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REFERENCE VOLTAGE GENERATION
CIRCUIT, POWER SOURCE DEVICE, LIQUID
CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority of
Japanese patent application No. 2010-128413 (filing date:
Jun. 4,2010), which is incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] Thedisclosure relates to a reference voltage genera-
tion circuit to generate a reference voltage (i.e., an input
variable voltage to which a higher limit value and a lower
limit value are set) in response to receiving a variable voltage,
and a power source device and a liquid crystal display device
using the circuit.

[0004] 2. Description of Related Art

[0005] FIG. 4 is a circuit diagram showing a first conven-
tional example of a reference voltage generation circuit. A
reference voltage generation circuit 70 of the first conven-
tional example receives a temperature detection voltage VT
(i.e., a voltage signal, the voltage value of which fluctuates
according to temperature fluctuation) from a temperature sen-
sor 60, and generates a reference voltage VREF by setting a
higher limit voltage VH and a lower limit voltage VL to the
temperature detection voltage VT (in reference to FIG. 3).
[0006] As a technique to realize the operation described
above by using an analog signal, the reference voltage gen-
eration circuit 70 in accordance with the first conventional
example includes a first amplifier circuit X which preferen-
tially outputs a higher voltage between the temperature detec-
tion voltage VT and the lower limit voltage VL, and a second
amplifier circuit Y which preferentially outputs a lower volt-
age as a reference voltage VREF between the output voltage
VX provided from the first amplifier circuit X and the higher
limit voltage VH.

[0007] As an input stage, the first amplifier circuit X is a
construction which includes npn bipolar transistors X1 and
X2, 10 each base terminal of which the temperature detection
voltage VT and the lower limit voltage VL are inputted (i.e.,
the first amplifier circuit X is kind of a npn-input-type ampli-
fier). As an input stage, the second amplifier circuit Y is a
construction which includes pnp bipolar transistors Y1 and
Y2, to each base terminal of which the output voltage VX and
the higher limit voltage VH are inputted (i.e., the second
amplifier circuit Y is kind of a pnp-input-type amplifier).
[0008] In addition, as an example of a technique related to
the aforementioned conventional technique, Japanese patent
publication No. 2009-232550 can be listed.

[0009] However, because the second amplifier circuit Y of
pnp-input-type is used for the reference voltage generation
circuit 70 of the first conventional example, at least a voltage
value corresponding to the sum of the three voltage is required
as a power source voltage to drive the input stage of the
second amplifier circuit Y: the higher limit voltage VH
applied to a base terminal of the transistor Y2, an ON thresh-
old voltage Vf of the transistor Y2, and a drop voltage Vsat of
the current source Y5 (i.e., VH+V{+Vsat=VH+1V). There-
fore, with respect to the reference voltage generation circuit
70 of the first conventional example, a problem arises because
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a minimum operation voltage (i.e., a lowest value of the
power source voltage required to maintain a normal opera-
tion) cannot be lowered adequately.

[0010] As shown in FIG. 5, as a technique to generate the
reference voltage VREF (i.e., the temperature detection volt-
age VT to which the higher limit voltage VH and a lower limit
voltage VL are set), a combination of buffers 91 to 93, com-
parators 94 to 95, a logic circuit 96 and a selector 97 which
operates by digital signal, can be proposed. However, such a
combination can result in an increase in circuit size or cost, as
well as noise occurring during switching of the selector, dete-
rioration of transient characteristics remains problems in
addition to the aforementioned problems.

SUMMARY OF THE INVENTION

[0011] Therefore, in view of the aforementioned problems
identified by the inventor of this application, a purpose of the
disclosure is to provide a reference voltage generation circuit
which can lower a lower operation voltage, and to provide a
power source device and a liquid crystal display device using
the circuit.

[0012] According to one aspect of the disclosure, a refer-
ence voltage generation circuit of the disclosure includes a
first amplifier circuit and a second amplifier circuit. The first
amplifier circuit includes a first input stage including two npn
transistors or two NMOS transistors. A variable voltage and a
predetermined lower limit voltage are inputted to base termi-
nals or gate terminals of the transistors. The first amplifier
circuit includes a first output stage including a pnp transistor
or a PMOS transistor, an emitter terminal or a source terminal
of the first output stage transistor is connected to an output
terminal of a reference voltage. The first amplifier circuit also
includes a first amplifier stage to control the first output stage
for equalizing the higher one of the variable voltage and the
lower limit voltage with the reference voltage. The second
amplifier circuit includes a second input stage including two
npn transistors or two NMOS transistors. The reference volt-
age and a predetermined higher limit voltage are inputted to
base terminals or gate terminals of these input stage transis-
tors. The second amplifier circuit also has a second output
stage including a pnp transistor or a PMOS transistor. An
emitter terminal or a source terminal of the second output
stage transistor is connected to an output terminal of the
reference voltage. The second amplifier circuit further
includes a second amplifier stage to control the second output
stage for equalizing the reference voltage with the higher
limit voltage.

[0013] Other features of the disclosure, elements, steps,
advantages, and characteristics will be apparent from the
following description and the accompanying drawings and
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a block diagram showing a construction
example of a liquid crystal display device in accordance with
the disclosure.

[0015] FIG. 2 is a circuit diagram showing a construction
example of a reference voltage generation circuit 11 and a
temperature sensor 20.

[0016] FIG. 3 is a correlation diagram showing a tempera-
ture fluctuation and a reference voltage VREF.

[0017] FIG. 4 is a circuit diagram showing a first conven-
tional example of a reference voltage generation circuit.
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[0018] FIG. 5 is a circuit diagram showing a second con-
ventional example of a reference voltage generation circuit.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0019] FIG. 1 is a block diagram showing a construction
example of a liquid crystal display device in accordance with
the disclosure. The liquid crystal display device 1 of the
disclosure includes a power source IC 10, a temperature sen-
sor 20, a gate driver 30, a source driver 40, and a liquid crystal
display panel 50 (LCD]|Liquid Crystal Display] panel 50 in
the following description).

[0020] The power source IC 10 is a semiconductor device
to generate an output voltage VOUT from an input voltage
VIN, and to supply the output voltage VOUT to the gate driver
30, including a reference voltage generation circuit 11 and a
DC/DC converter 12.

[0021] The reference voltage generation circuit 11 receives
a temperature detection voltage VT (i.e., a voltage signal, the
voltage value of which fluctuates in accord to a temperature
fluctuation of the LCD panel 50) from the temperature sensor
20, and generates the reference voltage VREF (in reference to
FIG. 3) to which a predetermined higher limit voltage VH and
a lower limit voltage VL are set. The construction and opera-
tion of the reference voltage generation circuit 11 are
described below in detail.

[0022] The DC/DC converter 12 generates an output volt-
age VOUT from the input voltage VIN in accord to the refer-
ence voltage VREF. In addition, as for the DC/DC converter
12, if the required output voltage VOUT can be generated
from the input voltage VIN, any circuit construction (e.g., a
switching regulator, a series regulator, a charge pump circuit,
and so on) can be adopted.

[0023] The temperature sensor 20 is provided around the
LCD panel 50, and generates the temperature detection volt-
age VT, the voltage value of which fluctuates according to a
temperature fluctuation of the LCD panel 50. The construc-
tion and operation of the temperature sensor 20 are explained
below using a particular example.

[0024] The gate driver 30 operates by receiving the supple-
ment of the output voltage VOUT from the power source IC
10, and generates a gate drive signal for a TFT transistor
(TFT[Thin Film Transistor]) provided to every cell of the
LCD panel 50 according to a vertical synchronizing signal
provided from a logic part (the logic part is not illustrated). A
voltage value of the gate drive signal fluctuates according to
an output voltage VOUT.

[0025] The source driver 40 generates a source drive signal
for a TFT transistor provided to every cell of the LCD panel
50 according to an image signal provided from a logic part
(the logic part is not illustrated).

[0026] TheL.CD panel 50 displays an arbitrary character or
an image by receiving a gate drive signal and a source drive
signal from the gate driver 30 and the source driver 40, respec-
tively.

[0027] As described above, with respect to a liquid crystal
display device 1 in accordance with an example of the imple-
mentation, the power source IC 10 includes a function which
performs variable control for voltage value of the output
voltage VOUT provided to the gate driver 30 (i.c., Further-
more, a voltage value of the gate drive signal provided to the
LCD panel 50) according to an ambient temperature of the
LCD panel 50. In other words, the power source IC 10
includes a function for compensating temperature ofthe LCD
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panel 50. This construction makes it possible to realize a
panel characteristic (e.g., contrast and gamma curve) free
from fluctuation of temperature, and to enhance visibility and
color reproducibility of the LCD panel 50.

[0028] FIG. 2 is a circuit diagram showing a construction
example of a reference voltage generation circuit 11 and a
temperature sensor 20. The reference voltage generation cir-
cuit 11 of the disclosure includes a first amplifier circuit A and
a second amplifier circuit B. The first amplifier circuit A
includes a npn bipolar transistors Al and A2, a pnp bipolar
transistor A3, an operational amplifier A4, and current
sources A5 to A7. The second amplifier circuit B includes npn
bipolar transistors B1 and B2, a pnp bipolar transistor B3, an
operational amplifier B4, and current sources BS and B6.

[0029] A collector terminal of the transistor Al is con-
nected to a power source terminal. An emitter terminal of the
transistor A1 is connected to a ground terminal via the current
source A5. A base terminal of the transistor A1 is connected to
an apply terminal of the temperature detection voltage VT. A
collector terminal of the transistor A2 is connected to a power
source terminal. An emitter terminal of the transistor A2 is
connected to the ground terminal via the current source A6. A
base terminal of the transistor A2 is connected to a apply
terminal of the lower limit voltage VL. A first non-inverting
inputterminal (+) of the operational amplifier A4 is connected
to an emitter terminal of the transistor Al. A second non-
inverting input terminal (+) of the operational amplifier A4 is
connected to an emitter terminal of the transistor A2. An
inverting terminal (-) of the operational amplifier A4 is con-
nected to an output terminal of the reference voltage VREF.
An output terminal of the operational amplifier A4 is con-
nected to a base terminal of the transistor A3. An emitter
terminal of the transistor A3 is connected to an output termi-
nal of the reference voltage VREF, and also connected to the
power source terminal via a current source A7. A collector
terminal of the transistor A3 is connected to the ground ter-
minal.

[0030] A collector terminal of the transistor B1 is con-
nected to the power source terminal. An emitter terminal of
the transistor B1 is connected to the ground terminal via the
current source B5. A base terminal of the transistor Bl is
connected to an apply terminal ofthe higher limit voltage VH.
A collector terminal of the transistor B2 is connected to the
power source terminal. An emitter terminal of the transistor
B2 is connected to the ground terminal via the current source
B6. A base terminal of the transistor B2 is connected to an
output terminal of the reference voltage VREF. A non-invert-
ing input terminal (+) of the operational amplifier B4 is con-
nected to an emitter terminal of the transistor B1. An inverting
terminal (-) of the operational amplifier B4 is connected to an
emitter terminal of the transistor B2. An output terminal of the
operational amplifier B4 is connected to a base terminal of the
transistor B3. An emitter terminal of the transistor B3 is
connected to an output terminal of the reference voltage
VREF. A collector terminal of the transistor B3 is connected
to the ground terminal.

[0031] As for the first amplifier circuit A of the aforemen-
tioned construction, the first input stage is constructed with
the transistors Al and A2, and the current sources A5 and A6.
The first output stage is constructed with the transistor A3 and
the current source A7. The first amplifier stage for controlling
the first output stage (i.e., the transistor A3 in detail) is con-
structed by the operational amplifier Ad to equalize the higher
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one of the temperature detection voltage VT and the lower
limit voltage VL with the reference voltage VREF.

[0032] With respect to the second amplifier circuit B con-
structed with the aforementioned construction, the second
input stage is constructed with transistors B1 and B2, and the
current sources BS to B6. The second output stage is con-
structed with the transistor B3. The second amplifier stage for
controlling the second output stage (i.e., the transistor B3 in
detail) to equalize the reference voltage VREF with the higher
limit voltage VH is constructed with the operational amplifier
B4.

[0033] The temperature sensor 20 in accordance with the
implementation includes the resistors 21 and 22, and the
thermistor 23. The resistor 21 is connected between the power
source terminal and an output terminal of the temperature
detection voltage VT. The resistor 22 is connected between
the ground terminal and an output terminal of the temperature
detection voltage VT. The thermistor 23 is connected to the
resistor 21 in parallel.

[0034] As the thermistor 23, so called a NTC (Negative
Temperature Coefficient) thermistor is used, the temperature
coefficient of which is negative (i.e., the resistance value is
lowered as the ambient temperature around the LCD panel 50
increases). Therefore, the higher an ambient temperature
around the LCD panel 50 becomes, the lower the synthesized
resistance value of the resistor 21 and the thermistor 23
becomes smaller. As the ambient temperature around the
LCD panel 50 becomes higher, the higher the voltage value of
the temperature detection voltage VT becomes, as shown in
FIG. 3.

[0035] A detailed explanation is described below about an
operation of the reference voltage generation circuit 11
according to the abovementioned construction.

[0036] If VL is greater than or equal to VT, in the first
amplifier circuit A, a feedback control is performed for the
transistor A3 by the operational amplifier A4, to equalize the
lower limit voltage VL, which is higher than the temperature
detection voltage VT, with the reference voltage VREF. Thus,
the first amplifier circuit A preferentially outputs the lower
limit voltage VL than the temperature detection voltage VT.
On the other hand, in the second amplifier circuit B, a feed-
back control for the transistor B3 by the operational amplifier
B4 is performed, to equalize the reference voltage VREF with
the higher limit voltage VH. However, only the capability to
extract a current from the output terminal of the reference
voltage VREF is provided to the transistor B3 (i.e., a capabil-
ity to lower a voltage value of the reference voltage VREF not
to surpass the higher limit voltage VH). Therefore, if the
reference voltage VREF is lower than the higher limit voltage
VH, the second amplifier circuit B transitions to a state which
does not function at all (i.e., in detail, an output signal of the
operational amplifier B4 over swings to a high level, and the
transistor B3 is completely turned OFF). According to the
aforementioned operation, the reference voltage VREF does
not lower the lower limit voltage VL and is kept at a lower
limit voltage VL.

[0037] IfVHis greater than VT, and VT is greater than VL,
in the first amplifier circuit A, a feedback control is performed
for the transistor A3 by the operational amplifier Ad, to equal-
ize thetemperature detection voltage VT, which is higher than
the lower limit voltage VL, with the reference voltage VREF.
Thus, the first amplifier circuit A preferentially outputs a
temperature detection voltage VT than the lower limit voltage
VL. On the other hand, in the second amplifier circuit B, a

Dec. 8, 2011

feedback control for the transistor B3 by the operational
amplifier B4 1s performed, to equalize the reference voltage
VREF with the higher limit voltage VH. However, only a
capability to extract a current from the output terminal of the
reference voltage VREF is provided to the transistor B3, if the
reference voltage VREF is lower than the higher limit voltage
VH, the second amplifier circuit B transitions to a state which
does not function at all. According to the aforementioned
operation, a voltage value of the reference voltage VREF
fluctuates in synchronization with the temperature detection
voltage VT.

[0038] IF VT is greater than or equal to VH, in the first
amplifier circuit A, a feedback control is performed for the
transistor A3 by the operational amplifier A4, to equalize the
temperature detection voltage VT, which is higher than the
lower limit voltage VL, with the reference voltage VREF.
Thus, the first amplifier circuit A preferentially outputs the
temperature detection voltage VT than the lower limit voltage
VL. On the other hand, in the second amplifier circuit B, a
feedback control for the transistor B3 by the operational
amplifier B4 is performed, to equalize the reference voltage
VREF with the higher limit voltage VH. Thus, in the second
amplifier circuit B, a current is extracted from the output
terminal of the reference voltage VREF via the transistor B3,
the reference voltage VREF is lowered to the higher limit
voltage VH. At same time, as mentioned above, in the first
amplifier circuit A, a feedback control is performed for the
transistor A3 by the operational amplifier A4, to equalize the
temperature detection voltage VT with the reference voltage
VREF. However, only a capability to extract a current from
the output terminal of the reference voltage VREF is provided
to the transistor A3. Therefore, if the reference voltage VREF
is clamped to a higher limit voltage VH lower than the tem-
perature detection voltage VT, the first amplifier circuit A
transitions to a state which does not function at all (i.e., in
detail, an output signal of the operational amplifier A4 over
swings to a high level and the transistor A3 is completely
turned OFF). According to the aforementioned operation, a
voltage value of the reference voltage VREF is kept at the
higher limit voltage VH not to surpass the higher limit voltage
VH.

[0039] As described above, the reference voltage genera-
tion circuit 11 in accordance with the implementation differs
from the conventional construction using the npn-input-type
first amplifier circuit X and the pnp-input-type second ampli-
fier circuit Y (in reference to FIG. 4), by using the first ampli-
fier circuit A and the second amplifier circuit B both which
include npn-input stage and pnp-output stage, and only have
capability of extracting a current, then each output of the
amplifier circuits A and B is shorted, and the reference voltage
VREF can be generated. Based on this construction, without
using the pnp-input-type second amplifier circuit Y (i.e., the
pnp transistor Y2, the higher limit voltage VH is inputted to a
base terminal of the transistor Y2), the function of clamping
the reference voltage VREF to the higher limit voltage VH
(i.e., a function to preferentially output the lower voltage
between the two inputted voltages) can be realized. There-
fore, the minimum operation voltage of the reference voltage
generation circuit 11 can be lowered, which makes it possible
to contribute to a reduction in energy consumption of the
power source 1C 10 and the liquid crystal display device 1
using the circuit.

[0040] With respect to the aforementioned implementa-
tion, as transistors constructing the first amplifier circuit A
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and the second amplifier circuit B, an example is described in
reference a construction which uses bipolar transistors Al to
A3 and B1 to B3. The construction of the disclosure is not
restricted to the example, on behalf of a bipolar transistor, a
MOS[Metal Oxide Semiconductor] FET [Filed Effect tran-
sistor] can be used, for example. In that case, equivalent
replacement can be realized by replacing a base terminal, an
emitter terminal, and a collector terminal of the bipolar tran-
sistor to a gate terminal, a source terminal, and a drain termi-
nal of the MOS FET, respectively.

[0041] In the above mentioned implementation, the
example is described as applying the reference voltage gen-
eration circuit 11 (i.e., the generation circuit 11 generates the
reference voltage VREF by setting the higher limit voltage
VH and the lower limit voltage to the temperature detection
voltage VT) to the disclosure. However, application of the
disclosure is not restricted to the example. The disclosure can
be applied flexibly to a general reference voltage generation
circuit which generates a reference voltage by setting a higher
limit value and a lower limit value to a variable voltage.
[0042] As for the reference voltage generation circuit dis-
closed in the specification, the minimum operation voltage
can be lowered, which makes it possible to contribute to a
reduction in energy consumption of the power source device
and the liquid crystal display device using the circuit.
[0043] A technical characteristic disclosed in the specifica-
tion can possibly be used as a technique to lower a minimum
operation voltage of the power source device including a
temperature compensation function for the liquid crystal dis-
play panel.

[0044] In the above description, best mode implementa-
tions of the disclosure have been described. Nevertheless,
various modifications can be made, and it is evident to a
person of ordinary skill that other implementations can be
included apart from the aforementioned constructions.
Accordingly, any other implementations are within the scope
of the claims without departing from the spirit and scope of
the disclosure.

LIST OF REFERENCE NUMERALS

[0045] 1 liquid crystal display device

[0046] 10 power source IC

[0047] 11 reference voltage generation circuit
[0048] 12 DC/DC converter

[0049] 20 temperature sensor

[0050] 21, 22 resistor

[0051] 23 thermistor

[0052] 30 gate driver

[0053] 40 source driver

[0054] 50 liquid crystal display panel (LCD panel)
[0055] A first amplifier circuit

[0056] A1, A2 npn type bipolar transistor

[0057] A3 pnp type bipolar transistor

[0058] A4 operational amplifier (amplifier stage)
[0059] AS5-A7 current source

[0060] B second amplifier circuit

[0061] B1, B2 npn type bipolar transistor

[0062] B3 pnp type bipolar transistor

[0063] B4 operational amplifier (amplifier stage)
[0064] BS, B6 current source
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What is claimed is:

1. A reference voltage generation circuit comprising:

a first amplifier circuit; and

a second amplifier circuit;

wherein the first amplifier circuit comprises:

a first input stage including two npn transistors or
NMOS transistors having base terminals or gate ter-
minals to which a variable voltage and a predeter-
mined lower limit voltage are inputted, respectively;

a first output stage including a pnp transistor or a PMOS
transistor having an emitter terminal or a source ter-
minal connected to an output terminal for a reference
voltage; and

a first amplifier stage to control the first output stage for
equalizing the higher one of the variable voltage and
the lower limit voltage with the reference voltage;

wherein the second amplifier circuit comprises:

asecond input stage including two npn transistors or two
NMOS transistors having base terminals or gate ter-
minals to which the reference voltage and a predeter-
mined higher limit voltage are inputted, respectively;

a second output stage including a pnp transistor or a
PMOS transistor having an emitter terminal or a
source terminal connected to an output terminal for
the reference voltage; and

a second amplifier stage to control the second output
stage for equalizing the reference voltage with the
higher limit voltage.

2. The reference voltage generation circuit according to
claim 1, wherein the first output stage includes a current
source connected between the power source terminal and an
output terminal for the reference voltage.

3. The reference voltage generation circuit according to
claim 1, wherein each of the first input stage and the second
input stage includes a current source connected between each
emitter terminal of the npn transistors and each ground ter-
minal or a current source connected between each source
terminal of the NMOS transistors and each ground terminal,
respectively.

4. The reference voltage generation circuit according to
claim 1,

wherein the first amplifier stage comprises a first opera-

tional amplifier having a first non-inverting input termi-
nal and a second non-inverting input terminal each of
which is connected to each emitter terminal of the two
npn transistors or connected to each source terminal of
the two NMOS transistors included in the first input
stage, the first operational amplifier having an inverting
input terminal connected to an output terminal for the
reference voltage, and the first operational amplifier
having an output terminal connected to the base terminal
of the pnp transistor or the gate terminal of the PMOS
transistor included in the first output stage,

wherein the second amplifier stage comprises a second

operational amplifier having a non-inverting input ter-

minal and an inverting input terminal connected to an
emitter terminal of the two npn transistors or connected
to a source terminal of the two NMOS transistors
included in the second input stage, the second opera-
tional amplifier having an output terminal connected to

the base terminal of the pnp transistor or connected to a

gate terminal of the PMOS transistor included in the

second output stage.

5. The reference voltage generation circuit according to
claim 1, wherein the variable voltage is a temperature detec-
tion voltage, a voltage value of which fluctuates according to
fluctuation of temperature.
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6. A power source device comprising:

a reference voltage generation circuit to generate a refer-

ence voltage; and

a DC/DC converter to generate an output voltage from an

input voltage according to the reference voltage;

wherein the reference voltage generation circuit com-
prises:

a first input stage including two npn transistors or two
NMOS transistors having base terminals or gate ter-
minals to which a variable voltage and a predeter-
mined lower limit voltage are inputted, respectively;

a first output stage including a pnp transistor or a PMOS
transistor having an emitter terminal or a source ter-
minal connected to an output terminal for the refer-
ence voltage; and

a first amplifier stage to control the first output stage for
equalizing the higher one of the variable voltage and
the lower limit voltage with the reference voltage;

wherein the second amplifier circuit comprises:

asecond input stage including two npn transistors or two
NMOS transistors having base terminals or gate ter-
minals to which the reference voltage and a predeter-
mined higher limit voltage are inputted, respectively;

a second output stage including a pnp transistor or a
PMOS transistor having an emitter terminal or a
source terminal connected to an output terminal of the
reference voltage; and

a second amplifier stage to control the second output
stage for equalizing the reference voltage with the
higher limit voltage.

7. The power source device according to claim 6, wherein
the first output stage comprising a current source connected
between a power source terminal and an output terminal for
the reference voltage.

8. The power source device according to claim 6, wherein
each of the first input stage and the second input stage
includes current sources connected between each emitter ter-
minal of the npn transistors and each ground terminal or
current sources connected between each source terminal of
the NMOS transistors and each ground terminal, respectively.

9. The power source device according to claim 6,

wherein the first amplifier stage comprises a first opera-

tional amplifier having a first non-inverting input termi-
nal and a second non-inverting input terminal each of
which is connected to each emitter terminal of the two
npn transistors or connected to each source terminal of
the two NMOS transistors included in the first input
stage, the first operational amplifier having an inverting
input terminal connected to an output terminal for the
reference voltage, and the first operational amplifier
having an output terminal connected to the base terminal
of the pnp transistor or the gate terminal of the PMOS
transistor included in the first output stage,

wherein the second amplifier stage comprises a second

operational amplifier having a non-inverting input ter-
minal and an inverting input terminal each of which is
connected to an emitter terminal of the two npn transis-
tors or connected to a source terminal of the two NMOS
transistors included in the second input stage, and the
second operational amplifier having an output terminal
which is connected to the base terminal of the pnp tran-
sistor or connected to a gate terminal of the PMOS
transistor included in the second output stage.
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10. The power source device according to claim 6, wherein
the variable voltage is a temperature detection voltage, a
voltage value of which fluctuates according to fluctuation of
temperature.

11. A liquid crystal display device comprising:

a temperature sensor which generates a temperature detec-
tion voltage, a voltage value of which fluctuates accord-
ing to fluctuation of temperature;

a power source device to generate an output voltage from
an input voltage according to a reference voltage;

a gate driver to generate a gate drive signal in response to a
supplement of the output voltage;

a source driver to generate a source drive signal; and

a liquid crystal display panel which operates by receiving
the gate drive signal and the source drive signal;

wherein the power source device comprises:

a reference voltage generation circuit to generate the
reference voltage;
a DC/DC converter to generate an output voltage from
an input voltage according to the reference voltage;
wherein the reference voltage generation circuit com-
prises:
a first amplifier circuit; and
a second amplifier circuit;
wherein the first amplifier circuit comprises:

a first input stage including two npn transistors or
two NMOS transistors having base terminals or
gate terminals to which the temperature detec-
tion voltage and a predetermined lower limit
voltage are inputted, respectively;

a first output stage including a pnp transistor or a
PMOS transistor having an emitter terminal or a
source terminal connected to an output terminal
for the reference voltage;

a first amplifier stage to control the first output
stage for equalizing the higher one of the tem-
perature detection voltage and the lower limit
voltage with the reference voltage;

wherein the second amplifier circuit comprises:

a second input stage including two npn transistors
or two NMOS transistors having base terminals
or gate terminals to which the reference voltage
and a predetermined higher limit voltage are
inputted, respectively;

a second output stage including a pnp transistor or
a PMOS transistor having an emitter terminal or
a source terminal connected to an output termi-
nal for the reference voltage;

a second amplifier to control the second output
stage for equalizing the reference voltage and the
higher limit voltage.

12. The liquid crystal display device according to claim 11,
wherein the first output stage includes a current source con-
nected between a power source terminal and an output termi-
nal for the reference voltage.

13. The liquid crystal display device according to claim 11,
wherein each ofthe first input stage and the second input stage
includes current sources connected between each emitter ter-
minal of the npn transistors and each ground terminal or
current sources connected between each source terminal of
the NMOS transistors and each ground terminal, respectively.

14. The liquid crystal display device according to claim 11,

wherein the first amplifier stage comprises a first opera-
tional amplifier having a first non-inverting input termi-



US 2011/0298780 Al

nal and a second non-inverting input terminal each of
which is connected to each emitter terminal of the two
npn transistors or connected to each source terminal of
the two NMOS transistors included in the first input
stage, the first operational amplifier having an inverting
input terminal connected to an output terminal of the
reference voltage, and the first operational amplifier
having an output terminal connected to the base terminal
of the pnp transistor or the gate terminal of the PMOS
transistor included in the first output stage,

wherein the second amplifier stage comprises a second
operational amplifier having a non-inverting input ter-
minal and an inverting input terminal each of which is
connected to an emitter terminal of the two npn transis-
tors or connected to a source terminal of the two NMOS
transistor included in the second input stage, and the
second operational amplifier having an output terminal
connected to the base terminal of the pnp transistor or
connected to a gate terminal of the PMOS transistor
included in the second output stage.
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15. A liquid crystal display device according to claim 11,
wherein the temperature sensor generates the temperature
detection voltage according to an ambient temperature of the
liquid crystal display panel.

16. The liquid crystal display device according to claim 15,
wherein the temperature sensor comprises:

a first resistor connected between the power source termi-
nal and an output terminal of the temperature detection
voltage;

a second resistor connected between the ground terminal
and an output terminal of the temperature detection volt-
age; and

a thermistor connected to the first resistor in parallel.

17. The liquid crystal display device according to the claim
16, wherein the thermistor has a negative temperature coef-
ficient which lowers a resistance value if the temperature
rises.



patsnap

TRAFROE) SEBEFEBRE  BREE AR REE
NIF(2E)E US20110298780A1 K (2E)R 2011-12-08
HiES US13/117285 HiEA 2011-05-27

FRIFE(FRR)AE) FEBROERAHF

BE (LRI A(X) ROHM CO. , LTD.

LA BRBEFNN)AGE) ROHMCO. , LTD.

[#R] & B A MURAKAMI KAZUHIRO

DN MURAKAMI, KAZUHIRO
IPCH#E G09G3/36 GO6F3/038 GO5F3/16
CPCH#E GO5F3/20

1£ %4 2010128413 2010-06-04 JP

H A0 FF Sk US8593449

SNERaE Espacenet USPTO

BEGE) 1

REBNSEDES LR - HABREENE - HARSEE, 5 &

—HARBBRBEIRE  F—WAR , BEH D npnREE; HHEIMANMOS & YN
& | AERATESEATE FREENERETRIRHT. B 0 T
BB DR BERPMOSS S | EEAEEESE & EMNH i = y
R SR TR T. E—RABRBHE—WLR , BAFETE P%Twmﬁm[w ~
BENTREEFREN —N55EZEENE, EoRARDKEQES ~ ) SOURCE
“HAR , HEER M@ AERAINVOSRAE  HEawAsE |§ |VILRIRIE| | oooc |lvor | DOKR
BENTE L REENERETRMRET | 50 RS Fonp B EE cegon | SRR I
HEAPMOSREE, RN TFRBRE T ERIATFSELENE VREF l
EFRBEHESE, o DRIVER

3
=

J‘

I

e |
FANEL |

TEMFPERATURE
SEMSOR



https://share-analytics.zhihuiya.com/view/e0833929-87f6-4a8f-bca0-dabbfaca674a
https://worldwide.espacenet.com/patent/search/family/045064114/publication/US2011298780A1?q=US2011298780A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110298780%22.PGNR.&OS=DN/20110298780&RS=DN/20110298780

