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AMPLIFIER, LIQUID CRYSTAL DISPLAYING
DRIVING CIRCUIT AND LIQUID CRYSTAL
DISPLAY APPARATUS

BACKGROUND

[0001] The present disclosure relates to an amplifier, a lig-
uid crystal displaying driving circuit and a liquid crystal
display apparatus.

[0002] As display apparatus, the liquid crystal display
apparatus (LDC: Liquid Crystal Device) is widely spread. In
the liquid crystal display section of a liquid crystal display
apparatus, a plurality of pixels configured from transistors,
diodes and so forth are provided. The pixels are driven by a
liquid crystal displaying driving circuit to display an image on
the liquid crystal display section. The liquid crystal display-
ing driving circuit includes a plurality of amplifiers, and a
driving signal amplified by each amplifier is supplied to the
pixels for each line to drive the pixels.

[0003] In recent years, liquid crystal display apparatus are
demanded to have a larger screen and higher definition, and
also desired to have reduced power consumption. Advance-
ment of screen size increasing and definition enhancement of
liquid crystal display apparatus increases the power con-
sumed by amplifiers provided forthe lines in the liquid crystal
display section. In order to implement low power consump-
tion of liquid crystal display apparatus, it is important to
reduce the power consumption of amplifiers in the liquid
crystal displaying driving circuit. However, there is a problem
that, if the power consumption of the amplifiers of the liquid
crystal displaying driving circuit is reduced, then the slew rate
of the amplifiers drops.

[0004] Japanese Patent Laid-Open No. 2001-156559 dis-
closes, as a method of increasing the slew rate of amplifiers
while suppressing their power consumption, a method in
which the steady-state current of amplifiers is increased or
decreased in response to the increase or decrease in the output
potential of the amplifiers. Such an amplifier as disclosed in
the document mentioned above includes a steady-state cur-
rent source and a sub current source for generating current in
response to the increase or decrease in the output potential of
the amplifier. The steady-state current supplied from the
steady-state current source is reduced, and upon rise and fall
of an input signal, the sub current source supplies a steady-
state current so that the slew rate of the amplifiers can be
increased while suppressing the power consumption.

SUMMARY

[0005] The semiconductor integrated circuits, into which
liquid crystal displaying driving circuits are incorporated, are
being adapted to be more miniaturized and to operate at a
lower power supply potential. Meanwhile, a power supply
potential higher than a fixed value is sometimes required for
an operating condition of a circuit. Regarding such case, a
method is known in which a high power supply potential
(VDDR) is supplied to a circuit which requires a power sup-
ply potential higher than a fixed value, but alow power supply
potential (VDDL) is supplied to a circuit which can operate
with a low power supply potential, thereby suppressing power
consumption of the semiconductor integration circuit while
allowing operation of the circuit which requires power supply
potential higher than the fixed value.

[0006] Where circuits whose operation potentials are dif-
ferent from each other are connected, different power supply
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potentials are sometimes employed for the input stage and
output stage in accordance with the operation potentials of the
circuits at the following stage and the preceding stage.
[0007] The amplifier disclosed in the document mentioned
hereinabove is supplied with one power supply potential, and
it is not assumed to supply different power supply potentials
to the input stage and the output stage as above.

[0008] Therefore, it is desirable to provide an amplifier
adapted to increase the slew rate while suppressing power
consumption irrespective of the power supply potentials at
the input stage and output stage.

[0009] Also itisdesirable to provide a liquid crystal display
driving apparatus and a liquid crystal display apparatus
including such an amplifier as described above.

[0010] According to an embodiment of the present disclo-
sure, there is provided an amplifier, including a voltage fol-
lower circuit having differential input terminals and an output
terminal fed back to a first one of the differential input termi-
nals, the voltage follower circuit being configured to amplify
an input signal inputted to a second one of the differential
input terminals and output the amplified signal from the out-
put terminal; a first current source configured to supply a
predetermined current to the voltage follower circuit; and a
second current source configured to supply current to the
voltage follower circuit when a potential difference between
the second one of the differential input terminals and the
output terminal is equal to or higher than a predetermined
value.

[0011] Further, according to another embodiment of the
present disclosure, there is provided a liquid crystal display-
ing driving circuit including the amplifier described above
and a D/A conversion circuit.

[0012] Furthermore, according to another embodiment of
the present disclosure, there is provided a liquid crystal dis-
play apparatus including a driving circuit that includes the
amplifier described above, a decoder circuit, and a D/A con-
version circuit; and a liquid crystal display section.

[0013] In the amplifier, liquid crystal displaying driving
circuit and liquid crystal display apparatus according to the
embodiments of the present disclosure, the slew rate can be
increased while the power consumption of the amplifier is
suppressed irrespective of the power supply potentials at the
input stage and output stage.

[0014] The above features and advantages of the present
technology will become apparent from the following descrip-
tion and the appended claims, taken in conjunction with the
accompanying drawings in which like parts or elements
denoted by like reference characters.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a block diagram showing a liquid crystal
display apparatus according to an embodiment of the present
technology;

[0016] FIG. 2 is a block diagram showing a source driver
circuit of the liquid crystal display apparatus;

[0017] FIG. 3 is a circuit diagram showing an amplifier of
the source driver circuit;

[0018] FIG. 4 is a circuit diagram showing a detailed con-
figuration of the amplifier;

[0019] FIG. 51is a circuit diagram showing a configuration
of an amplifier as a comparative example with the amplifier of
FIG. 4;

[0020] FIG. 6is a diagrammatic view illustrating results of
a simulation carried out with the amplifier of FIG. 5; and
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[0021] FIGS. 7 to 9 are diagrammatic views illustrating
results of a simulation carried out with the amplifier of FIG. 4.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0022] Referring first to FIG. 1, a liquid crystal display
apparatus 1 according to an embodiment of the present tech-
nology is described. The liquid crystal display apparatus 1
includes a liquid crystal display section 11, a horizontal driv-
ing circuit 12 including a plurality of source driver circuits 2,
avertical driving circuit 13 including a plurality of gate driver
circuits 3, an interface circuit 14 and a gradation power supply
15.

[0023] The liquid crystal display section 11 includes,
although not shown, a semiconductor substrate on which
transparent pixel electrodes and TFTs (Thin Film Transistors)
are disposed, and an opposing substrate on which one trans-
parent electrode is formed over the overall displaying section.
Liquid crystals are sealed between the substrates. The TFTs
individually have a switching function controlled by the hori-
zontal driving circuit 12 and the vertical driving circuit 13 to
apply a driving signal to the pixel electrodes, whereby a
potential difference appears between the pixel electrodes and
the electrode on the opposing substrate. Consequently, the
transmittance of the liquid crystals change and an image is
displayed.

[0024] Though not shown, the liquid crystal display section
11 includes a plurality of scanning lines arrayed in the row
direction and a plurality of data lines arrayed in the column
direction. The pixel electrodes and the TFTs of the liquid
crystal display section 11 are disposed in a matrix at positions
at which the scanning lines and the data lines cross with each
other.

[0025] The horizontal driving circuit 12 includes the plu-
rality of source driver circuits 2 individually provided for the
data lines. The source driver circuits 2 supply driving signals
generated therein to the respective data lines. Details of the
horizontal driving circuit 12 are hereinafter described.
[0026] The vertical driving circuit 13 includes the plurality
of gate driver circuits 3 individually provided for the scanning
lines. The gate driver circuits 3 supply driving signals gener-
ated therein to the respective scanning lines.

[0027] As such, the source driver circuits 2 and the gate
driver circuits 3 supply the driving signals to the data lines and
the scanning lines, respectively, so as to drive the pixel elec-
trodes of the liquid crystal display section 11.

[0028] The interface circuit 14 outputs a video signal and
control signals supplied thereto from the outside to the hori-
zontal driving circuit 12 and the vertical driving circuit 13.
The control signals include, for example, a vertical start sig-
nal, a vertical clock, an enable signal, a horizontal start signal
and a horizontal clock. The video signal includes, for
example, serial image data R, G and B. The interface circuit
14 converts the serial image data R, G and B into parallel
image data R, G and B and outputs the parallel image data as
an input video signal to the source driver circuits 2 of the
horizontal driving circuit 12. In other words, the interface
circuit 14 operates as a decoder circuit for generating an input
video signal of parallel image data R, G and B based on a
video signal inputted from the outside.

[0029] The gradation power supply 15 generates a grada-
tion voltage. The gradation power supply 15 outputs the gen-
erated gradation voltage to the source driver circuit 2.
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[0030] Next, the source driver circuit 2 is described with
reference to FIG. 2. The source driver circuit 2 includes a D/A
conversion circuit (DAC Block) 21 and an amplifier 22.
[0031] The D/A conversion circuit 21 receives an input
video signal from the interface circuit 14 operating as a
decoder circuit and a gradation voltage from the gradation
power supply 15. The D/A conversion circuit 21 selects the
gradation voltage in response to the input video signal, and
outputs the selected gradation voltage as a driving analog
signal to the amplifier 22.

[0032] The driving analog signal from the D/A conversion
circuit 21 is inputted to the amplifier 22. The amplifier 22
amplifies the driving analog signal to generate a driving sig-
nal. The amplifier 22 supplies the generated driving signal to
a data line.

[0033] Theamplifier 22 is described with reference to FIG.
3. The amplifier 22 includes a voltage follower circuit 221, a
first current source 222 and a second current source 223.
[0034] The voltage follower circuit 221 has differential
input terminals and an output terminal which is fed back to
one of the differential input terminals. The voltage follower
circuit 221 amplifies an input signal inputted to the other
differential input terminal (hereinafter referred to as input
terminal IN) and outputs the amplified input signal from the
output terminal OUT.

[0035] The first current source 222 is a constant current
source which supplies current I necessary for the voltage
follower circuit 221 to operate. The first current source 222
supplies the predetermined current I to the voltage follower
circuit 221.

[0036] The second current source 223 supplies current ladd
to the voltage follower circuit 221 when the potential differ-
ence between the input terminal IN and the output terminal
OUT is equal to or greater than a predetermined value.

[0037] Details of the amplifier 22 are described with refer-
ence to FI1G. 4.
[0038] The voltage follower circuit 221 includes PMOS

transistors M10 and M11. The PMOS transistor M11 is con-
nected at the gate terminal thereof to the input terminal IN and
at the source terminal thereof to the first current source 222
and the second current source 223. The PMOS transistor M10
is connected at the gate terminal thereof to the output terminal
OUT and at the source terminal thereof to the first current
source 222 and the second current source 223. The gate ter-
minals of the PMOS transistors M10 and M11 constitute the
differential input terminals of the voltage follower circuit
221.

[0039] The voltage follower circuit 221 includes NMOS
transistors M12 and M13. The NMOS transistor M12 is con-
nected at the drain terminal thereof'to the drain terminal of the
PMOS transistor M10 and at the source terminal thereof'to a
second power supply potential Vss. The NMOS transistor
M13 is connected at the drain terminal thereof to the drain
terminal of the PMOS transistor M11 and at the source ter-
minal thereof to the second power supply potential Vss. The
NMOS transistor M12 is connected at the gate terminal
thereof to the gate terminal of the NMOS transistor M13 and
the drain terminal of the NMOS transistor M12, and the
NMOS transistors M12 and M13 constitute a current mirror
circuit. The circuit configured from the transistors M10 to
M13 is hereinafter referred to as the differential stage.
[0040] The voltage follower circuit 221 includes a PMOS
transistor M14 connected at the source terminal thereof to a
low power supply potential VDDL. A bias voltage Vb2 is



US 2013/0016087 A1

applied to the gate terminal of the PMOS transistor M14. The
voltage follower circuit 221 includes an NMOS transistor
M15 connected at the drain terminal thereof to the drain
terminal of the PMOS transistor M14, and a PMOS transistor
M16 connected at the source terminal thereof to the drain
terminal of the PMOS transistor M14. A bias voltage Vb3 is
applied to the gate terminal of the NMOS transistor M15, and
abias voltage Vb4 is applied to the gate terminal of the PMOS
transistor M16. The voltage follower circuit 221 includes an
NMOS transistor M17 connected at the drain terminal thereof
to the source terminal of the gradation power supply 15 and
the drain terminal of the PMOS transistor M16 and at the
source terminal thereof to the second power supply potential
Vss. A bias voltage Vb5 is applied to the gate terminal of the
NMOS transistor M17.

[0041] The voltage follower circuit 221 includes a PMOS
transistor M18 connected at the source terminal thereof to the
low power supply potential VDDL and at the drain terminal
thereof to the output terminal OUT. The gate terminal of the
PMOS transistor M18 is connected to the drain terminal of the
PMOS transistor M14. The gate terminal of the PMOS tran-
sistor M18 is applied with a voltage which depends on the
sizes of the transistors M14 to M17 and the bias voltages Vb2
to Vb5.

[0042] The voltage follower circuit 221 includes an NMOS
transistor M19 connected at the drain terminal thereof to the
output terminal OUT and at the source terminal thereof to the
second power supply potential Vss. The gate terminal of the
NMOS transistor M19 is connected to the drain terminal of
the PMOS transistor M11.

[0043] The voltage follower circuit 221 includes a capaci-
tive element C1 connected at one terminal thereof to the gate
terminal of the PMOS transistor M18 and at the other terminal
thereof'to the drain terminal of the PMOS transistor M18, and
another capacitive element C2 connected at one terminal
thereof to the gate terminal of the NMOS transistor M19 and
at the other terminal thereof to the drain terminal of the
NMOS transistor M19. Further, the voltage follower circuit
221 includes a capacitive element C3 connected at one tet-
minal thereof to the output terminal OUT and at the other
terminal thereof to the second power supply potential Vss.
[0044] TItisto be noted that the voltage follower circuit 221
described above is one example, and a voltage follower circuit
of a configuration different from that described hereinabove
with reference to FIG. 4 may be used as the amplification
stage of the amplifier 22.

[0045] The slew rate of the voltage follower circuit 221 of
FIG. 4 depends upon the current flowing through the capaci-
tive elements C1 and C2 and the differential stage. In particu-
lar, if the current flowing through the differential stage is Id
(Id=I+Iadd), then the slew rate of the voltage follower circuit
221 is determined by the quotient between the current Id and
the capacitive element C1 or the quotient between the current
1d and the capacitive element C2.

[0046] The first current source 222 includes a PMOS tran-
sistor M2 connected at the source terminal thereof to a high
power supply potential and connected at the drain terminal
thereof to the differential stage of the voltage follower circuit
221. A bias voltage Vb1 is applied to the gate terminal of the
PMOS transistor M2. The PMOS transistor M2 supplies cut-
rent I to the voltage follower circuit 221 in response to the bias
voltage Vbl.

[0047] The second current source 223 includes an NMOS
transistor M31 connected at the source terminal thereof to the
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output terminal OUT and at the gate terminal thereof to the
input terminal IN. The NMOS transistor M31 generates cut-
rent in response to the potential difference between the source
and the gate thereof, that is, the potential difference between
the output potential and the input potential.

[0048] The second current source 223 includes a PMOS
transistor M32 connected at the source terminal thereof to the
high power supply potential VDDH and at the drain terminal
thereof'to the drain terminal of the NMOS transistor M31, and
a PMOS transistor M33 connected at the source terminal
thereof to the high power supply potential VDDH and at the
drain terminal thereof to the differential stage of the voltage
follower circuit 221. The PMOS transistor M32 is connected
at the gate terminal thereof'to the gate terminal of the PMOS
transistor M33 and the drain terminal of the PMOS transistor
M32. The PMOS transistors M32 and M33 constitute a cur-
rent mirror circuit. The PMOS transistors M32 and M33
supply current 11 generated by the NMOS transistor M31 to
the PMOS transistors M10 and M11 of the voltage follower
circuit 221.

[0049] The second current source 223 also includes a
PMOS transistor M34 connected at the source terminal
thereof to the output terminal OUT and at the drain terminal
thereof to the differential stage of the voltage follower circuit
221. The gate terminal of the PMOS transistor M34 is con-
nected to the input terminal IN, and the PMOS transistor M34
generates current 12 in response to the potential difference
between the source and the gate thereof, that is, in response to
the potential difference between the output potential and the
input potential. The PMOS transistor M34 supplies the cur-
rent 12 generated therein to the PMOS transistors M10 and
M11 of the voltage follower circuit 221.

[0050] Next, effects of the amplifier 22 are described. First,
for comparison, an amplifier 22a which does not include the
second current source 223 is described. F1G. 5 shows a circuit
configuration of the amplifier 22a. Referring to FIG. 5, the
amplifier 22a has a configuration same as that of the amplifier
22 of FIG. 4 except that it does not include the second current
source 223. Therefore, the amplifier 224 is described below
using reference characters same as those used for the ampli-
fier 22.

[0051] Theinput terminal IN of the voltage follower circuit
221 of the amplifier 22a operates also as the input terminal IN
of the amplifier 22a. The input terminal IN receives a driving
analog signal from the D/A conversion circuit 21. The voltage
follower circuit 221 amplifies the driving analog signal input-
ted thereto by means of the differential stage to produce a
driving signal. The driving signal is supplied to a gate line of
the liquid crystal display section 11 of FIG. 1 through the
output terminal OUT. The current necessary for the differen-
tial stage of the voltage follower circuit 221 to generate a
driving signal is supplied from the first current source 222.
[0052] Since the number of provided source driver circuits
2is equal to the number of gate lines, the number of amplifiers
22a incorporated in the source driver circuits 2 is as many as
the number of the gate lines. Accordingly, if the outputs of all
of the amplifiers 22a are to rise, that is, if the output potential
at the output terminal QUT is to rise in all of the voltage
follower circuits 221, in accordance with the increase in the
input potential at the input terminal IN, the potentials at the
source terminals of the PMOS transistors M10 and M11
shown in FIG. 5 also rise by a similar degree. As the potentials
at the source terminals of the PMOS transistors M10 and M11
rise, the potential at the drain terminal of the PMOS transistor
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M2 in the first current source 222 rises. This rise in the
potential at the drain terminal of the PMOS transistor M2
raises the potential at the gate terminal of the PMOS transistor
M2 due to the influence of the parasitic capacitance between
the gate and the drain of the PMOS transistor M2. The rise in
the potential at the gate terminal of the PMOS transistor M2
causes the current I generated by the PMOS transistor M2 to
decrease.

[0053] As described above, the slew rate of the voltage
follower circuit 221 depends upon the current I flowing
through the capacitive elements C1, C2 and the differential
stage. Accordingly, as the current 1 generated by the PMOS
transistor M2 decreases, the slew rate of the voltage follower
circuit 221 deteriorates.

[0054] Generally, the bias voltage Vb1 applied to the gate
terminal of the PMOS transistor M2 of the first current source
222 is generated by a single bias voltage generation section
(not shown) and supplied to every amplifier 22a in order to
prevent increase of the chip area. If the output potential rises
in all amplifiers 22q, in accordance with the rise of the input
potential at the input terminal IN, the potential at the gate
terminal of every PMOS transistor M2 rises. However, the
bias voltage generation section not shown may be unable to
meet the rise of the potential at the gate terminals. Therefore,
in a case where the output potential rises in all amplifiers 224,
the slew rate of the amplifiers 224 deteriorates significantly in
comparison with that in a case in which the output potential of
one amplifier 22a rises.

[0055] FIG. 6 illustrates the slew rate of the amplifier 22a
shown in FIG. 5. In particular, FIG. 6 illustrates the results of
a simulation of the amplifier 224 in a case where the number
of gate lines which the liquid crystal display apparatus 1 has,
that is, the number of amplifiers 22a is 342. The solid line
curve in FIG. 6 illustrates the driving analog signal inputted to
the input terminal IN. The dotted line curve in FIG. 6 illus-
trates a driving signal outputted from the output terminal
OUT of one amplifier 22a when only the one amplifier 224
was driven. The alternate long and two short dashes line curve
in FIG. 6 illustrates a driving signal outputted from the output
terminal OUT of one of the driven amplifiers 22a when 171
amplifiers 22a were driven. The broken line curve in FIG. 6
illustrates a driving signal outputted from the output terminal
OUT of one of the driven amplifiers 22a when all 342 ampli-
fiers 22a were driven.

[0056] As can be seen from FIG. 6, when one amplifier 22a
was driven, the rise time of the outputted driving signal was
0.8 psec, but when all amplifiers 22a were driven, the rise time
of the outputted riving signal was 1.9 psec. Thus, as the
number of amplifiers 22a to be driven increases, the rise time
of the outputted driving signal slows down, and the slew rate
of the amplifiers 22a deteriorates.

[0057] In consideration to this, the amplifier 22 according
to the present embodiment is configured such that it includes
the second current source 223 in addition to the first current
source 222. In the following, an effect by the second current
source 223 is described with reference to F1G. 4.

[0058] As shown in FIG. 4, the second current source 223
includes the NMOS transistor M31. The gate terminal of the
NMOS transistor M31 is connected to the input terminal IN,
and its source terminal is connected to the output terminal
OUT. Accordingly, the NMOS transistor M31 generates cur-
rent I1 when the potential at the input terminal IN is higher
than the potential at the output terminal OUT by a predeter-
mined value or more. This predetermined value depends upon
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the threshold voltage of the NMOS transistor M31. The cur-
rent I1 generated by the NMOS transistor M31 is supplied to
the voltage follower circuit 221 through the current mirror
circuit constituted by the PMOS transistors M32 and M33.
[0059] The second current source 223 also includes the
PMOS transistor M34. The gate terminal of the PMOS tran-
sistor M34 is connected to the input terminal IN, and the
source terminal thereof is connected to the output terminal
OUT. Accordingly, the PMOS transistor M34 generates cur-
rent 12 when the potential at the input terminal IN is lower
than the potential at the output terminal OUT by a predeter-
mined value or more. This predetermined value depends upon
the threshold voltage of the PMOS transistor M34. The cur-
rent 12 generated by the PMOS transistor M34 is supplied to
the voltage follower circuit 221.

[0060] In this manner, the amplifier 22 according to the
present embodiment detects the variation of the potential
difference between the output terminal OUT and the input
terminal IN and supplies additional current Iadd (=[1+12)
from the second current source 223 to the voltage follower
circuit 221 in response to the variation of the potential differ-
ence. By supplying the additional current in response to the
potential difference between the input terminal IN and the
output terminal OUT, even when the amplifier 22 has a plu-
rality of power potentials, the slew rate can be improved with
the power consumption of the amplifier 22 being suppressed.
[0061] FIG. 7 illustrates the slew rate of the amplifier 22
shown in FIG. 4. In particular, FIG. 7 illustrates the results of
asimulation of the amplifier 22 in a case where the number of
gate lines which the liquid crystal display apparatus 1 has,
thatis, the number of amplifiers 22 is 342. The solid line curve
in FIG. 7 illustrates the driving analog signal inputted to the
input terminal IN. The dotted line curve in FIG. 7 illustrates a
driving signal outputted from the output terminal OUT of one
amplifier 22 when only the one amplifier 22 was driven. The
alternate long and two short dashes line curve in FIG. 7
illustrates a driving signal outputted from the output terminal
OUT of one of the driven amplifiers 22 when 171 amplifiers
22 were driven. The broken line curve in FIG. 7 illustrates a
driving signal outputted from the output terminal OUT of one
of the driven amplifiers 22 when all 342 amplifiers 22 were
driven.

[0062] As canbeseen from FIG. 7, as the number of driven
amplifiers 22 increases, the rise of the outputted driving sig-
nal is slowed down a little, but the amount of delay is reduced
in comparison with thatin FIG. 6. Thus, by using the amplifier
22 according to the present embodiment in this manner, even
when the number of driven amplifiers 22 increases, deterio-
ration of the slew rate can be suppressed.

[0063] FIG. 8 illustrates the variation of the voltage Vgs
between the gate and the source of the PMOS transistor M2 in
the first current source 222 when the driving analog signal
illustrated in F1G. 7 is inputted to the input terminal IN of the
amplifier 22. As can be seen from FIG. 8, the voltage Vgs
between the gate and the source of the PMOS transistor M2
significantly falls upon rising of the driving analog signal and
significantly rises upon falling ofthe driving analog signal. In
this manner, when the driving analog signal is inputted to the
input terminal IN, the voltage Vgs between the gate and the
source of the PMOS transistor M2, that is, the operation of the
first current source varies. However, according to the present
embodiment, deterioration of the slew rate of the amplifier 22
can be suppressed as shown in FIG. 7 by the provision of the
second current source 223.
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[0064] FIG. 9 illustrates the current Id (I+Iadd) supplied to
the differential stage when the driving analog signal illus-
trated in FIG. 7 is inputted to the input terminal IN of the
amplifier 22. From FIG. 9, it can be recognized that large
current flows upon the rising and falling of the driving analog
signal. Since the second current source 223 supplies the cur-
rent Tadd in response to the difference between the potential at
the input terminal IN and the potential at the output terminal
OUT as shown in FIG. 9, deterioration of the slew rate of the
amplifier 22 can be suppressed as shown in FIG. 7.

[0065] As described above, the amplifier 22 according to
the present embodiment includes the second current source
223, and therefore it can supply additional current Iadd to the
voltage follower circuit 221 in response to the variation of the
potential difference between the input terminal IN and the
output terminal OUT. Consequently, deterioration of the slew
rate of the amplifier 22 can be suppressed with the power
consumption of the first current source 222 being reduced.
[0066] Itis to be noted that, while the present embodiment
described above was directed to a case in which the amplifier
22 is applied to a liquid crystal display apparatus 1, the
amplifier 22 can be applied not only to the liquid crystal
display apparatus 1 but also to any circuit so long as the circuit
amplifies a signal using a voltage follower circuit 221. Since
the influence of deterioration on the slew rate is large when a
plurality of amplifiers 22 are driven, it is preferable to apply
the amplifier 22 of the present embodiment to a circuit in
which many amplifiers 22 are driven such as the liquid crystal
display apparatus 1.

[0067] Finally, the embodiment described above is a mere
example of the present technology, and the present technol-
ogy is not limited to the embodiment described above. It is
apparent that those skilled in the art could make various
alterations and modifications without departing from the
spirit and scope of the present technology as defined in the
claims.

[0068] The present disclosure contains subject matter
related to that disclosed in the Japanese Priority Patent Appli-
cation JP 2011-156312 filed in the Japan Patent Office on Jul.
15, 2011, the entire content of which is hereby incorporated
by reference.

What is claimed is:

1. An amplifier, comprising;

a voltage follower circuit having differential input termi-
nals and an output terminal fed back to a first one of the
differential input terminals, the voltage follower circuit
being configured to amplify an input signal inputted to a
second one of the differential input terminals and output
the amplified signal from the output terminal,

a first current source configured to supply a predetermined
current to said voltage follower circuit; and

asecond current source configured to supply current to said
voltage follower circuit when a potential difference
between the second one of the differential input termi-
nals and the output terminal is equal to or higher than a
predetermined value.
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2. The amplifier according to claim 1, wherein said second
current source supplies the current to said voltage follower
circuit when the potential at the second one of the differential
input terminals is higher by a predetermined value or more
than the potential at the output terminal.

3. The amplifier according to claim 1, wherein said second
current source supplies the current to said voltage follower
circuit when the potential at the second one of the differential
input terminals is lower by a predetermined value or more
than the potential at the output terminal.

4. A liquid crystal displaying driving circuit for outputting
a driving signal for driving pixels provided in a liquid crystal
displaying section operative to display an image, comprising:

a digital-to-analog conversion circuit configured to gener-

ate a driving analog signal in response to an input video

signal; and
an amplifier including
a voltage follower circuit having differential input ter-
minals and an output terminal fed back to a first one of
the differential input terminals, the voltage follower
circuit being configured to amplify the driving analog
signal inputted to a second one of the differential input
terminals and output the amplified signal from the
output terminal,
a first current source configured to supply a predeter-
mined current to the voltage follower circuit, and
a second current source configured to supply current to
the voltage follower circuit when a potential differ-
ence between the second one of the differential input
terminals and the output terminal is equal to or higher
than a predetermined value.
5. A liquid crystal display apparatus, comprising:
a driving circuit including
a decoder circuit configured to decode an input signal to
produce an input video signal,
a digital-to-analog conversion circuit configured to gen-
erate a driving analog signal in response to the input
video signal, and
an amplification circuit including a plurality of amplifi-
ers each including
a voltage follower circuit having differential input
terminals and an output terminal fed back to a first
one of the differential input terminals, the voltage
follower circuit being configured to amplify the
driving analog signal inputted to a second one of
the differential input terminals and output the
amplified signal from the output terminal,

a first current source configured to supply a predeter-
mined current to the voltage follower circuit, and

a second current source configured to supply current
to the voltage follower circuit when a potential
difference between the second one of the differen-
tial input terminals and the output terminal is equal
to or higher than a predetermined value; and

a liquid crystal displaying section including a plurality of

pixels driven by the driving signal and configured to

display an image.
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