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(57) ABSTRACT

Provided is an amplifying circuit and display unit (for
example, a liquid crystal display) which achieves reductions
in an area and power consumption without needing to build
up complicated logic, while maintaining properties, as com-
pared with the existing amplifying circuit and display unit. In
the amplifying circuit, a voltage follower is divided into com-
ponents including an input stage amplifying part for high
voltage, an input stage amplifying part for low voltage and
multiple output stage amplifying parts. Without changing an
input relationship between the input stage amplifying parts
for high voltage and for low voltage, an output relationship
between the multiple output stage amplifying parts is
changed depending on a control signal. Additionally, when
the input stage amplifying part and the output stage amplify-
ing part form one amplifying part, the amplifying part is
switched to form the voltage follower in response to switch-
ing operation.
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FIG. 3
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AMPLIFYING CIRCUIT AND DISPLAY UNIT

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an amplifying cir-
cuit and a display unit, and particularly, relates to an ampli-
fying circuit used in an active matrix type data drive circuit
(for example, a liquid crystal display drive circuit), and a
display unit (for example, a liquid crystal display) that
employs the amplifying circuit.

[0003] 2. Description of the Related Art

[0004] An existing amplifying circuit and a display unit
will be described below taking a liquid crystal display as an
example. Anactive matrix type liquid crystal display has been
known which includes: a liquid crystal panel; a liquid crystal
display drive circuit disposed on an upper side of the liquid
crystal panel; and a gate driver disposed on a side surface of
the liquid crystal panel. In such a liquid crystal display. an
amplifying circuit for driving a capacitive load of each pixel
is used for a liquid crystal display drive unit.

[0005] In the liquid crystal panel, alternating current drive
is performed in order to prevent application of a direct current
voltage from causing sticking. The alternating current drive
ofthe liquid crystal panel uses a drive method in which a write
polarity is inverted relative to a common level for each frame,
line or dot, and includes various methods such as “frame
inversion,” “gate line inversion,” “data line inversion” and
“dot inversion.” The “frame inversion” is a method in which
the write polarity is inverted for each frame. The “gate line
inversion” is a method in which the write polarity in a scan-
ning line direction is inverted for each N gate lines (N: integer
not less than 2) within a frame while the write polarity is also
inverted for each frame. The “data line inversion” is a method
in which the write polarity in a data line direction is kept
within a frame, but is inverted for each frame. The “dot
inversion” is a method in which the write polarity is inverted
for each of adjacent pixels within a frame, and the write
polarity is further inverted for each frame.

[0006] The present invention relates to the “gate line inver-
sion” method and the “dot inversion” method previously
described. In other words, the present invention relates to a
method for writing data pieces having different polarities to
each two adjacent pixels connected to the same gate line.
[0007] Hereinafter, a method of driving a general liquid
crystal display will be briefly described with reference to a
liquid crystal display drive circuitand a liquid crystal panel in
FIG. 8.

[0008] The liquid crystal display drive circuit includes: a
data register 1 that receives digital display signals R, G, and B
with a predetermined number of bits, for example, 8 bits; a
latch circuit 2 that latches a digital display signal in synchro-
nization with a strobe signal (hereinafter, referred to as a
strobe signal STB) generated from a horizontal synchroniz-
ing signal HSYNC for latching inputted data; a DA converter
3 consisting of N (N: integer not less than 2) digital-to-analog
converters arranged in parallel; a liquid crystal grayscale
voltage generating circuit 4 that has a gamma conversion
property corresponding to the property of the liquid crystal
used in the liquid crystal display drive unit; and an amplifying
circuit 5 that buffers voltage from the DA converter 3.
[0009] Theliquid crystal panel includes a TFT 6 (Thin Film
Transistor, TFT 6_1 to TFT 6_N) and a pixel capacitor 7 (a
pixel capacitor 7_1 to a pixel capacitor 7_N). The TFT 6 is
provided at each of the intersections of data lines and scan-
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ning lines. The gates of the TFTs 6 are connected to the
corresponding scanning lines, and the sources thereof are
connected to the corresponding data lines. One end of each of
the pixel capacitors 7 is connected to its corresponding drain
of the TFT 6, and the other end thereof is connected to its
corresponding COM port. Although FIG. 8 shows a configu-
ration of the liquid crystal panel only for one line for conve-
nience in description, an actual liquid crystal panel is pro-
vided with M (M: integer not less than 2) lines of TFTs 6
shown in FIG. 8.

[0010] When the liquid crystal display operates, a gate
driver (not shown) sequentially drives the gate of each TFT in
each line.

[0011] The DA converter 3 supplies the amplifying circuit
5 with a voltage obtained by digital-to-analog converting the
digital display signals from the latch circuit 2. Specifically,
with a decoder formed of a ROM switch (not shown) or the
like, the DA converter 3 selects one of multiple reference
voltages generated in the liquid crystal grayscale voltage
generating circuit 4, corresponding to the digital display sig-
nals, and then supplies the reference voltage thus selected to
the amplifying circuit 5.

[0012] The liquid crystal grayscale voltage generating cir-
cuit 4 includes, for example, a resistance ladder circuit that is
driven by a voltage follower in order either to lower the
impedance at each reference voltage point, or to adjust the
reference voltage. Moreover, the liquid crystal grayscale volt-
age generating circuit 4 outputs a positive polarity grayscale
voltage and a negative polarity grayscale voltage so as to
perform the above-mentioned alternating current drive.
[0013] The amplifying circuit 5 performs impedance con-
version of the positive polarity grayscale voltage and negative
polarity grayscale voltage received from the DA converter 3.
The amplifying circuit 5 outputs output voltages from output
terminals thereof to the respective drains of the TFT 6_1 to
TFT 6_N in the liquid crystal panel during writing to the
pixels, and sets the output terminals of the amplifying circuit
5 to a high impedance state during charge recovery.

[0014] 1Inthe active matrix type display unit employing the
dot inversion drive method, as described above, the data lines
of the liquid crystal panel are driven so that the polarities of
voltages applied to each adjacent pixels of a single scanning
line would be different from each other, and further, are
driven so that the positive polarity grayscale voltage and the
negative polarity grayscale voltage would be switched for
every one horizontal period. Thereby, the amplifying circuit 5
ofthe liquid crystal display drive circuit has a configuration in
which the positive polarity grayscale voltage and the negative
polarity grayscale voltage are alternately outputted from the
amplifying circuit 5 so that the polarities of voltages output-
ted from an odd number terminal and an even number termi-
nal would be alternated.

[0015] The existing amplifying circuit 5 will be described
in more detail using FIG. 9 that is a schematic view of FIG. 2
in Japanese Patent Application Publication No. 2000-221927
(JP-A 2000-221927, below). Note that, when the liquid crys-
tal panel has, for example, a resolution of 1280x1024
(SXGA) (one pixel consists of 3 dots, R, G, and B), use of 10
liquid crystal display drive circuits for 1280x3=3840 data
lines needs 384 outputs in one liquid crystal display drive
circuit. Here, for the sake of simplicity, description will be
given of adjacent two terminals (hereinafter, an odd number
output terminal is referred to as S1, and an even number
output terminal is referred to as S2).
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[0016] As shown in FIG. 9. a positive polarity grayscale
voltage VPx (hereinafter, referred to as grayscale voltage
VPx) and a negative polarity grayscale voltage VNx (herein-
after, referred to as grayscale voltage VNX) are inputted into
terminals T1 and 12 of the amplifying circuit 5, respectively.
The grayscale voltages VPx and VNx are grayscale voltages
obtained by digital-to-analog converting video signals corre-
sponding to two outputs from the DA converter 3.

[0017] The amplifying circuit 5 of FIG. 9 includes: a polar-
ity switching part 10 that outputs the grayscale voltages VPx
and VNx in turn from the terminals 11 and 12 while alternating
the polarities of the grayscale voltages VPx and VNXx; a volt-
age follower 8 that amplifies the driving performance of the
grayscale voltages VPx and VNX received from the polarity
switching part 10 and outputs the thus amplified grayscale
voltages; and an output switching part 9 that outputs the
grayscale voltages VPx and VNXx in turn from the output
terminals S1 and S2 of the amplifying circuit 5 while alter-
nating the polarities for every one horizontal period (the out-
put switching part is not shown in JP-A 2000-221927 (FIG.
2).)

[0018] In the polarity switching part 10, switches SW1,
SW2, SW3, and SW4 are controlled by a polarity inverting
signal POL and a strobe signal STB. The switches SW1 and
SW4 and the switches SW2 and SW3 complementarily oper-
ate.

[0019] The voltage follower 8 includes a first amplifying
part 81 and a second amplifying part 82. The switches SW1
and SW2 are connected to an input of the first amplifving part
81, and the switches SW3 and SW4 are connected to an input
of the second amplifying part 82, respectively.

[0020] The output switching part 9 is connected to outputs
of the first amplifying part 81 and the second amplifying part
82, and is controlled according to the strobe signal STB to be
ON during driving of the liquid crystal panel and to be OFF
during the charge recovery.

[0021] Next, operation of the amplifying circuit will be
described. In one horizontal period, the grayscale voltages
VPx and VNx from the DA converter 3 are respectively out-
putted to the switches SW1 and SW3 and switches SW2 and
SW4 of the polarity switching part 10. Here, the polarity
switching part 10 is controlled according to the polarity
inverting signal POL and the strobe signal STB as shown in a
timing chart of FIG. 10. For example, in response to the
polarity inverting signal POL="H" and the strobe signal
STB="H,” the switches SW1 and SW4 are switched from
OFT to ON, and the switches SW2 and SW3 are switched
from ON to OFF. As a result, the grayscale voltages VPx and
VNx are inputted from the DA converter 3 into the first
amplifying part 81 and the second amplifying part 82 of the
voltage follower 8, respectively. Then, impedance conversion
of the grayscale voltages VPx and VNx are performed in the
first amplifying part 81 and the second amplifying part 82,
respectively. Simultaneously, synchronizing with the strobe
signal STB=“L,” output switches SW5 and SW6é turn ON.
Thereby, the grayscale voltage VPx is outputted from the first
amplifying part 81 to the output terminal S1, and the gray-
scale voltage VNXx is outputted from the second amplifying
part 82 to the output terminal S2.

[0022] Inthe nextone horizontal period, the grayscale volt-
ages VPx and VNx from the DA converter 3 are respectively
inputted into the switches SW1 and SW3 and switches SW2
and SW4 of the polarity switching part 10. Here, as shown by
the timing chart of FIG. 10, the polarity switching part 10 is
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controlled in response to the polarity inverting signal
POL="L” and the strobe signal STB="H,” so that the
switches SW2 and SW3 are switched from OFF to ON and the
switches SW1 and SW4 are switched from ON to OFF. As a
result, the grayscale voltages VNx and VPx are inputted from
the DA converter 3 into the first amplifying part 81 and the
second amplifying part 82 of the voltage follower 8, respec-
tively. Then, impedance conversion of the grayscale voltages
VNx and VPx are performed in the first amplifying part 81
and the second amplifying part 82, respectively. Simulta-
neously, synchronizing with the strobe signal STB="L,” the
output switches SW5 and SW6 turn on. Thereby, the gray-
scale voltage VNx is outputted from the first amplifying part
81 to the output terminal S1, and the grayscale voltage VPx is
outputted from the second amplifying part 82 to the output
terminal S2.

[0023] Afterwards, in a similar manner, the amplifying cir-
cuit5 alternately outputs the grayscale voltages VPx and VNx
corresponding to logic using external signals (the polarity
inverting signal POL and strobe signal STB) for every one
horizontal period so that the polarities at the output terminals
S1 and S2 would be alternated.

[0024] Inessence, ina configuration of JP-A 2000-221927
(FIG. 2), the grayscale voltages VPx and VNx of the DA
converter 3 are switched for every one horizontal period to be
outputted to the first amplifying part 81 and second amplify-
ing part 82. Then, after the impedance conversion of the
grayscale voltages VPx and VNX in the first amplifying part
81 and second amplifying part 82, the liquid crystal panel is
driven through the output switching part 9.

[0025] Next, an amplifying circuit 5 of Japanese Patent
Application Publication No. Hei 11-249623 (FIG. 7) that has
a configuration different from that in JP-A 2000-221927
(FIG. 2) will be described. FIG. 11 is a schematic view of the
amplifying circuit 5 in Japanese Patent Application Publica-
tion No. Hei 11-249623 (JP-A 11-249623, below) (FIG. 7).

[0026] The amplifying circuit 5 of JP-A 11-249623 (FIG.
7) includes a voltage follower 8 and a polarity switching and
output switching part 11.

[0027] The voltage follower 8 includes a first amplifying
part 81 and a second amplifying part 82. A grayscale voltage
VPx from a DA converter 3 is inputted into a noninverting
input terminal of the first amplifying part 81 through a termi-
nal I1, and an output of the first amplifying part 81 is fed back
to an inverting input terminal thereof, thereby forming a
voltage follower. A grayscale voltage VNx from the DA con-
verter 3 is inputted into a noninverting input terminal of the
second amplifying part 82 through a terminal 12, and an
output of the second amplifying part 82 is fed back to an
inverting input terminal thereof, thereby forming a voltage
follower.

[0028] Thepolarity switching and output switching part 11
includes switches SW7, SW8, SW9, and SW10. The switches
SW7 and SW9 are connected to an output OUT1 of the first
amplifying part 81, and the switches SW8 and SW10 are
connected to an output OUT?2 of the second amplifying part
82, respectively. The switches are controlled according to
logic of a polarity inverting signal POL and a strobe signal
STB. The switches SW7 and SW10 and the switches SW8
and SW9 are configured to be complementarily operated ON
and OFF.

[0029] Next, operation of the amplifying circuit 5 of JP-A
11-249623 (FIG. 7) will be described. The grayscale voltage
VPx from the DA converter 3 is inputted into the noninverting
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input terminal of the first amplifying part 81 through the
terminal I1, and the grayscale voltage VNx is inputted into the
noninverting input terminal of the second amplifying part 82
through the terminal 12. Since the amplifying circuit 5 has a
configuration of the voltage follower, impedance conversion
of the grayscale voltages VPx and VNx are performed in the
first amplifying part 81 and the second amplifying part 82,
respectively. The output OUT1 of the first amplifying part 81
is connected to the switches SW7 and SW9 of the polarity
switching and output switching part 11, and the output OUT2
of the second amplifying part 82 is connected to the switches
SW8 and SW10 of the polarity switching and output switch-
ing part 11.

[0030] The polarity switching and output switching part 11
is controlled according to logic of the polarity inverting signal
POL and the strobe signal STB. A polarity inverting signal
POL' is generated from the polarity inverting signal POL, and
a STB bar that is an inverted strobe signal STB is further
generated as shown in a timing chart of FIG. 12. An ON or
OFF state of the switches SW7 and SW10 is decided by
taking an inversion (NAND) of a logical product of the POL'
and the STB bar, generating a bar of a value of the switches
SW7 and SW10, and taking an inversion thereof.

[0031] Next, an ON or OFF state of the switches SW8 and
SW9 is decided by taking an inversion (NOR ) ofalogical sum
of the POL' and the strobe signal STB.

[0032] As a result, the amplifying circuit 5 can alternately
output the grayscale voltages VPx and VNx for every one
horizontal period so that the polarities at S1 and S2 would be
alternate.

[0033] Besides, Japanese Patent Application Publication
No. 2002-175052 (JP-A 2002-175052) (FIG. 6), whose
object and configuration are completely different from those
of the present invention, discloses switching means (47 and
48 of FIG. 6 in JP-A2002-175052) equivalent to the polarity
switching and output switching part 11 of JP-A 11-249623
(FIG. 7).

[0034] Moreover, Japanese Patent Application Publication
No. 2000-98331 (JP-A2000-98331) discloses a technique in
which using a segment display method completely different
from the method of the present invention, a voltage selected
from a reference power supply is inputted into two amplifying
parts and an output of an amplifying part is switched.
[0035] As mentioned above, in JP-A 11-249623 (FIG. 7),
JP-A 2002-175052 (FIG. 6), and JP-A 2000-98331, the
impedance conversion of the grayscale voltages VPx and
VNx from the DA converter 3 is performed directly in the first
amplifying part 81 and the second amplifying part 82, respec-
tively. Then, the polarity switching and output switching part
11, which is arranged between the outputs OUT1 and OUT2
of the first amplifying part 81 and the second amplifving part
82, and the output terminals S1 and S2 of the amplifying
circuit 5, is controlled according to the external signals so that
the polarities at the outputs terminals S1 and S2 would be
alternated.

[0036] In JP-A2000-221927 (FIG. 2), since the polarity
switching part 10 is provided in a preceding stage of the
voltage follower 8, the input voltages of the first amplifying
part 81 and the second amplifying part 82 have a wide range
from the grayscale voltage VPx to the grayscale voltage VNXx.
For this reason, the amplifying circuit 5 has to amplify a wide
range of operating power supply voltage with high accuracy,
and thus needs to be configured to have the Rail-to-Rail
property. For example, it is necessary to have a structure in
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which two differential pairs of a Pch transistor and an Nch
transistor are combined, as an input stage of the amplifying
circuit 5. As a result, such a complicated circuit configuration
prevents reduction of the area of the amplifying circuit §, and
additionally, prevents reduction in power consumption.
[0037] InJP-A 11-249623 (FIG. 7), the amplifying circuit
5 has only to have the first amplifying part 81 including a
differential pair of N channel MOS transistors that amplify
the grayscale voltage VPx and the second amplifying part 82
including a differential pair of P channel MOS transistors that
amplify the grayscale voltage VNx, and does not need to be
configured to obtain the Rail-to-Rail property. Accordingly,
the circuit can be formed to have an area smaller than that in
JP-A 2000-221927 (FIG. 2), and can achieve reduction in
power consumption.

[0038] However, the number of pixels has sharply been
increased with enlargement of the screen size of the liquid
crystal panel in recent years, and thus a load on the liquid
crystal panel side tends to increase, when compared to the
amplifying circuit 5 side. Additionally, with widespread use
of image data having higher image quality, high-speed driv-
ing has become necessary. For this reason, it has become
necessary to minimize voltage reduction of the output switch,
ie., to lower resistance value during operation. In JP-A
11-249623 (FIG. 7), however, the outputs from the amplify-
ing part are switched by the polarity switching and output
switching part 11, and the resultant voltages are applied to the
liquid crystal panel. In this configuration, the amplifying
circuit 5 needs to include the four switches SW7, SW8, SW9
and SW10, and one of the four switches SW7, SW8, SW9 and
SW10 is connected in series between the amplifying circuit 5
and the output terminal S. Accordingly, large switching tran-
sistors have to be provided for the four switches SW7, SW8,
SW9 and SW10 in order to lower the resistance, thus elimi-
nating merits of JP-A 11-249623 (FIG. 7) in respect of the
area (JP-A 2002-175052 (FIG. 6) and JP-A 2000-98331 are
also similar).

[0039] Moreover, in JP-A 11-249623 (F1G. 7), as shown in
FIG. 12, the logic needs to be built up from the polarity
inverting signal POL and the strobe signal STB that are input-
ted from the outside, and therefore, control is complicated.
[0040] As mentioned above, in JP-A 2000-221927 (FIG. 2)
and JP-A 11-249623 (FIG. 7), reduction in the area and in the
power consumption cannot be achieved. Additionally, it is
necessary to build up logic for switching, and therefore, con-
trol is complicated in JP-A 11-249623 (FIG. 7).

SUMMARY OF THE INVENTION

[0041] An amplifying circuit according to the present
invention includes: a first input stage amplifying part that
receives a first input signal only at a transistor differential pair
of a first conductivity type; a second input stage amplifying
part thatreceives a second input signal different from the first
input signal only at a transistor differential pair of a second
conductivity type; first and second output stage amplifying
parts; and a switching circuit that switches connections of the
first input stage amplifying part and the second input stage
amplifying part, with the first and second output stage ampli-
fying parts, on the basis of external control signals.

[0042] An amplifying circuit according to the present
invention is an amplifying circuit that applies a voltage in a
range from a first supply voltage to a second supply voltage
higher than the first supply voltage, the amplifying circuit
including: a first input stage amplifying part consisting of a
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transistor differential pair of a first conductivity type; a sec-
ond input stage amplifying part consisting of a transistor
differential pair of a second conductivity type; first and sec-
ond output stage amplifying parts; and a switching circuit that
switches a connection of each of the first input stage ampli-
fying part and the second input stage amplifying part,
between the first and second output stage amplifying parts, on
the basis of external control signals, wherein the first input
stage amplifying part performs amplifying operation on a
voltage if the voltage is approximately in a range from the
second supply voltage, to a voltage obtained by adding the
first supply voltage to a threshold voltage of a transistor that
forms the transistor differential pair of the first conductivity
type, and does not perform the amplifying operation if the
voltage is out of the range, and the second input stage ampli-
fying part performs amplifying operation on a voltage if the
voltage is approximately in a range from the first supply
voltage, to a voltage obtained by subtracting the second sup-
ply voltage by a threshold voltage of a transistor that forms the
transistor differential pair of the second conductivity type,
and does not perform the amplifying operation if the voltage
is out of the range.

[0043] An amplifying circuit according to the present
invention includes: a plurality of first input stage amplifying
parts each of which receives a first input signal only at a
transistor differential pair of a first conductivity type; a plu-
rality of second input stage amplifying parts each of which
receives a second input signal different from the first input
signal only at a transistor differential pair of a second con-
ductivity type; a plurality of first and second output stage
amplifying parts; and a switching circuit that switches con-
nection of each of the plurality of first input stage amplifying
parts and the plurality of second input stage amplifying parts,
with the plurality of first and second output stage amplifying
parts, on the basis of external control signals.

[0044] An amplifying circuit according to the present
invention is an amplifying circuit that applies a voltage in a
range from a first supply voltage to a second supply voltage
higher than the first supply voltage, the amplifying circuit
including: a plurality of first input stage amplifying parts each
consisting of a transistor differential pair of a first conductiv-
ity type; a plurality of second input stage amplifying parts
each consisting of a transistor differential pair of a second
conductivity type; a plurality of first and second output stage
amplifying parts; and a switching circuit that switches a con-
nection of each of the plurality of first input stage amplifying
parts and the plurality of second input stage amplifying parts,
between the plurality of first and second output stage ampli-
fying parts, on the basis of external control signals, wherein
the plurality of first input stage amplifving parts each perform
amplifying operation on a voltage if the voltage is approxi-
mately in a range from the second supply voltage, to a voltage
obtained by adding the first supply voltage to a threshold
voltage of a transistor that forms the transistor differential
pair of the first conductivity type, and does not perform the
amplifying operation if the voltage is out of the range, and the
plurality of second input stage amplifying parts each perform
amplifying operation on a voltage if the voltage is approxi-
mately in a range from the first supply voltage, to a voltage
obtained by subtracting the second supply voltage by a
threshold voltage of a transistor that forms the transistor
differential pair of the second conductivity type, and does not
perform the amplifying operation if the voltage is out of the
range.
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[0045] A display unit on which an amplifying circuit
according to the present invention is mounted is provided, the
amplifying circuit including: a first input stage amplifying
part that receives a first input signal only at a transistor dif-
ferential pair of a first conductivity type; a second input stage
amplifying part that receives a second input signal different
from the first input signal only at a transistor differential pair
of a second conductivity type; first and second output stage
amplifying parts; and a switching circuit that switches con-
nections of the first input stage amplifying part and the second
input stage amplifying part, with the first and second output
stage amplifying parts, on the basis of external control sig-
nals.

[0046] A display unit on which an amplifying circuit
according to the present invention is mounted is provided, the
amplifying circuit applying a voltage in a range from a first
supply voltage to a second supply voltage higher than the first
supply voltage, the amplifying circuit including: a first input
stage amplifying part consisting of a transistor differential
pair of a first conductivity type; a second input stage ampli-
fying part consisting of a transistor differential pair of a
second conductivity type; first and second output stage ampli-
fying parts; and a switching circuit that switches a connection
of each of the first input stage amplifying part and the second
input stage amplifying part, between the first and second
output stage amplifying parts, on the basis of external control
signals, wherein the first input stage amplifying part performs
amplifying operation on a voltage if the voltage is approxi-
mately in a range from the second supply voltage, to a voltage
obtained by adding the first supply voltage to a threshold
voltage of a transistor that forms the transistor differential
pair of the first conductivity type, and does not perform the
amplifying operations if the voltage is out of the range, and
the second input stage amplifying part performs amplifying
operation on a voltage if the voltage is approximately in a
range from the first supply voltage, to a voltage obtained by
subtracting the second supply voltage by a threshold voltage
of a transistor that forms the transistor differential pair of the
second conductivity type. and does not perform the amplify-
ing operation if the voltage is out of the range.

[0047] With the amplifving circuit 5 and a display unit (for
example, liquid crystal display) according to the present
invention, reduction in the area and in the power consumption
can be achieved without building up complicated logic while
maintaining properties thereof, as compared with the existing
amplifying circuit 5 and display unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] FIG. 1 is a block diagram of an amplifying circuit
according to Embodiment 1 of the present invention;

[0049] FIG. 2 is a timing chart of the amplifying circuit
according to Embodiment 1 of the present invention;

[0050] FIG. 3isadetailed circuit diagram of the amplifying
circuit according to Embodiment 1 of the present invention;
[0051] FIG. 4 is another circuit diagram of an output stage
amplifying part of an amplifying part according to an
embodiment of the present invention;

[0052] FIG. 5is further another circuit diagram of an output
stage amplifying part of an amplifying part according to an
embodiment of the present invention;

[0053] FIG. 6 is a block diagram of an amplifying circuit
according to Embodiment 2 of the present invention;

[0054] FIG. 7 is a block diagram of an amplifying circuit
according to Embodiment 3 of the present invention;
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[0055] FIG. 8 is a schematic view of a common liquid
crystal display;
[0056] FIG.9isablock diagram of an amplifying circuit of

the conventional art 1;

[0057] FIG. 10 is atiming chart of the amplifying circuit of
the conventional art 1;

[0058] FIG. 11 is a block diagram of an amplifying circuit
of the conventional art 2; and

[0059] FIG. 12 is atiming chart of the amplifying circuit of
the conventional art 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0060] FIG. 1 is a block diagram of the present invention.
An amplifying circuit 5 according to the present invention
includes a first input stage amplifying part 83, a second input
stage amplifying part 84, a voltage follower connecting and
polarity switching part 12, a voltage follower 8 consisting of
a first output stage amplifying part 85 and a second output
stage amplifying part 86, and an output switching part 9.
However, in apparatuses in which an output of a liquid crystal
display drive circuit, i.e., an output of the amplifying circuit 5
does notneed to be set to high impedance such as a case where
charge recovery is not performed, the output switching part 9
is unnecessary, and therefore, it is possible to eliminate the
output switching part 9. In this case, the voltage follower 8
becomes equivalent to the amplifying circuit 5.

[0061] Since in the first input stage amplifying part 83 of
the voltage follower 8, a grayscale voltage VPX inputted into
an input terminal 11 is limited to approximately an upper half
of a voltage ranging from a lowest power supply voltage VSS
(also referred to as a lower limit of negative voltage or a first
power supply voltage) to a highest power supply voltage
VDD (also referred to as an upper limit of positive voltage or
a second power supply voltage), it is not necessary to input
and output a voltage close to the lowest power supply voltage
VSS. When a threshold voltage of an N channel MOS tran-
sistor that forms an N channel differential pair is defined as
VTN, since the N channel differential pair inputs and outputs
a voltage in a range approximately from (VSS+VTN) to the
highest power supply voltage VDD, the first input stage
amplifying part 83 can be formed of only the N channel MOS
differential pair.

[0062] Similarly, since in the second input stage amplifying
part 84 of the voltage follower 8, a grayscale voltage VNX
inputted into an input terminal 12 is limited to approximately
a lower half of a voltage ranging from the lowest power
supply voltage VSS (lower limit of negative voltage) to the
highest power supply voltage VDD (upper limit of positive
voltage), it is not necessary to input and output a voltage close
to the highest power supply voltage VDD. When a threshold
voltage of a P channel MOS transistor that forms a P channel
differential pair is defined as VTP, since the P channel differ-
ential pair inputs and outputs a voltage in a range approxi-
mately from the lowest power supply voltage VSS to (VDD-
VTP), the second input stage amplifying part 84 can be
formed of only the P channel MOS differential pair.

[0063] The voltage follower connecting and polarity
switching part 12 of the voltage follower 8 is a circuit that
switches connection of I/O among the first input stage ampli-
fying part 83 and second input stage amplifying part 84 and
the first output stage amplifying part 85 and second output
stage amplifying part 86. The voltage follower connecting
and polarity switching part 12 consists of multiple switches
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SW11, SW12, SW13, SW14, SW15, SW 16, SW17, and
SW18. Additionally, an ON or OFF state of these switches is
controlled by a polarity inverting signal POL and a strobe
signal STB that are signals from the outside. The switch
SW11, SW14, SW15, and SW18, and the switch SW12,
SW13, SW16, and SW17 complementarily switch ON and
OFF.

[0064] The first output stage amplifying part 85 of'the volt-
age follower 8 receives an output from the first input stage
amplifying part 83 or the second input stage amplifying part
84 through the switch SW11 or SW12 of the voltage follower
connecting and polarity switching part 12, and outputs a
voltage corresponding to a video signal from an output ter-
minal S1 to a TFT 6 of a liquid crystal display panel when a
switch SW19 of the output switching part 9 is ON. Similarly,
the second output stage amplifying part 86 of the voltage
follower 8 receives an output from the first input stage ampli-
fying part 83 or the second input stage amplifying part 84
through the switch SW13 or SW14 of the voltage follower
connecting and polarity switching part 12, and outputs a
voltage corresponding to a video signal from an output ter-
minal S2 to the TFT 6 of the liquid crystal display panel when
a switch SW20 of the output switching part 9 is ON.

[0065] AnON or OFF state of the output switching part 9 is
controlled by the strobe signal STB that is a signal from the
outside. The output switching part 9 is configured to be ON
when driving the liquid crystal panel, and to be OFF during
charge recovery.

[0066] Next, operation of the present invention will be
described using the block diagram of the amplifying circuit 5
of FIG. 1 and a timing diagram of FIG. 2.

[0067] In one horizontal period, the grayscale voltage VPx
from the DA converter 3 is inputted into an noninverting input
terminal of the first input stage amplifying part 83 through the
input terminal 11 of the first input stage amplifying part 83,
and the grayscale voltage VNX is inputted into an noninvert-
ing input terminal of the second input stage amplifying part
84 through the input terminal 12 of the first input stage ampli-
fying part 83, respectively.

[0068] The output terminal of the first input stage amplify-
ing part 83 is connected to the switches SW11 and SW13 of
the voltage follower connecting and polarity switching part
12, and the inverting input terminal of the first input stage
amplifying part 83 is connected to the switches SW15 and
SW16. The output terminal of the second input stage ampli-
fying part 84 is connected to the switches SW12 and SW14 of
the voltage follower connecting and polarity switching part
12, and the inverting input terminal of the second input stage
amplifying part 84 is connected to the switches SW17 and
SW18.

[0069] Here, the voltage follower connecting and polarity
switching part 12 is controlled by the polarity inverting signal
POL and the strobe signal STB as shown by the timing chart
of FIG. 2. For example, assume that the switches SW11,
SW14, SW15, and SW18 are switched from OFF to ON, and
the switches SW 12, SW13, SW16, and SW17 are switched
from ON to OFF by the polarity inverting signal POL="H”
and the strobe signal STB="H”. As a result, the output from
the first input stage amplifying part 83 is inputted into the first
output stage amplifying part 85, and then an output OUT1
from the first output stage amplifying part 85 is inputted into
the noninverting input terminal of the first input stage ampli-
fying part 83. In essence, the first input stage amplifying part
83 and the first output stage amplifying part 85 form one
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amplifying unit of the voltage follower configuration. Simi-
larly, the second input stage amplifying part 84 and the sec-
ond output stage amplifying part 86 form one amplifying unit
of the voltage follower configuration.

[0070] Theswitches SW19 and SW20 are turned ON by the
strobe signal STB="1.,” and output voltages, each corre-
sponding to avideo signal, of the first output stage amplifying
part 85 and the second output stage amplifying part 86 are
outputted to the TFT 6 of the liquid crystal panel from the
output terminals S1 and S2.

[0071] Inthenextone horizontal period, the grayscale volt-
age VPx from the DA converter 3 is inputted into the nonin-
verting input terminal of the first input stage amplifying part
83 through the input terminal I1 of the first input stage ampli-
fying part 83. The grayscale voltage VINX is inputted into the
noninverting input terminal of the second input stage ampli-
fying part 84 through the input terminal 12 of the second input
stage amplifying part 84.

[0072] The switches SW12, SW13, SW16, and SW17 are
switched from OFF to ON, and the switches SW11, SW14,
SW15, and SW18 are switched from ON to OFF by the
polarity inverting signal POL="L" and the strobe signal
STB="H”. As a result, the output of the first input stage
amplifying part 83 is inputted into the second output stage
amplifying part 86, and then an output OUT2 of the second
output stage amplifying part 86 is connected to the noninvert-
ing input terminal of the first input stage amplifying part 83.
In essence, the first input stage amplifying part 83 and the
second output stage amplifying part 86 from one amplifying
unit of the voltage follower configuration. Additionally, the
second input stage amplifying part 84 and the first output
stage amplifying part 85 form one amplifying unit of the
voltage follower configuration. The switches SW19 and
SW20 are turned ON by the strobe signal STB="L,” and the
output voltages, each corresponding to a video signal, of the
first output stage amplifying part 85 and the second output
stage amplifying part 86 are outputted to the TET 6 of the
liquid crystal panel from the output terminals S1 and S2.
[0073] Afterwards, in a similar manner, the amplifying cir-
cuit5 alternately outputs the grayscale voltages VPx and VINx
corresponding to logic of the video signal for every one hori-
zontal period so that the polarities at S1 and S2 would be
alternated.

[0074] Next, the configuration and operation of the ampli-
fying circuit 5 will be described in more detail using a detailed
circuit diagram thereof shown in FIG. 3.

[0075] First, assume that in one horizontal period, in the
voltage follower connecting and polarity switching part 12,
the switches SW11, SW14, SW15, and SW18 are switched
from OFF to ON, and the switches SW12, SW13, SW16, and
SW17 are switched from ON to OFF by the polarity inverting
signal POL="H" and the strobe signal STB="H”. Further, the
switches SW19 and SW20 are ON during the strobe signal
STB="L.”

[0076] Inthe firstinput stage amplifying part 83, sources of
N channel MOS transistors MN1 and MN2 are connected in
common to form a differential pair. An N channel MOS
transistor MN10 is connected between the differential pair
and a lowest power supply voltage VSS. In the N channel
MOS transistor MN10, a source thereof is connected to the
lowest power supply voltage VSS, a drain thereof is con-
nected to the sources of the N channel MOS transistors MN1
and MN2 connected in common, and a gate thereof is con-
nected to a constant voltage source terminal BN1 to act as a
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constant current source. In P channel MOS transistors MP3
and MP4, sources and gates thereof are respectively con-
nected in common, the sources are connected to a highest
power supply voltage VDD, and the gates are connected to the
drain of the P channel MOS transistor MP3 and the drain of
the N channel MOS transistor MN1. The drain of the P chan-
nel MOS transistor MP4 is connected to the drain of the N
channel MOS transistor MN2.

[0077] Since the switch SW11 is ON and the switch SW13
1s OFF, the drain of the N channel MOS transistor MN2 in the
first input stage amplifying part 83 is connected to a connec-
tion node, point A, for connecting to a drain of a P channel
MOS transistor MP7 and a source of a P channel MOS tran-
sistor MP8 1in the first output stage amplifying part 85.
[0078] In the P channel MOS transistor MP7, a source
thereof is connected to a highest power supply voltage VDD,
a drain thereof is connected to the point A, and a gate thereof
is connected to a constant voltage source terminal BP2 to act
as a constant current source. In an N channel MOS transistor
MN7, a source thereof'is connected to a lowest power supply
voltage VSS, a drain thereof is connected to a point B, and a
gate thereof'is connected to a constant voltage source terminal
BN2 to act as a constant current source. In the P channel MOS
transistor MP8, a gate thereof is connected to a constant
voltage source terminal BP3, a source thereof'is connected to
the drain of the P channel MOS transistor MP7, and a drain
thereof is connected to the drain of the N channel MOS
transistor MN7. In an N channel MOS transistor MN8, a gate
thereof is connected to a constant voltage source terminal
BN3, a source thereof is connected to the drain of the N
channel MOS transistor MN7, and a drain thereof is con-
nected to the drain of the P channel MOS transistor MP7. The
P channel MOS transistor MP8§ and the N channel MOS
transistor MN8 each act as a floating current source. This
floating current source is an AB class output stage controlled
by bias voltages from the constant voltage source terminals
BP3 and BN3, the N channel MOS transistor MN8 and the P
channel MOS transistor MP8. A P channel MOS transistor
MP9 is an output transistor whose source is connected to the
highest power supply voltage VDD, whose gate is connected
to the source of the P channel MOS transistor MP8, and
whose drain is connected to the output terminal OUT1. An N
channel MOS transistor MN9 is an output transistor whose
source is connected to the lowest power supply voltage VSS,
whose gate is connected to the source of the N channel MOS
transistor MN8, and whose drain is connected to the output
terminal OUT1.

[0079] One end of a phase compensation capacitor C1 is
connected to the point A, and the other end thereof is con-
nected to the output terminal QUT1. One end of a phase
compensation capacitor C2 is connected to the point B, and
the other end thereof is connected to the output terminal
OUT1.

[0080] Inordertoachieve a Rail-to-Rail output,an AB class
drain output is configured. The idling current of this AB class
configuration is determined by the floating current sources
(MP8, MNS), the constant voltage source terminals BN3 and
BP3, the P channel MOS transistor MP9, and the N channel
MOS transistor MN9.

[0081] Since the switch SW15 is ON and the switch SW17
is OFF, the output terminal OUT1 is connected to the gate of
the N channel MOS transistor MNT1 that is an inverting input
of the first input stage amplifying part 83 to form a feedback
circuit, thus providing a voltage follower configuration. The
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AB class amplifying circuit having the voltage follower con-
figuration obtains high input impedance and low output
impedance. Impedance conversion of the grayscale voltage
VPx is performed, the grayscale voltage VPx being received
from the input terminal I1 that is connected to the gate of the
N channel MOS transistor MN2, and the resultant voltage is
outputted from the output terminal S1 through the switch
SW19 (turned ON by the STB="L").

[0082] Inthesecondinputstage amplifying part 84, sources
of P channel MOS transistors MP1 and MP2 are connected in
common to form a differential pair. A P channel MOS tran-
sistor MP10 is connected between the differential pair and a
highest power supply voltage VDD. In the P channel MOS
transistor MP10, a source thereof is connected to the highest
power supply voltage VDD, a drain thereof’is connected to the
sources of the P channel MOS transistors MP1 and MP2
connected in common, and a gate thereof is connected to a
constant voltage source terminal BP1 to act as a constant
current source. In N channel MOS transistors MN3 and MN4,
sources and gates thereof are respectively connected in com-
mon, the sources are connected to a lowest power supply
voltage VSS, and the gates are connected to the drain of the N
channel MOS transistor MN3 and the drain of the P channel
MOS transistor MP1. The drain of the N channel MOS tran-
sistor MN4 is connected to the drain of the P channel MOS
transistor MP2. Since the switch SW14 of the voltage fol-
lower connecting and polarity switching part 12 is ON and the
switch SW12 thereof is OFF, the drain of the P channel MOS
transistor MP2 is connected to a connection node, point B, for
connecting to a drain of an N channel MOS transistor MN7
and a source of an N channel MOS transistor MN8 in the
second output stage amplifying part 86.

[0083] InaP channel MOS transistor MP7, a source thereof
is connected to a highest power supply voltage VDD, a drain
thereof is connected a point A, and a gate thereofis connected
to a constant voltage source terminal BP2 to act as a constant
current source. In the N channel MOS transistor MN7, a
source thereof is connected to a lowest power supply voltage
VSS, a drain thereof is connected to the point B, and a gate
thereof is connected to a constant voltage source terminal
BN2 to act as a constant current source.

[0084] InaP channel MOS transistor MP8, a gate thereof'is
connected to a constant voltage source terminal BP3, a source
thereof is connected to the drain of the P channel MOS tran-
sistor MP7, and a drain thereof is connected to the drain of the
N channel MOS transistor MN7. In the N channel MOS
transistor MNS, a gate thereof is connected to a constant
voltage source terminal BN3, a source thereofis connected to
the drain of the N channel MOS transistor MN7, and a drain
thereof is connected to the drain of the P channel MOS tran-
sistor MP7. The P channel MOS transistor MP8 and the N
channel MOS transistor MN8 each act as a floating current
source. This floating current source is an AB class output
stage controlled by bias voltages from the constant voltage
source terminals BP3 and BN3, the N channel MOS transistor
MNS8 and the P channel MOS transistor MP$.

[0085] A P channel MOS transistor MP9 is an output tran-
sistor whose source is connected to the highest power supply
voltage VDD, whose gate is connected to the source of the P
channel MOS transistor MP8, and whose drain is connected
to the output terminal OUT2. An N channel MOS transistor
MN9 is an output transistor whose source is connected to the
lowest power supply voltage VSS, whose gate is connected to

Feb. 12,2009

the source of the N channel MOS transistor MN8, and whose
drain is connected to the output terminal OUT2.

[0086] One end of a phase compensation capacitor C1 is
connected to the point A, and the other end thereof is con-
nected to the output terminal OUT2. One end of a phase
compensation capacitor C2 is connected to the point B, and
the other end thereof is connected to the output terminal
OUT2.

[0087] Inordertoachieve a Rail-to-Rail output, an AB class
drain output is formed. The idling current of this AB class
configuration is determined by the floating current sources
(MP8, MN8), the constant voltage source terminals BN3 and
BP3, the P channel MOS transistor MP9, and the N channel
MOS transistor MN9.

[0088] Since the switch SW18 is ON and the switch SW16
is OFF, the output terminal OUT?2 is connected to the gate of
the P channel MOS transistor MP1 that is an inverting input of
the second input stage amplifying part 84 to form a feedback
circuit, thus providing a voltage follower configuration. The
AB class amplifying circuit having the voltage follower con-
figuration obtains high input impedance and low output
impedance. Impedance conversion of the grayscale voltage
VNx is performed, the grayscale voltage VNX being received
from the input terminal 12 that is connected to the gate of the
P channel MOS transistor MP2, and the resultant voltage is
outputted from the output terminal S2 through the switch
SW20 (turned ON by the STB="L").

[0089] In the next one horizontal period, assume that the
switches SW12, SW13, SW16, and SW17 are switched from
OFF to ON, and the switches SW11, SW14, SW15, and
SW18 are switched from ON to OFF by the polarity inverting
signal POL="L" and the strobe signal STB="H”. Further, the
switches SW19 and SW20 are ON during the strobe signal
STB="L".

[0090] Here, since the configuration of the first input stage
amplifying part 83, the second input stage amplifying part 84,
the first output stage amplifying part 85 and the second output
stage amplifying part 86 is the same as the above description,
detailed description thereof will be omitted.

[0091] When the switch SW13 is turned ON and the switch
SW11 is turned OFF, the drain of the N channel MOS tran-
sistor MN2 in the first input stage amplifying part 83 is
connected to the point A connecting to the drain of the P
channel MOS transistor MP7 and the source of the P channel
MOS transistor MP8 in the second output stage amplifying
part 86.

[0092] Moreover, since the switch SW16 is ON and the
switch SW18 is OFF, the output terminal OUT?2 is connected
to the gate of the N channel MOS transistor MN1 that is an
inverting input of the first input stage amplifying part 83 to
form a feedback circuit, thus providing a voltage follower
configuration. The AB class amplifying circuit having the
voltage follower configuration obtains high input impedance
and low output impedance. The grayscale voltage VPx input-
ted into the input terminal I1 is outputted from the output
terminal S2 through the switch SW20 (turned ON by the
STB="L").

[0093] Since the switch SW12 is ON and the switch SW14
1s OFF, the drain of the P channel MOS transistor MP2 of the
second input stage amplifying part 84 is connected to the
point B connecting to the drain of the N channel MOS tran-
sistor MN7 and the source of N channel MOS transistor MN8
in the first output stage amplifying part 85.
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[0094] Moreover, since the switch SW17 is ON and the
switch SW15 is OFF, the output terminal OUT1 is connected
to the gate of the P channel MOS transistor MP1 that is an
inverting input of the second input stage amplifying part 84 to
form a feedback circuit, thus providing a voltage follower
configuration. The AB class amplifying circuit having the
voltage follower configuration obtains high input impedance
and low output impedance. The grayscale voltage VNx input-
ted into the input terminal 12 is outputted from the output
terminal S1 through the switch SW19 (turned ON by the
STB="L").

[0095] FIG. 4 shows another circuit diagram of the output
stage amplifving part according to Embodiment 1 of the
present invention. What is different from Embodiment 1 of
the present invention shown in FIG. 3 is only an output stage
amplifying part, and other configuration of the first input
stage amplifying part 83, the second input stage amplifying
part 84, the voltage follower connecting and polarity switch-
ing part 12, and the output switching part 9 is basically the
same. Specifically, in the configuration shown in FIG. 4, the
first output stage amplifying part 85 and the second output
stage amplifying part 86 of FIG. 3 are replaced with a first
output stage amplifying part 85 and a second output stage
amplifying part 86 of FIG. 4. In FIG. 4, since the first output
stage amplifying part 85 and the second output stage ampli-
fying part 86 have the same functional configuration, only one
configuration is shown.

[0096] Since the switching of the voltage follower connect-
ing and polarity switching part 12 in accordance with the
polarity inverting signal POL and the strobe signal STB
inputted from the outside are performed in the same manner
as in the case of Embodiment 1 shown in FIG. 3, description
will be omitted.

[0097] The output stage amplifying part includes an N
channel MOS transistor MN9 with a source follower configu-
ration and a P channel MOS transistor MP9 with a source
follower configuration. Gates of both of the transistors MN9
and MP9 are connected in common to a point A and a point B
that are input terminals of the input stage amplifying part (first
input stage amplifying part 83 or second input stage ampli-
fying part 84). Sources of both of the transistors MN9 and
MP9 are connected in common to an output terminal OUT
(OUT1 or OUT2) A drain of the N channel MOS transistor
MN9 is connected to a highest power supply voltage VDD,
and a drain of the P channel MOS transistor MP9 is connected
to a lowest power supply voltage VSS. Since the output ter-
minal OUT (OUT1 or OUT2) is connected to an inverting
input terminal of the input stage amplifying part, a signal
from the output terminal OUT (OUT1 or OUT2) is fed back
to the inverting input terminal of the input stage amplifying
part (first input stage amplifving part 83 or second input stage
amplifying part 84). Thereby, the amplifying circuit 5 can
perform a class B push-pull amplification.

[0098] FIG. 5 shows still another circuit diagram of an
output stage amplifying part of the amplifying part according
to Embodiment 1 of the present invention. The output stage
amplifying part of the amplifying part also includes an N
channel MOS transistor MN9 with a source follower configu-
ration and a P channel MOS transistor MP9 with a source
follower configuration, and further includes a first current
source Ic1, a second current source Ic2, and a voltage source
Ve.

[0099] Intheoutput stage amplifying part of the amplifying
part, since the first output stage amplifying part 85 and the
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second output stage amplifying part 86 also have basically the
same configuration, only one configuration is shown.

[0100] Additionally, since the switching of the voltage fol-
lower connecting and polarity switching part 12 in accor-
dance with the polarity inverting signal POL and the strobe
signal STB inputted from the outside are performed in the
same manner as in the case of Embodiment 1 shown in FIG.
3, description will be omitted.

[0101] The configuration will be described. The gate of the
N channel MOS transistor MN9 is connected to one end of the
first current source Icl, an input terminal, point A, and one
end of the voltage source Ve. The other end of first current
source Ic1 is connected to a highest power supply voltage
VDD. The gate of the P channel MOS transistor MP9 is
connected to one end of the second current source Ic2, an
input terminal, point B, and the other end of the voltage
source Vc. The other end of the second current source Ic2 is
connected to a lowest power supply voltage VSS. The sources
of MN9 and MP9 are connected in common to an output
terminal OUT (OUT1 or OUT2). The circuit illustrated in
FIG. 3 may be used for the first current source Ic1, the second
current source Ic2, and the voltage source Ve.

[0102] Since the output terminal OUT (OUT1 or OUT2) is
connected to an inverting input terminal of the input stage
amplifying part (first input stage amplifying part 83 or second
input stage amplifying part 84), a signal from the output
terminal OUT (OUT1 or OUT2) is fed back to the inverting
input terminal of the input stage amplifying part (first input
stage amplifying part 83 or second input stage amplifying
part 84). Thereby, the amplifying circuit 5 can perform a class
A or class AB push-pull amplification.

[0103] Since the output stage amplifying parts in the
examples of FIGS. 4 and 5 include the N channel MOS
transistor MN9 with the source follower configuration and the
P channel MOS transistor MP9 with the source follower
configuration, the phase compensation capacitor C1 and
phase compensation capacitor C2 needed in the amplifying
circuit 5 of FIG. 3 are unnecessary.

[0104] FIG. 6 shows a specific circuit diagram of an ampli-
fying circuit 5 according to Embodiment 2 of the present
invention. Configurations of the first input stage amplifying
part 83, the second input stage amplifying part 84, the voltage
follower connecting and polarity switching part 12, and the
output switching part 9 are basically the same as Embodiment
1 of the present invention of FIG. 3. As compared with
Embodiment 1 of the present invention of FIG. 3, the output
stage amplifying part has a configuration in which a phase
compensation capacitance switching part 13 consisting of
switches SW21, SW22, SW23, and SW24 is added, and the
phase compensation capacitor C2 is eliminated.

[0105] Next, operation of the amplifying circuit 5 accord-
ing to Embodiment 2 will be described. However, the con-
figurations of the first input stage amplifying part 83, the
second input stage amplifying part 84, the voltage follower
connecting and polarity switching part 12, and the output
switching part 9 are the same as the amplifying circuit §
according to Embodiment 1 of FIG. 3. Such being the case,
operations in these portions are similar. Thus, detailed
description thereof will be omitted, and only the phase com-
pensation capacitance switching part 13 and a phase compen-
sation capacitor C1 will be described.

[0106] A first output stage amplifying part 85 and a second
output stage amplifying part 86 operate so that ON/OFF state
of the switches in one output stage amplifying part may be
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opposite to the other output stage amplifving part. Specifi-
cally, the switches SW21 and SW23 of a phase compensation
capacitance switching part 13 of the first output stage ampli-
fying part 85 are switched from OFF to ON, and the switches
SW22 and SW24 are switched from ON to OFF, while the
switches SW21 and SW23 of a phase compensation capaci-
tance switching part 13 of the second output stage amplifying
part 86 are switched from ON to OFF, and the switches SW22
and SW24 are switched from OFF to ON, when a polarity
inverting signal POL="H" and a strobe signal STB="H".
Alternatively, the switches SW21 and SW23 of the phase
compensation capacitance switching part 13 of the first out-
put stage amplifying part 85 are switched from ON to OFF,
and the switches SW22 and SW24 are switched from OFF to
ON, while the switches SW21 and SW23 of the phase com-
pensation capacitance switching part 13 of the second output
stage amplifying part 86 are switched from OFF to ON, and
the switches SW22 and SW24 are switched from ON to OFF,
when the polarity inverting signal POL="L" and the strobe
signal STB="H".

[0107] In one horizontal period, as described in Embodi-
ment 1 of FIG. 3, impedance conversion of a grayscale volt-
age VPx received from an input terminal 11 is performed in
the first output stage amplifying part 85 in accordance with
the polarity inverting signal POL="H" and the strobe signal
STB=“H,” and the resultant voltage is outputted from an
output terminal S1 through a switch S19. Here, since the
switches SW21 and SW23 of the phase compensation capaci-
tance switching part 13 are turned ON, the phase compensa-
tion capacitor C1 is connected between an output OUT1 and
a point A. Similarly, impedance conversion of a grayscale
voltage VNx received from an input terminal 12 is performed
in the second output stage amplifying part 86, and the result-
ant voltage is outputted from an output terminal S2 through a
switch SW20. Here, since the switches SW22 and SW24 of
the phase compensation capacitance switching part 13 are
turned ON, the phase compensation capacitor C1 is con-
nected between an output OUT2 and a point B. Thereby, each
phase compensation capacitor C1 in the first output stage
amplifying part 85 and the second output stage amplifying
part 86 functions as a phase compensation capacitor.

[0108] In the next one horizontal period, as described in
Embodiment 1 of FIG. 3, impedance conversion of the gray-
scale voltage VNx received from the input terminal 12 is
performed in the first output stage amplifying part 85 in
accordance with the polarity inverting signal POL="L" and
the strobe signal STB="H,” and the resultant voltage is out-
putted from the output terminal S1 through the switch SW19.
Here, since the switches SW22 and SW24 of the phase com-
pensation capacitance switching part 13 are turned ON, the
phase compensation capacitor C1 is connected between the
output OUT1 and the point B. Similarly, impedance conver-
sion of the grayscale voltage VPx received from the input
terminal I1 is performed in the second output stage amplify-
ing part 86, and the resultant voltage is outputted from the
output terminal S2 through the switch SW20. Here, since the
switches SW21 and SW23 of the phase compensation capaci-
tance switching part 13 are turned ON, the phase compensa-
tion capacitor C1 is connected between the output OUT2 and
the point A. Thereby, each phase compensation capacitor C1
in the first output stage amplifying part 85 and the second
output stage amplifying part 86 functions as a phase compen-
sation capacitor.
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[0109] As has been described above, in the amplifying cir-
cuit 5 according to Embodiment 2 of the present invention
shown in FIG. 6, as compared with Embodiment 1 of the
present invention in FIG. 3, by switching the switches at the
time of outputting the grayscale voltage VPx and at the time
of outputting the grayscale voltage VNx in accordance with
the external signals (polarity inverting signal POL="L" and
strobe signal STB="H"), each of the output terminals S1 and
S2 uses one phase compensation capacitor C1 instead of
using two phase compensation capacitors C1 and C2. Thus,
even if the phase compensation capacitance switching part 13
consisting of aminimum transistor is added, further reduction
in the area can be expected as compared to the case of using
two phase compensation capacitors in Embodiment 1 of the
present invention in FIG. 3.

[0110] The P channel MOS transistor MP9 and the N chan-
nel MOS transistor MN9 that are output transistors of the first
output stage amplifying part 85 and the second output stage
amplifying part 86 each have been described as a single
transistor from FIG. 3 through FIG. 6. However, output tran-
sistors are not particularly limited thereto, and may be those
that operate as a transistor of the same function as a whole
such as transistors of a same conductivity type connected in
parallel.

[0111] FIG. 7 is a block diagram of an amplifying circuit 5
according to Embodiment 3 of the present invention. In the
amplifying circuit 5 according to Embodiment 3, multiple
positive polarity grayscale voltages (VPx, VPx+1) and mul-
tiple negative polarity grayscale voltages (VNX, VNx+1)
from a DA converter 3 are inputted from terminals 11, 13, 12,
and 14 of the amplifying circuit 5, respectively.

[0112] The amplifying circuit 5 of FIG. 7 into which the
grayscale voltages are inputted from the four terminals I1, 13,
12, and 14 includes: a voltage follower 8 consisting of an input
stage amplifying part 87 (consisting of four input stage ampli-
fying parts, N1, N2, N3, and N4), a voltage follower connect-
ing and polarity switching part 12, an output stage amplifying
part 88 (consisting of four output stage amplifying parts, L1,
L2,L3, and L4); and an output switching part 9.

[0113] For example, in the amplifying circuit 5 of FIG. 7,
the voltage follower connecting and polarity switching part
12 is controlled by a polarity inverting signal POL and a
strobe signal STB inputted from the outside so that in a first
frame, a pair of an input stage amplifying part N1 and an
output stage amplifying part LI, a pair of an input stage
amplifying part N2 and an output stage amplifying part .2, a
pair of an input stage amplifying part N3 and an output stage
amplifying part L3, and a pair of an input stage amplifying
part N4 and an output stage amplifying part [.4 would respec-
tively form a voltage follower. Then, analog signals inputted
into the amplifying circuit 5 from the DA converter 3 through
the terminals 11, 12, I3, and 14 are outputted to terminals S1,
S2, S3, and S4, respectively.

[0114] In asecond frame, the voltage follower connecting
and polarity switching part 12 is controlled so that a pair of the
input stage amplifying part N1 and the output stage amplify-
ing part [.2, a pair of the input stage amplifying part N2 and
the output stage amplifying part 1.3, a pair of the input stage
amplifying part N3 and the output stage amplifying part 1.4,
and a pair of the input stage amplifying part N4 and the output
stage amplifying part L1 would respectively form a voltage
follower. Then, analog signals inputted into the amplifying
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circuit 5 from the DA converter 3 through the terminals I1, 12,
13, and 14 are outputted to the terminals S2, S3, S4, and S1,
respectively.

[0115] Inathirdframe, the voltage follower connecting and
polarity switching part 12 is controlled so that a pair of the
input stage amplifying part N1 and the output stage amplify-
ing part .3, a pair of the input stage amplifying part N2 and
the output stage amplifying part L4, a pair of the input stage
amplifying part N3 and the output stage amplifying part L1,
and a pair of the input stage amplifying part N4 and the output
stage amplifying part L2 would respectively form a voltage
follower. Then, analog signals inputted into the amplifying
circuit 5 from the DA converter 3 through the terminals I1, 12,
13, and 14 are outputted to the terminals S3, S4, S1, and S2,
respectively.

[0116] In a fourth frame, the voltage follower connecting
and polarity switching part 12 is controlled so that a pair of the
input stage amplifying part N1 and the output stage amplify-
ing part .4, a pair of the input stage amplifying part N2 and
the output stage amplifying part L1, a pair of the input stage
amplifying part N3 and the output stage amplifying part 1.2,
and a pair of the input stage amplifying part N4 and the output
stage amplifying part L3 would respectively form a voltage
follower. Then, the analog signals inputted into the amplify-
ing circuit 5 from the DA converter 3 through the terminals I1,
12,13, and 14 are outputted to the terminals S4, S1, S2, and S3,
respectively.

[0117] Description has been given using the input stage
amplifying part 87 consisting of the four input stage ampli-
fying parts N1 to N4 and the output stage amplifying part 88
consisting of the four output stage amplifying parts L1 to L4.
However, the number and sequence of combination of the
input stage amplifying part 87 and the output stage amplify-
ing part 88 when switching the frame are merely an example
for description, and will not be limited to this.

[0118] As has been described above, in the existing ampli-
fying circuit 5 and display unit, in the case of a technique of
providing the polarity switching part in a preceding stage of
the voltage follower, the input stage of the amplifying circuit
5 needs to have the Rail-to-Rail property, and thus reduction
in the area and reduction in the power consumption are pre-
vented. In the case of a technique of providing the polarity
switching part in a subsequent stage of the voltage follower,
there is a tendency of increasing the area with enlargement of
the screen size of the liquid crystal panel and high speed
driving in recent years. Additionally, in order to switch the
polarity switching part, it is necessary to build up and control
complicated logic.

[0119] In the amplifying circuit 5 and display unit (for
example, liquid crystal display) according to the present
invention, the voltage follower is divided into components
including the input stage amplifying part for high voltage, the
input stage amplifying part for low voltage, and the multiple
output stage amplifying parts. Then, an output relationship of
the multiple output stage amplifying parts is changed depend-
ing on a control signal without changing an input relationship
between the input stage amplifying part for high voltage and
the input stage amplifying part for low voltage. Additionally,
when the input stage amplifying part and the output stage
amplifying part form one amplifying circuit, the switches are
switched so that the amplifying circuit may form the voltage
follower configuration. Accordingly, the input stage amplify-
ing part does not need to have the Rail-to-Rail property. Thus,
as compared with the technique of providing the polarity
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switching part 10 in a preceding stage of the voltage follower
8, reduction in the area and reduction in the power consump-
tion can be attained. Moreover, as compared with the tech-
nique of providing the polarity switching and output switch-
ing part 11 in a subsequent stage of the voltage follower 8,
reduction in the area can be attained, and it is not necessary to
build up and control the complicated logic to switch the
polarity.

[0120] A MOS transistor of the minimum size can be used
for the switch of the voltage follower connecting and polarity
switching part 12 according to the amplifying circuit 5 of the
present invention. The size of the switch is approximately 3o
compared with that of the polarity switching and output
switching part 11 provided in a subsequent stage of the volt-
age follower. Thus, even when the number of switches
increases by the voltage follower connecting and polarity
switching part 12, increase in the number of switches does not
cause increase in the area as compared with the conventional
art.

[0121] The voltage follower connecting and polarity
switching part 12 of the present invention may also serve as a
switch for space offset cancellation that cancels fluctuation in
the transistors that form the amplifying circuit 5.

[0122] While the first output stage amplifying part 85 and
the second output stage amplifying part 86 have the same
circuit configuration in the description above, naturally, the
first output stage amplifying part 85 and the second output
stage amplifying part 86 may have different circuit configu-
rations from each other.

[0123] In the amplifying circuit 5 of an AB class drain
output, control of the phase compensation capacitance
switching part 13 in accordance with the external signal
allows phase compensation by using one phase compensation
capacitor, thus enabling further reduction in the area.

[0124] While the embodiments of the present invention
have been described in detail above, a specific configuration
is not limited to those in the above-mentioned embodiments.
The present invention also includes modifications without
deviating from the scope of the present invention. While the
amplifying circuit 5 according to the present embodiments
forms the voltage follower that drives the data line in the
liquid crystal display in the above-mentioned description,
naturally, the present invention is not limited to this. The
amplifying circuit 5 may be used for other apparatuses, and
may also be used in aspects other than the voltage follower.

What is claimed is:

1. An amplifying circuit, comprising:

a first input stage amplifying part that receives a first input
signal only at a transistor differential pair of a first con-
ductivity type;

a second input stage amplifying part that receives a second
input signal different from the first input signal only ata
transistor differential pair of a second conductivity type;

first and second output stage amplifying parts; and

a switching circuit that switches connections of the first
input stage amplifying part and the second input stage
amplifying part, with the first and second output stage
amplifying parts, on the basis of external control signals.

2. An amplifying circuit that applies a voltage in a range

from a first supply voltage to a second supply voltage higher
than the first supply voltage, comprising:

a first input stage amplifying part consisting of a transistor
differential pair of a first conductivity type;
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a second input stage amplifying part consisting of a tran-
sistor differential pair of a second conductivity type;
first and second output stage amplifying parts; and
aswitching circuit that switches a connection of each of the
first input stage amplifying part and the second input
stage amplifying part, between the first and second out-
put stage amplifying parts, on the basis of external con-
trol signals, wherein
the first input stage amplifying part performs amplifying
operation on a voltage if the voltage is approximately in
a range from the second supply voltage, to a voltage
obtained by adding the first supply voltage to a threshold
voltage of a transistor that forms the transistor differen-
tial pair of the first conductivity type, and does not per-
form the amplifying operation if the voltage is out of the
range,
the second input stage amplifving part performs amplify-
ing operation on avoltageifthe voltage is approximately
in a range from the first supply voltage, to a voltage
obtained by subtracting the second supply voltage by a
threshold voltage of a transistor that forms the transistor
differential pair of the second conductivity type, and
does not perform the amplifying operation if the voltage
is out of the range.
3. The amplifying circuit according to any one of claims 1
wherein
in response to an operation of the switching circuit,
in a first state, an output of the first input stage amplifying
part isinputted into the first output stage amplifying part,
and an output of the second input stage amplifying part
1s inputted into the second output stage amplifying part,
and
in a second state, an output of the first input stage ampli-
fying part is inputted into the second output stage ampli-
fying part, and an output of the second input stage ampli-
fying part is inputted into the first output stage
amplifying part.
4. The amplifying circuit according to claim 3, wherein
in response to an operation of the switching circuit, two
voltage followers are formed in each of the first and
second states, in a way that:
in the first state, the output of the first output stage ampli-
fying part is fed back to a second input terminal of the
first input stage amplifying part that is different from an
input terminal for receiving the input signal, and the
output of the second output stage amplifying part is fed
back to a second input terminal of the second input stage
amplifying part that is different from an input terminal
for receiving the input signal; and
in the second state, the output of the first output stage
amplifying part is fed back to the second input terminal
of the second input stage amplifying part, and the output
of the second output stage amplifying part is fed back to
the second input terminal of the first input stage ampli-
fying part.
5. The amplifying circuit according to any one of claims 1
wherein
the first input stage amplifying part consists of a differen-
tial pair of N channel MOS transistors, and the second
input stage amplifying part consists of a differential pair
of P channel MOS transistors.
6. The amplifying circuit according to any one of claims 1
wherein

11
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in response to an operation of the switching circuit, the first
output stage amplifying part and the second output stage
amplifying part switch and output signals with polarities
different from each other from the respective output
terminals.

7. The amplifying circuit according to any one of claims 2

wherein

each of the first and second output stage amplifying parts
consists of a pair of a transistor of the first conductivity
type and a transistor of the second conductivity type
connected in series between the first supply voltage and
the second supply voltage.

8. The amplifying circuit according to any one of claims 1

wherein

the external control signals are a polarity inverting signal
POL and a strobe signal STB.

9. The amplifying circuit according to any one of claims 1

further comprising

a second switching circuit that switches configurations of
the first output stage amplifying part and the second
output stage amplifying part, on the basis of the external
control signals.

10. The amplifying circuit according to any one of claims

1 wherein

each of the first and second output stage amplifying parts is
capable of outputting both a voltage in an output voltage
range of the first input stage amplifying part, and a
voltage in an output voltage range of the second input
stage amplifying part.

11. An amplifying circuit, comprising:

a plurality of first input stage amplifying parts each of
which receives a first input signal only at a transistor
differential pair of a first conductivity type;

a plurality of second input stage amplifying parts each of
which receives a second input signal different from the
first input signal only at a transistor differential pair of a
second conductivity type;

a plurality of first and second output stage amplifying
parts; and

a switching circuit that switches connection of each of the
plurality of first input stage amplifying parts and the
plurality of second input stage amplifying parts, withthe
plurality of first and second output stage amplifying
parts, on the basis of external control signals.

12. An amplifying circuit that applies a voltage in a range
from a first supply voltage to a second supply voltage higher
than the first supply voltage, comprising:

a plurality of first input stage amplifying parts each con-
sisting of a transistor differential pair of a first conduc-
tivity type;

a plurality of second input stage amplifying parts each
consisting of a transistor differential pair of a second
conductivity type;

a plurality of first and second output stage amplifying
parts; and

aswitching circuit that switches a connection of each of the
plurality of first input stage amplifying parts and the
plurality of second input stage amplifying parts,
between the plurality of first and second output stage
amplifying parts, on the basis of external control signals,
wherein

the plurality of first input stage amplifying parts each per-
form amplifying operation on a voltage if the voltage is
approximately in a range from the second supply volt-
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age, to a voltage obtained by adding the first supply
voltage to a threshold voltage of a transistor that forms
the transistor differential pair of the first conductivity
type, and does not perform the amplifying operation if
the voltage is out of the range,

the plurality of second input stage amplifying parts each
perform amplifying operation on a voltage if the voltage
1s approximately in a range from the first supply voltage,
to a voltage obtained by subtracting the second supply
voltage by a threshold voltage of a transistor that forms
the transistor differential pair of the second conductivity
type, and does not perform the amplifying operation if
the voltage is out of the range.

13. A display unit on which an amplifying circuit is

mounted, the amplifying circuit comprising:

a first input stage amplifying part that receives a first input
signal only at a transistor differential pair of a first con-
ductivity type;

asecond input stage amplifying part that receives a second
input signal different from the first input signal only at a
transistor differential pair of a second conductivity type;

first and second output stage amplifying parts; and

a switching circuit that switches connections of the first
input stage amplifying part and the second input stage
amplifying part, with the first and second output stage
amplifying parts, on the basis of external control signals.

14. A display unit on which an amplifying circuit is

mounted, the amplifying circuit applying a voltage in a range
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from a first supply voltage to a second supply voltage higher
than the first supply voltage, the amplifving circuit compris-
ing:
a first input stage amplifying part consisting of a transistor
differential pair of a first conductivity type;
a second input stage amplifying part consisting of a tran-
sistor differential pair of a second conductivity type;
first and second output stage amplifying parts; and
aswitching circuit that switches a connection of each of the
first input stage amplifying part and the second input
stage amplifying part, between the first and second out-
put stage amplifying parts, on the basis of external con-
trol signals, wherein
the first input stage amplifying part performs amplifying
operation on a voltage if the voltage is approximately in
a range from the second supply voltage, to a voltage
obtained by adding the first supply voltage to a threshold
voltage of a transistor that forms the transistor differen-
tial pair of the first conductivity type, and does not per-
form the amplifying operation if the voltage is out of the
range,
the second input stage amplifying part performs amplify-
ing operationon avoltageif the voltage is approximately
in a range from the first supply voltage, to a voltage
obtained by subtracting the second supply voltage by a
threshold voltage of a transistor that forms the transistor
differential pair of the second conductivity type, and
does not perform the amplifying operation if the voltage
is out of the range.
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