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DISPLAY APPARATUS, SOURCE DRIVER,
AND DISPLAY PANEL DRIVING METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play apparatus, a driver for a liquid crystal display panel, and
a liquid crystal display panel driving method. More particu-
larly, the present invention relates to a technique for suppress-
ing quality deterioration of a display image which is caused
by an offset voltage of an amplifier integrated in a driver of the
liquid crystal display panel.

[0003] 2. Description of the Related Art

[0004] One of technologies, which are most widely used to
drive a liquid crystal display panel, is an inversion drive
method. The inversion drive method is one involving invert-
ing the polarity of a data signal supplied to a data line (signal
line) at predetermined spatial cycles and time cycles in order
to prevent the so-called burn-in phenomenon. Note that, in
this specification, the polarity of a data signal is defined
relative to a voltage level (common voltage) of a common
electrode of the liquid crystal display panel. When a data
signal has a signal level higher than a common voltage
VCOM, the polarity of the data signal is defined as a “posi-
tive” polarity. In contrast to this, when a data signal has a
signal level lower than the common voltage VCOM, the
polarity of the data signal is defined as a “negative” polarity.
The inversion drive method involves reducing a direct current
component of a voltage applied to a liquid crystal capacitor of
a pixel to effectively prevent the occurrence of the burn-in
phenomenon.

[0005] In the inversion drive, various cycles for inverting
the polarity of the data signal may be selected. In a dot
inversion drive method which is one of the most typical
examples of the inversion drive method, data signals whose
polarities are opposite to each other are written into adjacent
pixels in any one of the vertical direction and the horizontal
direction. That is, in the dot inversion drive method, the
polarity of the data signal is inverted for each pixel in any one
of the vertical direction and the horizontal direction. When a
large-size liquid crystal display panel is driven, in many
cases, although the polarity of the data signal in the horizontal
direction is inverted for each pixel, the polarity of the data
signal in the vertical direction is inverted every two pixels. In
this specification, the inversion drive method in which a
cycle, at which the polarity of the data signal in the vertical
direction is inverted, corresponds to a-pixel(s) is referred to
as an oH inversion drive method. For example, the inversion
drive method of inverting the polarity of the data signal in the
vertical direction for each pixel (as in the dot inversion drive
method) is described as a 1H inversion drive method. In
addition, the inversion drive method of inverting the polarity
of the data signal in the vertical direction every two pixels (as
in the dot inversion drive method) is described as a 2H inver-
sion drive method.

[0006] The data signal is normally generated as follows. A
driver for generating a data signal (which is often called a
source driver) includes a grayscale voltage generating circuit,
a D/A converter, and an output amplifier, which are integrated
therein. The grayscale voltage generating circuit generates a
set of grayscale voltages having voltage levels respectively
corresponding to grayscale levels which a pixel can express.
The D/A converter selects a target grayscale voltage from the
set of grayscale voltages based on display data and outputs the
selected grayscale voltage to the output amplifier. The display
data is data indicating a grayscale level of a pixel to be driven.
The output amplifier outputs, to a data line, a data signal
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having a voltage level equal to the grayscale voltage supplied
from the D/A converter. A differential amplifier in which an
output terminal of an output stage thereof is connected with
one of two input terminals of an input differential stage
thereof, that is, a voltage follower is used as the output ampli-
fier in many cases.

[0007] Ingeneral,inorder to generate the grayscale voltage
in the grayscale voltage generating circuit, a resistance ladder
and an amplifier (operational amplifier) for supplying a bias
voltage to the resistance ladder are used. A set of grayscale
voltages are generated by dividing the bias voltage by the
resistance ladder. The bias voltage outputted from the ampli-
fier connected with the resistance ladder is determined such
that the grayscale voltage becomes a voltage level reflecting a
y-curve of the liquid crystal display panel. Therefore, the
amplifier connected with the resistance ladder is often called
ay-amplifier. In many cases, a voltage follower is used as the
y-amplifier.

[0008] A problem regarding the driver of the liquid crystal
display panel is that the amplifier integrated therein has an
offset voltage and thus a voltage actually outputted from the
amplifier may be different from a target value. For example,
when the output amplifier has the offset voltage, the voltage
level of the data signal is deviated from the target value, so a
voltage written into the pixel is deviated from the target value.
This causes an actual grayscale level of the pixel to be differ-
ent from a target grayscale level to deteriorate the quality of
animage. In particular, when the offset voltage varies for each
amplifier, an offset problem is serious. This is because a
variation in offset voltage is recognized by the human eye as
longitudinal streak-like unevenness extending in a data line
direction. Similarly, when the y-amplifier has the offset volt-
age, the actual grayscale level of the pixel is deviated from the
target grayscale level to deteriorate the quality of the image.

[0009] An effective method of avoiding the problem of the
offset voltage of the amplifier is that the polarity of the off set
voltage is inverted at appropriate cycles. Note that, in this
specification, the polarity of the offset voltage means a mag-
nitude relationship between a voltage desired to be outputted
from the amplifier (hereinafter, referred to as “target volt-
age”) and a voltage actually outputted from the amplifier
(hereinafter, referred to as “actual voltage™) and thus is dif-
ferent in concept from the polarity of the data signal. When
the polarity of the offset voltage is inverted at appropriate
cycles, it is possible to prevent the influence of the offset
voltage from being sensed by the visual sense of human.
Hereinafter, when the actual voltage is higher than the target
voltage, the polarity of the offset voltage may be referred to as
the “positive polarity”. In addition, when the actual voltage is
lower than the target voltage, the polarity of the offset voltage
may be referred to as the “negative polarity”.

[0010] As compared with a reduction in offset voltage, it is
technically easy to invert the polarity of the offset voltage.
This is a more practical approach. The offset voltage of the
amplifier is caused mainly by a variation between threshold
voltages of a pair of MOS transistors included in the input
differential stage and a variation between threshold voltages
of a pair of MOS transistors included in an active load (for
example, a current mirror circuit) connected with the input
differential stage. Therefore, for example, when a connection
relationship between the input terminal of the amplifier and
the pair of MOS transistors included in the input differential
stage and a connection relationship between the pair of MOS
transistors included in the active load are changed, the polar-
ity of the offset voltage can be inverted while the offset
voltage is maintained at the same amplitude.
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[0011] To be more specific, a technique for alternately
using a pair of MOS transistors of an offset input differential
stage at a cycle corresponding to four frame periods to invert
the polarity of the offset voltage, thereby avoiding the prob-
lem of the offset voltage is disclosed in JP 11-305735 A (see,
for example, paragraph [0125]).

[0012] A technique for inverting the polarity of the offset
voltage every predetermined number of lines during a prede-
termined number of frame periods, thereby avoiding the
problem of the offset voltage is disclosed in JP 2002-108303
A. JP 2002-108303 A discloses, for example, that, when a
frame period includes eight lines, the polarity of the offset
voltage is inverted every seven horizontal lines to cancel the
offset voltage at a cycle corresponding to 14 frame periods.

[0013] In order to further improve the image quality, as
disclosed in JP 11-249623 A, it is suitable to invert the polar-
ity of the offset voltage every predetermined number of hori-
zontal lines during each frame period. JP 11-249623 A dis-
closes a technique for inverting the polarity of the offset
voltage every n-horizontal lines during each frame period and
every n-frame periods, thereby avoiding the problem of the
offset voltage. JP 11-249623 A further discloses a source
driver for generating control signals (A and B) for controlling
the polarity of the offset voltage of an output amplifier based
on an output timing control clock (CL1) for outputting dis-
play data stored in a data latch circuit to the signal line of the
liquid crystal display panel and a frame period recognition
signal (FLMN) for recognizing each frame period, thereby
inverting the polarity of the offset voltage every two horizon-
tal lines during each frame period and every two frame peri-
ods (see, for example, paragraphs [0017] and [0055] and FIG.
24). The output timing control clock (CL1) and the frame
period recognition signal (FLMN) are used to generate the
control signals (A and B), so a spatial cycle at which the
polarity of the offset voltage is inverted is fixed to the two
horizontal lines in the circuit disclosed in JP 11-249623 A.

[0014] The technique for inverting the polarity of the offset
voltage every predetermined number of lines as disclosed in
JP 11-249623 A is certainly effective for the improvement of
image quality. The inventor(s) of the present invention found
that the conventional source driver disclosed in JP 11-249623
A has a problem in that, when the spatial cycle at which the
polarity of the data signal is inverted is made variable, the
image quality for each usable spatial cycle cannot be satis-
factorily maintained. For example, there is the case where a
user desires a source driver adapted to both the 1H inversion
drive method and the 2H inversion drive method. According
to the conventional source driver, an image cannot be dis-
played with satisfactory quality for both the 1H inversion
drive method and the 2H inversion drive method. This is
because the cycle at which the polarity of the offset voltage is
inverted is fixed in the conventional source driver. In the case
of the 1H inversion drive method (such as the dot inversion
drive method), it is suitable to fixedly invert the polarity of the
offset voltage every two lines as in the conventional source
driver. However, in the case of the 2H inversion drive method,
such fixed inversion is not suitable.

[0015] Forexample, as shown in FIG. 1, assume that a data
signal is generated by an output amplifier which has two
states, that is, a state “A” in which the polarity of the offset
voltage is “positive” and a state “B” in which the polarity of
the offset voltage is “negative” and can generate any of data
signals whose polarities are positive and negative. Note that,
in an actual case, when the output amplifier can have two
states, a state in which the polarity of the offset voltage is
“positive” is unknown.
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[0016] The output amplifier can generate one of four types

of data signals as described below.

[0017] Type 1: bothof polarity of data signal and polarity of
offset voltage are positive (upward direction arrow in state
“A™)

[0018] Type 2: polarity of data signal is negative and polar-
ity of offset voltage is positive (downward direction arrow
in state “A”)

[0019] Type 3: polarity of data signal is positive and polar-
ity of offset voltage is negative (upward direction arrow in
state “B”)

[0020] Type 4: both of polarity of data signal and polarity of
offset voltage are negative (downward direction arrow in
state “B”)

[0021] In FIG. 1, a common voltage VCOM indicates a

voltage level of a common electrode of the liquid crystal

display panel. According to the studies made by the inventor

(s) of the present invention, in order to improve the quality of

animage, it is suitable to supply the four types of data signals

to pixels of the liquid crystal display panel in a spatially
uniform manner.

[0022] Because the spatial cycle at which the polarity ofthe

offset voltage is inverted is fixed to the two horizontal lines,

the source driver described in JP 11-249623 is suitable for the
1H inversion drive method but not for the 2H inversion drive
method. FIGS. 2A and 2B show types of data signals supplied
to respective pixels during each frame period in the case
where the source driver described in JP 11-249623 performs
the 1H inversion drive method (dot inversion drive method)
and in the case where the source driver performs the 2H
inversion drive method. In FIGS. 2A and 2B, symbols “1A”,

“}JA”, “1B”, and “|B” have the following meanings.

[0023] “tA”: pixel to which data signal whose polarity is
positive is supplied from output amplifier having state “A”
(that is, pixel to which data signal of “type 1” is supplied)

[0024] “|A”: pixel to which data signal whose polarity is
negative is supplied from output amplifier having state “A”
(that is, pixel to which data signal of “type 2” is supplied)

[0025] “1B”: pixel to which data signal whose polarity is
positive is supplied from output amplifier having state “B”
(that is, pixel to which data signal of “type 1” is supplied)

[0026] “|B”: pixel to which data signal whose polarity is
negative is supplied from output amplifier having state “B”
(that is, pixel to which data signal of “type 2” is supplied)

[0027] Note that, according to the operation shown in

FIGS. 2A and 2B, the state of the output amplifier is switched

every two lines and two frame periods.

[0028] As shown in FIG. 2A, when the 1H inversion drive

method is performed, the four types of data signals appear in

a pixel column. For example, during a first frame period, the

types of data signals supplied to respective pixels located in

the leftmost column are “?A”, “|A”, “1B”, and “|B” in
sequence. However, as shown in FIG. 2B, when the 2H inver-
sion driye method is performed, only two types of data signals
appear in a pixel column. For example, during the first frame
period, the types of data signals supplied to the respective
pixels located in the leftmost column are “t A”, “t A”, “|B”,
and “|, B” in sequence, so pixels in which the types of the data
signals are “| A” and “{B” do not appear. Therefore, when
the 2H inversion drive method is performed, the four types of
data signals are not supplied in a spatially uniform manner.

Thus, the 2H inversion drive method causes quality deterio-

ration.

[0029] As described above, the conventional source driver

in which the spatial cycle at which the polarity of the offset

voltage is inverted is fixed has the problem that, when the
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spatial cycle at which the polarity of the data signal is inverted
is made variable, the image quality for each usable spatial
cycle cannot be satisfactorily maintained. It is preferable to
solve the problem using a simple circuit.

SUMMARY OF THE INVENTION

[0030] In order to solve the above-mentioned problem, the
present invention employs the following means. In order to
clarify a correspondence relationship between “What is
claimed is” and “DETAILED DESCRIPTION OF THE PRE-
FERRED EMBODIMENTS”, technical matters for the
means are expressed by numbers and symbols which are used
in “DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS”. Note that the numbers and symbols
should hot be used to restrictively interpret the technical
scope of the present invention as described in “What is
claimed is”.

[0031] A liquid crystal display apparatus according to the
present invention includes a liquid crystal display panel (1)
having a data line (11) and a source driver (3) for supplying a
data signal to the data line (11) based on a polarity signal
(POL) A polarity of the data signal is determined based on the
polarity signal (POL). The source driver (3) includes an offset
cancel control circuit (40) for generating an offset cancel
control signal (OCC) and an amplifier (38) (71) used to gen-
erate the data signal. The amplifier (38) (71) is constructed so
as to invert a polarity of an offset voltage based on the offset
cancel control signal (OCC) The offset cancel control circuit
(40) generates the offset cancel control signal (OCC) based
on the polarity signal (POL).

[0032] According to the liquid crystal display apparatus
having the above-mentioned structure, the offset cancel con-
trol signal (OCC) is generated based on the polarity signal
(POL), so a cycle at which the polarity of the offset voltage is
inverted can be automatically and optimally controlled cor-
responding to a cycle at which the polarity of the data signal
is inverted. Therefore, according to the structure of the liquid
crystal display apparatus, a spatial cycle at which the polarity
of the offset voltage is inverted can be automatically con-
trolled corresponding to a spatial cycle at which the polarity
of the data signal is inverted, to satisfactorily maintain the
quality of a display image.

[0033] According to the present invention, the spatial cycle
at which the polarity of the offset voltage is inverted can be
automatically controlled corresponding to the spatial cycle at
which the polarity of the data signal is inverted, to satisfac-
torily maintain the quality of the display image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] In the accompanying the drawings:

[0035] FIG. 1 is an explanatory diagram showing four
states of an amplifier;

[0036] FIG. 2A is a table showing types of data signals
supplied to respective pixels in the case where a 1H inversion
drive method is performed while a polarity of an offset volt-
age of the amplifier is held during two horizontal periods and
FIG. 2B is a table showing types of data signals supplied to
the respective pixels in the case where a 2H inversion drive
method is performed while the polarity of the offset voltage of
the amplifier is held during the two horizontal periods;
[0037] FIG. 3 is a block diagram showing a structure of a
liquid crystal display apparatus according to a first embodi-
ment of the present invention;

[0038] FIG. 4 is a block diagram showing a structure of a
source driver according to the first embodiment of the present
invention;
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[0039] FIG. 5A is a circuit diagram showing a structural
example of an output amplifier in the first embodiment of the
present invention, which shows a connection relationship
among circuit elements in the case where a “state A” is set for
the outputamplifier, and FIG. SB is a circuit diagram showing
a structural example of the output amplifier in the first
embodiment of the present invention, which shows a connec-
tion relationship among the circuit elements in the case where
a “state B” is set for the output amplifier;

[0040] FIG. 6A is a circuit diagram showing a structural
example of an offset cancel control circuit in the first embodi-
ment of the present invention and FIG. 6B is a circuit diagram
showing a structural example of a differentiation circuit
included in the offset cancel control circuit of FIG. 6A,;
[0041] FIG. 7 is a timing chart showing an operation of the
offset cancel control circuit in the first embodiment of the
present invention;

[0042] FIG. 8A shows types of data signals supplied to
respective pixels in the case where an offset cancel control
signal is generated as shown in FIG. 7 and the 1H inversion
drive method is performed and FIG. 8B shows types of data
signals supplied to the respective pixels in the case where the
offset cancel control signal is generated as shown in FIG. 7
and the 2H inversion drive method is performed;

[0043] FIG.9is ablock diagram showing another structure
of'the source driver according to the first embodiment of the
present invention;

[0044] FIG. 10 is a block diagram showing a structure of a
source driver according to a second embodiment of the
present invention; and

[0045] FIG. 11 is a block diagram showing a structure of a
grayscale voltage generating circuit provided in the source
driver according to the second embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0046] Hereinafter, embodiments of the present invention
will be described with reference to the attached drawings.
Note that, in the attached drawings, the same constituent
components are expressed by the same symbols. In addition,
if necessary, the same plurality of constituent components
may be distinguished from each other by subscripts attached
to the symbols.

First Embodiment

[0047] FIG. 3 is a block diagram showing a structure of a
liquid crystal display apparatus 10 according to a first
embodiment of the present invention. The liquid crystal dis-
play apparatus 10 includes an LCD panel 1, an LCD control-
ler 2, source drivers 3, a gate driver 4, and a grayscale power
supply 5.

[0048] The LCD panel 1 includes data lines (signal lines)
11 extending in the vertical direction, gate lines (scanning
lines) 12 extending in the horizontal direction, and pixels 13
provided at intersections therebetween. Hereinafter, the pix-
els 13 of a row which are connected with the same one of the
gate lines 12 may be referred to as a line. The pixels 13 of a
row which are connected with a gate line 12/ may be referred
to as the pixels 13 of an i-th line.

[0049] The LCD controller 2 controls the source drivers 3
and the gate driver 4 to display a target image on the LCD
panel 1. To be specific, the LCD controller 2 transfers display
data received from an outside to the source drivers 3 and
supplies various control signals to the source drivers 3 and the
gate driver 4. The operation of the LCD controller 2 is con-
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trolled based on various control signals (for example, hori-
zontal synchronization signal Hsync, vertical synchroniza-
tion signal Vsync, and dot clock signal DCLK,).

[0050] Control signals supplied from the LCD controller 2
to each of the source drivers 3 include the horizontal synchro-
nization signal HSC, a horizontal clock HCK, a polarity sig-
nal POL, and a strobe signal (latch signal) STB. A start pulse
signal START, is supplied from the LCD controller 2 to a
source driver 3, . The technical meaning of the control signals
will be given in detail together with the description of the
source drivers 3.

[0051] On the other hand, control signals supplied to the
gate driver 4 include a vertical clock VCK and a gate start
pulse signal GSP. The gate start pulse signal GSP serves as a
trigger for causing the gate driver 4 to start the scanning of the
gate lines 12. When the gate start pulse signal GSP is acti-
vated, the gate driver 4 activates the gate lines 12 in order from
one of the gate lines 12 which is close to the source drivers 3.
A timing at which the gate start pulse signal GSP is activated
is synchronized with the vertical synchronization signal
Vsync supplied to the LCD controller 2. After the lapse of a
predetermined time from the activation of the vertical syn-
chronization signal Vsync, the gate start pulse signal GSP is
activated.

[0052] The source drivers 3 supply data signals to the
respective data lines 11 of the LCD panel 1. The data signals
have voltage levels corresponding to grayscale levels of the
pixels 13. When the data signals are supplied to the pixels 13,
pixel voltages corresponding to target grayscale levels are
written into the pixels 13.

[0053] The gate driver 4 scans the gate lines 12 of the LCD
panel 1. That is, the gate lines 12 are successively activated.
The data signals generated by the source drivers 3 are sup-
plied to the pixels 13 connected with the activated one of the
gate lines 12.

[0054] The grayscale power supply 5 supplies grayscale
power supply voltages VSTD1 to VSTD9 to the respective
source drivers 3. As described later, the grayscale power
supply voltages VSTD1 to VSTD9 are used to generate a set
of grayscale voltages respectively corresponding to 1 e gray-
scale levels which each of the pixels 13 can express in the
respective source drivers 3.

[0055] FIG. 4 is a block diagram showing a structure of
each of the source drivers 3. The source driver 3 includes a
shift register 31, registers 32, to 32,, latch circuits 33, to 33,
cross switches 34, to 34,,, level shifters 35, to 35,, D/A con-
verters 36, to 36,,, cross switches 37, to 37,,, output amplifiers
38, to 38,,, a grayscale voltage generating circuit 39, an offset
cancel control circuit 40, and output terminals VOUT1 to
VOUTn connected with the data lines 11. To simplify the
drawing, the four registers 32, the four latch circuits 33, the
four cross switches 34, the four level shifters 35, the four D/A
converters 36, the four cross switches 37, and the four output
terminals VOUT are shown therein.

[0056] The shift register 31 generates, in response to a start
pulse signal START, , shift signals SHF1 to SHFn for
enabling the shift resistors 32 to latch display data. The start
pulse signal START, is a signal for enabling a source driver 3,
to start the capture of display data. As shown in FIG. 3, a start
pulse signal START, is supplied from the LCD controller 2 to
the sourcedriver 3, . The start pulse signal START, is supplied
to the other source driver 3, from a source driver 3,_, adjacent
thereto. When the start pulse signal START), is activated, the
shift register 31 performs a shift operation to successively
activate the shift signals SHF1 to SHFn. When the shift signal
SHFn is finally activated, the shift register 31 of the source
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driver 3, activates a start pulse signal START,,, supplied to
an adjacent source driver 3, ;.

[0057] The registers 32, to 32, latch the display data in
response to the activated shift signals SHF1 to SHFn.
[0058] When the strobe signal STB is activated, the latch
circuits 33, to 33, latch the display data stored in the registers
32, to 32, and output the latched display data to the cross
switches 34, to 34,.

[0059] The cross switches 34, to 34, switch connection
relationships between the latch circuits 33, to 33,, and the
level shifters 35, to 35, in response to the polarity signal POL.
The polarity signal POL is a signal for specifying the polari-
ties of the data signals supplied to the respective data lines 11.
In this embodiment, when the polarity signal POL is in a
“High” level, the odd-numbered cross switch 34,,_, connects
the odd-numbered latch circuit 33,,_; with the odd-numbered
level shifter 35,,_; and the even-numbered cross switch 34,
connects the even-numbered latch circuit 33,, with the even-
numbered level shifter 35,,. On the other hand, when the
polarity signal POL is in a “Low” level, the odd-numbered
cross switch 34,,_; connects the even-numbered latch circuit
33,, with the odd-numbered level shifter 35,, , and the even-
numbered cross switch 34,, connects the odd-numbered latch
circuit 33,,_, with the even-numbered level shifter 35,,.
[0060] The level shifters 35, to 35, are provided for match-
ing output signal levels of the latch circuits 33, to 33, and
input signal levels of the D/A converters 36, to 36,,. The level
shifters 35, to 35, transfer the display data received from the
latch circuits 33, to 33, to the D/ A converters 36, to 36, while
signal levels thereof are changed.

[0061] The D/A converters 36, to 36, perform the D/A
conversion on the display data sent from the latch circuits 33,
to 33,, to output grayscale voltages having voltage levels
corresponding to the display data. Note that the latch circuits
33 from which the respective D/A converters 36 receive the
display data are switched by the cross switches 34.

[0062] The odd-numbered D/A converter 36,,_, outputs a
grayscale voltage whose polarity is positive. The even-num-
bered D/A converter 36,, outputs a grayscale voltage whose
polarity is negative. To be more specific, a set of grayscale
voltages V0+ to V63+ whose polarities are positive (relative
to common voltage VCOM) are supplied from the grayscale
voltage generating circuit 39 to the odd-numbered D/A con-
verter 36,,_,. The odd-numbered D/A converter 36,,_, selects
a voltage corresponding to the received display data from the
grayscale voltages V0+ to V63+ to output the selected gray-
scale voltage to the cross switch 37,,_;. On the other hand, a
set of grayscale voltages V0- to V63— whose polarities are
negative are supplied from the grayscale voltage generating
circuit 39 to the even-numbered D/A converter 36,,. The
even-numbered D/A converter 36,, selects a grayscale volt-
age corresponding to the received display data from the gray-
scale voltages V0- to V63— to output the selected grayscale
voltage to the cross switch 37,,.

[0063] The cross switches 37, to 37, switch connection
relationships between the D/A converters 36, to 36, and the
output amplifiers 38, to 38, in response to the polarity signal
POL. In this embodiment, when the polarity signal POL is in
the “High” level, the odd-numbered cross switch 37,,_; con-
nects the odd-numbered D/A converter 36,, , with the odd-
numbered output amplifier 38, and the even-numbered
cross switch 37, connects the even-numbered D/A converter
36,, with the even-numbered output amplifier 38,,. On the
other hand, when the polarity signal POL is in the “Low”
level, the odd-numbered cross switch 37,,_, connects the
even-numbered D/A converter 36,, with the odd-numbered
output amplifier 38,,_; and the even-numbered cross switch
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37,, connects the odd-numbered D/A converter 36,, ; with
the even-numbered output amplifier 38,,.

[0064] The output amplifiers 38, to 38, receive the gray-
scale voltages from the D/A converters 36, to 36,, and output
data signals having voltage levels equal to the received gray-
scale voltages to the data lines through the output terminals
VOUT1 to VOUTn. In this embodiment, a voltage follower
having a rail-to-rail structure is used as each of the output
amplifiers 38, to 38, . Each of the output amplifiers 38, to 38,
can output both a data signal whose polarity is positive and a
data signal whose polarity is negative. The adjacent output
amplifiers 38,,_, and 38,, output data signals whose polarities
are different from each other. For details, when the data signal
whose polarity is positive is to be outputted from the odd-
numbered output amplifier 38,,_, and the data signal whose
polarity is negative is to be outputted from the even-numbered
output amplifier 38,,, the polarity signal POL is pulled up to
the “High” level. Therefore, the odd-numbered D/A converter
36,,_, (to which the grayscale voltage whose polarity is posi-
tive is supplied) is connected with the odd-numbered output
amplifier 38,,_, and the even-numbered D/A converter 36.,,
(to which the grayscale voltage whose polarity is negative is
supplied) is connected with the even-numbered output ampli-
fier 38,,. On the other hand, when the data signal whose
polarity is negative is to be outputted from the odd-numbered
output amplifier 38,,_, and the data signal whose polarity is
negative is to be outputted from the even-numbered output
amplifier 38,,, the polarity signal POL is pulled down to the
“Low” level. Therefore, an output terminal of the odd-num-
bered D/A converter 36,,_, is connected with the even-num-
bered output amplifier 38,, and an output terminal of the
even-numbered D/A converter 36, (to which the grayscale
voltage whose polarity is negative is supplied) is connected
with the odd-numbered output amplifier 38,,_,.

[0065] The output amplifiers 38, to 38, are constructed
such that an offset polarity can be inverted based on an offset
cancel control signal OCC supplied from the offset cancel
control circuit 40. That is, each of the output amplifiers 38, to
38, may have two states whose offset polarities are opposite
to each other. The offset polarity is determined based on the
offset cancel control signal OCC. Hereinafter, one of the
states is defined as a “state A” and the other thereof is defined
as a “state-B”. The description will be made in each of the
case where the output amplifiers 38, to 38, are set to the “state
A” when the offset cancel control signal OCC is in the “High”
level and the case where the output amplifiers 38, to 38, are
set to the “state B”” when the offset cancel control signal OCC
is in the “Low” level.

[0066] FIGS. SA and 5B are circuit diagrams showing a
structural example of each of the output amplifiers 38, to 38,,.
Each of the output amplifiers 38 includes PMOS transistors
MP1 to MP8, NMOS transistors MN1 to MN8, switches SW1
to SW3, capacitors C1 and C2, and constant current sources
CCS1 to CCS3. The PMOS transistors MP1 and MP2 are
constructed as a PMOS transistor pair included in an input
differential stage. The NMOS transistors MN1 and MN2 are
constructed as an NMOS transistor pair included in the input
differential stage. The PMOS transistors MP5 and MP6 are
constructed as a PMOS transistor pair included in an active
load. The NMOS transistors MN5 and MNG6 are constructed
as an NMOS transistor pair included in the active load. A bias
voltage BP2 is supplied to the gates of the PMOS transistors
MP3 and MP4. A bias voltage BP1 is supplied to the gate of
the PMOS transistors MP7. A bias voltage BNP2 is supplied
to the gates of the NMOS transistors MN3 and MN4. A bias
voltage BN1 is supplied to the gate of the NMOS transistors
MN7.
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[0067] In the output amplifier 38 having the above-men-
tioned structure, the generation of an offset voltage is caused
mainly by (1) a variation in threshold voltages of the transistor
pairs (PMOS transistors MP1 and MP2 and NMOS transis-
tors MN1 and MN2) included in the input differential stage
and (2) a variation in threshold voltages of the transistor pairs
(PMOS transistors MP5 and MP6 and NMOS transistors
MNS5 and MNG6) included in the active load.

[0068] According to the output amplifier 38 which may
have the states shown in FIGS. 5A and 5B, when a connection
relationship of the transistor pair included in the input differ-
ential stage and a connection relationship of the transistor pair
included in the active load are switched by the switches SW1
to SW3, the polarity of the offset voltage can be inverted. The
inversion of the polarity of the offset voltage is performed by
operating the switches SW1 to SW3 in response to the offset
cancel control signal OCC. Note that all the switches SW1 to
SW3 are operated in conjunction with one another. FIG. 5A
shows a connection state of the switches SW1 to SW3 in the
case where the offset cancel control signal OCC is in the
“High” level. FIG. 5B shows a connection state of the
switches SW1 to SW3 in the case where the offset cancel
control signal OCC is in the “Low” level.

[0069] Referringto FIG.5A, when the offset cancel control
signal OCC is in the “High” level, the switches SW1 to SW3
operate as follows. The switch SW1 connects an input termi-
nal IN+ with the gate of the PMOS transistor MP2 and the
gate of the NMOS transistor MN2 and connects an output
terminal VOUTk with the gate of the PMOS transistor MP1
and the gate of the NMOS transistor MN1. The switch SW2
connects the drain of the PMOS transistor MP5 with the
source of the PMOS transistor MP3 and connects the drain of
the PMOS transistor MP6 with the source of the PMOS
transistor MP4. The switch SW3 connects the drain of the
NMOS transistor MN5 with the source of the NMOS transis-
tor MN3 and connects the drain of the NMOS transistor MN6
with the source of the NMOS transistor MN4.

[0070] On the other hand, referring to FIG. 5B, when the
offset cancel control signal OCC is in the “Low” level, the
switches SW1 to SW3 operate as follows. The switch SW1
connects the input terminal IN+ with the gate of the PMOS
transistor MP1 and the gate of the NMOS transistor MN1 and
connects the output terminal VOUTk with the gate of the
PMOS transistor MP2 and the gate of the NMOS transistor
MN2. The switch SW2 connects the drain of the PMOS
transistor MP5 with the source of the PMOS transistor MP4
and connects the drain of the PMOS transistor MP6 with the
source of the PMOS transistor MP3. The switch SW3 con-
nects the drain of the NMOS transistor MN5 with the source
of the NMOS transistor MN4 and connects the drain of the
NMOS transistor MN6 with the source of the NMOS transis-
tor MIN3.

[0071] When the above-mentioned operation is performed,
the output amplifier 38 outputs as output voltage VO as
described below based on the offset cancel control signal
OCC.

VO=VIN£VOS

where VIN indicates the grayscale voltage inputted to the
output amplifier 38 and VOS indicates the offset voltage. A
double sign “+” indicates that the polarity of the offset voltage
is switched depending on whether the offset cancel control
signal OCC is in the “High” level or the “Low” level. There
are the case where the grayscale voltage VIN supplied to an
input terminal of the output amplifier 38 has a positive polar-

ity and the case where the grayscale voltage VIN supplied
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thereto has a negative polarity, with the result that the respec-
tive output amplifiers 38 output the four types of data signals
as shown in FIG. 1.

[0072] Returning to FIG. 4, the grayscale voltage generat-
ing circuit 39 generates the grayscale voltages VO0+ to V63+
whose polarities are positive and the grayscale voltages V0-
to V63— whose polarities are negative based on the grayscale
power supply voltages VSTD1 to VSTD9 received from the
grayscale power supply 5. As described above, the grayscale
voltages V0+ to V63+ whose polarities are positive are sup-
plied to the odd-numbered D/ A converter 36,,_, and the gray-
scale voltages V0-to V63— whose polarities are negative are
supplied to the even-numbered D/A converter 36,,.

[0073] The offset cancel control circuit 40 generates the
offset cancel control signal OCC to be supplied to each of the
output amplifiers 38. An offset enable signal OFSTOP, a
pattern selection signal PSEL, the gate start pulse signal GSP,
and the polarity signal POL are supplied to the offset cancel
control circuit 40, so the offset cancel control circuit 40 gen-
erates the offset cancel control signal OCC based on the
supplied signals.

[0074] The offset enable signal OFSTOP is a signal for
enabling the inversion control of the polarity of the offset
voltage. The inversion control of the polarity of the offset
voltage is performed only when the offset enable signal OFS-
TOP is in the “High” level. When the offset enable signal
OFSTOPisinthe “Low” level, the offset cancel control signal
OCC is held, so the polarity of the offset voltage is not
inverted.

[0075] The pattern selection signal PSEL is a signal for
selecting a pattern for inverting the polarity of the offset
voltage. To be specific, when the pattern selection signal
PSEL is in the “High” level, the polarity of the offset voltage
is inverted every specified number of horizontal lines during
each frame period. In addition, the polarity of the offset
voltage is inverted every predetermined number of frame
periods (every two frame periods in this embodiment). Note
that, as described later, the cycle at which the polarity of the
offset voltage is inverted during each frame period is deter-
mined based on the polarity signal POL. On the other hand,
when the pattern selection signal PSEL is in the “Low” level,
although the polarity of the offset voltage is inverted every
two frame periods, the polarity of offset voltage is held during
each frame period.

[0076] The gate start pulse signal GSP indicates the start of
a frame period, so the gate start pulse signal GSP is used to
invert the offset cancel control signal OCC every predeter-
mined number of frame periods, that is, to invert the polarity
of the offset voltage. Note that, as described above, the acti-
vation of the gate start pulse signal GSP exhibits that each
frame period starts. In this embodiment, a signal whose fre-
quency is % of that of the gate start pulse signal GSP is
generated and the offset cancel control signal OCC is pro-
duced from the Y4-frequency signal. Therefore, the offset
cancel control signal OCC is inverted every two frame peri-
ods.

[0077] The polarity signal POL is used to invert the polarity
of the offset voltage during each frame period. The use of the
polarity signal POL to produce the offset cancel control signal
OCC is one of important technical matters for the liquid
crystal display apparatus 10 according to this embodiment.
As described above, because the polarity signal POL is the
signal for specifying the polarities of the respective data sig-
nals, the polarity signal POL is inverted according to the cycle
at which the polarity of the data signal is inverted. For
example, when the 1H inversion drive method is performed,
the polarity signal POL is inverted for each horizontal line.
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When the 2H inversion drive method is performed, the polar-
ity signal POL is inverted every two horizontal lines. There-
fore, when the offset cancel control signal OCC is generated
in response to the polarity signal POL, the cycle at which the
offset cancel control signal OCC is inverted, that is, the cycle
at which the polarity of the offset voltage is inverted can be
automatically controlled. This allows that the cycle at which
the polarity of the offset voltage is inverted is optimally
controlled by a simple circuit. In this embodiment, the offset
cancel control signal OCC is inverted during each frame
period at a cycle of two times the cycle at which the polarity
signal POL is inverted. Thus, the cycle at which the polarity of
the offset voltage is inverted is also inverted at the cycle of two
times the cycle for inverting the polarity signal POL.

[0078] FIG. 6A is a circuit diagram showing a structural
example of the offset cancel control circuit 40. The offset
cancel control circuit 40 includes inverters 41, 42, 45, 48, 51,
53, 54, 56, and 57, V2-divider circuits 43, 44, and 49, NAND
gates 46,47,50, and 52, and a differentiation circuit 55. In the
structure shown in FIG. 6A, the Y5-divider circuits 43 and 44
are connected in series and thus act as a Y4-divider circuit. The
Va-divider circuits 43 and 44 perform Y4-divider on the gate
start pulse signal GSP to generate a %4-divider GSP signal
QGSP. The 4-divider circuit 49 performs Y4-divider on the
polarity signal POL to generate a Y2-divided signal HPOL.
The offset cancel control signal OCC is produced based on
the V4-divider GSP signal QGSP and the Y2-divided signal
HPOL.

[0079] In this embodiment, each of the Y2-divider circuits
43, 44, and 49 includes a flip-flop. The flip-flop included in
each of the V-divider circuits 43 and 44 has a reset terminal
to which a power-on reset (POR) signal is inputted. When the
source driver 3 is power-on reset, the flip-flop included in
each of the Y4-divider circuits 43 and 44 is reset. The flip-flop
included in the '4-divider circuit 49 has a reset terminal
connected with an output terminal of the differentiation cir-
cuit 55. When the gate start pulse signal GSP is pulled up, an
output signal from the differentiation circuit 55 is pulled up to
the “High” level for a predetermined period. Therefore, the
flip-flop included in the Y5-divider circuit 49 is reset when
each frame period starts. FIG. 6B shows a structural example
of the differentiation circuit 55. In this embodiment, the dif-
ferentiation circuit 55 includes D flip-flops 58 and 59, an
inverter 60, and a NOR gate 61.

[0080] Returning to FIG. 6A, the pattern selection signal
PSEL is used to switch between enable/disable states of the
Ya-divided signal HPOL. When the pattern selection signal
PSEL is in the “Low” level, an output signal from the NAND
gate 50 is held to the “High” level. Therefore, the offset cancel
control signal OCC is generated without depending on the
polarity signal POL.

[0081] The offset enable signal OFSTOP is used to switch
between enable/disable states of each of the V4-divider GSP
signal QGSP and the Y4-divided signal HPOL. When the
pattern selection signal PSEL is in the “Low” level, an output
signal from the NAND gate 47 is held to the “High” level.
Then, the offset cancel control signal OCC is held to the
“Low” level.

[0082] According to the above-mentioned structure of the
source driver 3, the cycle at which the offset cancel control
signal OCC is inverted (that is, the cycle at which the polarity
of the offset voltage of the output amplifier 38 is inverted) is
automatically controlled depending on the cycle at which the
polarity of the data signal is inverted (that is, the cycle at
which the polarity signal POL is inverted). Therefore, the
image quality can be improved. FIG. 7 is a timing chart
showing the operation ofthe offset cancel control circuit 40 in
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the case where each of the offset enable signal OFSTOP and
the pattern selection signal PSEL is set to the “high” level.
Note that, each of the offset enable signal OFSTOP and the
pattern selection signal PSEL is in the “high” level, so the
polarity of the offset voltage is inverted every two horizontal
lines during each frame period and inverted every two frame
periods.

[0083] As shown in FIG. 7, the gate start pulse signal GSP
is activated at the beginning of each frame period. Therefore,
the gate start pulse signal GSP is inverted every two frame
periods (that is, at a cycle of four frame periods).

[0084] When the 1H inversion drive method is performed,
the polarity signal POL is inverted for each horizontal line
(that is, at a cycle of two horizontal lines) during each frame
period. When the 2H inversion drive method is performed, the
polarity signal POL is inverted every two horizontal lines
(that is, at a cycle of four horizontal lines) during each frame
period. Note that, in the same horizontal line, the signal level
of the polarity signal POL is inverted for each frame period.
For example, in a first horizontal line, the signal level of the
polarity signal POL is the “high” level during an odd frame
period and is the “Low” level during an even frame period.
[0085] The offset cancel control signal OCC is inverted
during each frame period at the cycle of two times the cycle
for inverting the polarity signal POL. In addition, the offset
cancel control signal OCC is inverted every two frames in
response to the gate start pulse signal GSP. That is, when the
1H inversion drive method is performed, the offset cancel
control signal OCC is inverted every two horizontal lines
during each frame period. Further, the offset cancel control
signal OCC is inverted every two fame periods in response to
the gate start pulse signal GSP. On the other hand, when the
2H inversion drive method is performed, the offset cancel
control signal OCC is inverted every four horizontal lines
during each frame period. Further, the offset cancel control
signal OCC is inverted every two fame periods in response to
the gate start pulse signal GSP.

[0086] As a result, the signal level of the offset cancel
control signal OCC is controlled as follows. (i: Natural num-
ber)

A. In the Case of 1H Inversion Drive Method

[0087] During a first frame period and a fourth frame
period, the offset cancel control signal OCC is in the “High”
level for each of (4i-3)-th and (4i-2)-th horizontal lines and
is in the “Low” level for each of (4i—1)-th and 4i-th horizontal
lines.

[0088] In contrast to this, during a second frame period and
athird frame period, the offset cancel control signal OCCis in
the “Low” level for each of (4i-3)-th and (4i-2)-th horizontal
lines and is in the “High” level for each of (4i-1)-th and 4i-th
horizontal lines.

B. In the Case of 2H Inversion Drive Method

[0089] During the first frame period and the fourth frame
period, the offset cancel control signal OCC is in the “High”
level for each of (8i-7)-th to (8i—4)-th horizontal lines and is
in the “Low” level for each of (4i-3)-th to 8i-th horizontal
lines.

[0090] In contrast to this, during the second frame period
and the third frame period, the offset cancel control signal
OCC is in the “Low” level for each of (4i+1)-th and (4i+2)-th
horizontal lines and is in the “High” level for each of (4i+1)-th
and (4i+2)-th horizontal lines.

[0091] FIGS. 8A and 8B each show types of data signals
supplied to the respective pixels 13 in the case where the
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offset cancel control signal OCC is controlled as shown in

FIG. 7 and the 1H inversion drive method is performed or in

the case where the 2H inversion drive method is performed.

As in the cases of FIGS. 2A and 2B, symbols “TA”, “| A”,

“tB”, and “| B” used in FIGS. 8A and 8B have the following

meanings.

[0092] “tA”: pixel to which data signal whose polarity is
positive is supplied from output amplifier 38 having state
“A” (that is, pixel to which data signal of “type 17 is
supplied)

[0093] “|A”: pixel to which data signal whose polarity is
negative is supplied from output amplifier 38 having state
“A” (that is, pixel to which data signal of “type 2” is
supplied)

[0094] <1tB”: pixel to which data signal whose polarity is
positive is supplied from output amplifier 38 having state
“B” (that is, pixel to which data signal of “type 1” is
supplied)

[0095] < |B”: pixel to which data signal whose polarity is
negative is supplied from output amplifier 38 having state
“B” (that is, pixel to which data signal of “type 2” is
supplied)

[0096] As shown in FIG. 8 A, when the 1H inversion drive
method is performed, during each frame period, the polarity
of the data signal is inverted for each horizontal line and the
state of the output amplifier 38 (that is, the polarity of the
offset voltage) is switched every two horizontal lines. On the
other hand, as shown in FIG. 8B, when the 2H inversion drive
method is performed, during each frame period, the polarity
ofthe data signal is inverted every two horizontal lines and the
state of the output amplifier 38 (that is, the polarity of the
offset voltage) is switched every four horizontal lines. In any
of the 1H inversion drive method and the 2H inversion drive
method, the polarity of the data signal in the horizontal direc-
tion is inverted for each pixel (that is, during each cycle
corresponding to two pixels). In addition, in any of the 1H
inversion drive method and the 2H inversion drive method,
the polarity of the data signal is inverted for each frame period
and the polarity of the offset voltage is inverted every two
frame periods.
[0097] Note that, in this embodiment, the spatial cycle at
which the polarity of the offset voltage is inverted is different
between the 1H inversion drive method and the 2H inversion
drive method. In the 1H inversion drive method, the polarity
of'the offset voltage is switched every two horizontal lines. In
the 2H inversion drive method, the polarity of the offset
voltage is changed every four horizontal lines. Therefore,
even when any of the 1H inversion drive method and the 2H
inversion drive method is performed, the four types of data
signals appear in a pixel column. For example, when the 1H
inversion drive method is performed, the types of data signals
supplied to respective pixels 13 located in the leftmost col-
umn during a first frame period are “tA”, “| A”, “1B”, and
“}B” in sequence and thus the four types of data signals
appear in the pixel column. On the other hand, when the 2H
inversion drive method is performed, the types of data signals
supplied to the respective pixels 13 located in the leftmost
column during the first frame period are “TA”, “1A”, “| A”,
“LA”, “1B”, 1B, | B”, and “| B” in sequence and thus the
four types of data signals appear in the pixel column.
[0098] Therefore, according to this embodiment, even
when any of the 1H inversion drive method and the 2H inver-
sion drive method is performed, the four types of, data signals
appear in the pixel column. The four types of data signals are
supplied in a spatially uniform manner, so the image quality
can be effectively improved.
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[0099] Theoperation for the 1H inversion drive method and
the 2H inversion drive method is described above. Note that
the source driver 3 according to this embodiment generates
the offset cancel control signal OCC based on the Y2-divided
signal HPOL, so the offset cancel control signal OCC can be
inverted at appropriate cycles without depending on the cycle
at which the polarity of the data signal is inverted. For
example, when a 4H inversion drive method is performed, the
polarity signal POL is inverted every four horizontal lines.
Therefore, the offset cancel control signal OCC is inverted
every eight horizontal lines. Thus, the four types of data
signals can be expressed in the pixel column.

[0100] According to the source driver 3 shown in FIG. 4,
the cross switch 37 is provided between the D/A converter 36
and the output amplifier 38. The output amplifier 38 is
directly connected with the output terminal VOUTk. As
shown in FIG. 9, a structure in which the output terminals of
the D/A converters 36, to 36, are directly connected with
output amplifiers 38A, to 38A,, and cross switches 37A; to
37A are provided between the output amplifiers 38A, to
38A" and the output terminals VOUT1 to VOUTK can be also
employed. In this case, a voltage follower constructed to
generate only a data signal whose polarity is positive is used
as the odd-numbered output amplifier 38A,, , and a voltage
follower constructed to generate only a data signal whose
polarity is negative is used as the even-numbered output
amplifier 38A,,,. Even in such a case, the polarity of the offset
voltage of each of the output amplifiers 38A, to 38A,, is
inverted in response to the offset cancel control signal OCC.

Second Embodiment

[0101] FIG. 10 is a block diagram showing a structure of a
source driver 3 of a liquid crystal display apparatus according
to a second embodiment of the present invention. In this
embodiment, the polarity of the offset voltage of each of
amplifiers (y-amplifiers) used to generate grayscale voltages
VO0+ to V63+ and V0- to V63— by the grayscale voltage
generating circuit 39 is inverted. In order to perform such an
operation, the offset cancel control signal OCC is supplied to
not the output amplifier 38 but the grayscale voltage gener-
ating circuit 39.

[0102] FIG. 11 is a circuit diagram showing a structure of
the grayscale voltage generating circuit 39. The grayscale
voltage generating circuit 39 includes y-amplifiers 71, to 71,
and a resistance ladder 72. The respective y-amplifiers 71, to
71, receive the grayscale power supply voltages VSTD1 to
VSTD9 from the grayscale power supply 5 and generate bias
voltages VBIAS1 to VBIASY. A voltage follower is used as
each ofthe y-amplifiers 71, to 71,, so each of the bias voltages
VBIASI1 to VBIASY has a voltage level equal to correspond-
ing one of the grayscale power supply voltage VSTDI1 to
VSTD9 (except the offset voltages). Output terminals of the
y-amplifiers 71, to 71, are connected with respective input
taps of the resistance ladder 72. The bias voltages VBIAS1 to
VBIAS9 outputted from the y-amplifiers 71, to 71, are resis-
tance-divided to output the grayscale voltages V0+ to V63+
and V0- to V63- from the respective output taps of the
resistance ladder 72.

[0103] As in the case of the output amplifier 38 in the first
embodiment of the present invention, the y-amplifiers 71, to
71, are constructed such that the polarity of the offset voltage
can be inverted in response to the offset cancel control signal
OCC. The amplifier having the structure as shown in FIG. SA
can be used as each of the y-amplifiers 71, to 71,.

[0104] The operation of the source driver 3 according to the
second embodiment the present invention is identical to that
in the first embodiment the present invention except for a
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point that the polarity of the offset voltage of each of not the
output amplifiers 38 but the y-amplifiers 71, to 71, is inverted.
Even in the second embodiment, the offset cancel control
signal OCC is generated based on the '4-divided signal
HPOL, so the offset cancel control signal OCC is inverted at
the cycle of two times the cycle at which the polarity signal
POL is inverted. To be specific, when the 1H inversion drive
method is performed, the offset cancel control signal OCC is
inverted every two horizontal lines during each frame period.
When the 2H inversion drive method is performed, the offset
cancel control signal OCC is inverted every four horizontal
lines during each frame period. Therefore, the polarity of the
offset voltage of the y-amplifier 71 is inverted at a suitable
cycle corresponding to the cycle at which the polarity of the
data signal is inverted. According to such an operation, devia-
tions of the grayscale voltages VO0+ to V63+ and V0-to V63—
from target values, which are caused by the offset voltages of
the y-amplifiers 71, to 71, can be spatially averaged to effec-
tively improve the image quality.

[0105] In this embodiment, only the polarity of the offset
voltage of not the output amplifier 38 but the y-amplifier 71 is
inverted. When the offset cancel control signal OCC is sup-
plied to each of the output amplifier 38 and the y-amplifier 71,
the polarity of the offset voltage of each of the output ampli-
fier 38 and the y-amplifier 71 can be inverted.

What is claimed is:

1. A display apparatus, comprising:

a display panel including a data line; and

a source driver coupled to said panel to supply a data signal

to the data line, said data signal having a polarity deter-
mined based on a polarity signal,

wherein the source driver includes:

a control circuit, and

an amplifier used to generate the data signal with an
offset voltage, which is constructed so as to invert a
polarity of said offset voltage based on a offset cancel
control signal from said control circuit, and

wherein the control circuit generates the offset cancel con-

trol signal based on the polarity signal.

2. A display apparatus according to claim 1,

wherein the source driver further includes a D/A converter

supplied with a set of grayscale voltages to select and
output one of said grayscale voltages based on display
data; and

the amplifier includes an output amplifier to generate the

data signal based on the selected grayscale voltage.

3. A display apparatus according to claim 2,

wherein the control circuit includes a divider circuit

responsive to the polarity signal to generate a %5-divided
signal, and wherein

the offset cancel control signal is responsive to the V-

divided signal.

4. A display apparatus according to claim 3, further com-
prising a gate driver coupled to said panel to scan gate lines
thereof in response to a gate start pulse signal, wherein

the control circuit generates the offset cancel control signal

based on the %5-divided signal and further based on the
gate start pulse signal.
5. A display apparatus according to claim 4, wherein
the control circuit further includes a Y4-divider circuit
responsive to the gate start pulse signal to generate a
V4-divided signal, and

wherein the control circuit generates the offset cancel con-
trol signal based on the %5-divided signal and the Ya-
divided signal.
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6. A display apparatus according to claim 1, wherein

the source driver further includes:

a grayscale voltage generating circuit for generating a
set of grayscale voltages;

aD/A converter supplied with said grayscale voltages to
select one of said grayscale voltages based on display
data; and

an output amplifier responsive to said one of grayscale
voltages from the D/A converter to generate the data
signal; and

the amplifier includes a y-amplifier which is integrated in

the grayscale voltage generating circuit and used to gen-

erate the set of grayscale voltages.

7. A display apparatus according to claim 1, wherein:

the source driver further includes:

a grayscale voltage generating circuit for generating a
set of grayscale voltages;

a D/A converter supplied with said set of grayscale volt-
ages to select one of grayscale voltages based on
display data; and

an output amplifier responsive to said grayscale voltage
from the D/A converter to generate the data signal;
and

ay-amplifier which is integrated in the grayscale voltage
generating circuit and used to generate the set of gray-
scale voltages.

8. A source driver for supplying a data signal to a data line
of a display panel, comprising:

an amplifier which is constructed so as to invert a polarity

of an offset voltage thereof based on a offset cancel

control signal from a control circuit, and used to gener-
ate the data signal,

wherein the data signal has a polarity determined based on

a polarity signal, and

wherein the control circuit generates said offset cancel

control signal based on said polarity signal.

9. A source driver according to claim 8, further comprising
a D/A converter responsive to display data to select one of
grayscale voltages,

wherein the amplifier includes an output amplifier respon-

sive to the grayscale voltage from the D/A converter to

generate the data signal.

10. A source driver according to claim 9, wherein:

the control circuit includes a divider circuit for performing

Y5-divider on the polarity signal to generate a %4-divided

signal; and

the offset cancel control signal is generated based on the

Y2-divided signal.
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11. A source driver according to claim 8, further compris-
ing:

a grayscale voltage generating circuit for generating a set

of grayscale voltages;

a D/A converter for selecting a grayscale voltage from the
set of grayscale voltages based on display data to output
the selected grayscale voltage; and

an output amplifier for receiving the grayscale voltage
from the D/A converter to generate the data signal based
on the received grayscale voltage, and

wherein the amplifier includes a y-amplifier which is inte-
grated in the grayscale voltage generating circuit and
used to generate the set of grayscale voltages.

12. A panel driving method of supplying a data signal to a
data line of a display panel, comprising the step of (A) con-
trolling a first cycle at which a polarity of an offset voltage of
an amplifier used to generate the data signal is inverted based
on a second cycle at which a polarity of the data signal is
inverted.

13. A display panel driving method according to claim 12,
wherein the step (A) includes the steps of:

(A1) receiving a polarity signal for specifying the polarity

of the data signal;

(A2) generating an offset cancel control signal based on the
polarity signal; and

(A3) inverting the polarity of the offset voltage of the
amplifier based on the offset cancel control signal.

14. A display panel driving method according to claim 12,

wherein one of said first and second cycles is an even
multiple of another one.

15. A display panel driving method according to claim 12,

wherein said first cycle is a double of said second cycle.

16. A display panel driving method according to claim 12,

wherein said amplifier includes a first amplifier circuit
having an input and an output thereof and a second
amplifier circuit having an input and an output thereof,
said input of second amplifier circuit being coupled to
said output of said first amplifier circuit, said first and
second amplifier circuit having offset characteristics
respectively, wherein said offset characteristics of said
first amplifier circuit is inverted not in synchronism with
said second cycle,

and wherein said offset characteristics of said second
amplifier circuit is inverted not in synchronism with said
second cycle.
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