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liquid crystal display device, there is provided a Vcom
adjustment circuit which supplies common electrode volt-
ages to the counter electrodes (common electrodes) and is
capable of adjusting the common electrode voltages. As a
result, it is possible to display an image which can be viewed
at a wider visual angle.
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FIG. 39
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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

[0001] This Nonprovisional application claims priority
under 35 U.S.C. § 119(a) on Patent Application No. 2002/
358429 filed in Japan on Dec. 10, 2002, the entire contents
of which are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display device and a driving method thereof, and particu-
larly to a structure for enlarging a visual angle.

BACKGROUND OF THE INVENTION

[0003] The demand for a liquid crystal display (LCD) is
increasing due to its characteristic such as a compact body
and low power consumption. Further, the LCD is being
developed as a product which realizes a larger screen, higher
definition, and higher gradation in terms of a function.

[0004] However, there is such a technical problem that: in
the LCD, a visual angle, particularly a visual angle in an
up-and-down direction, is narrower than in CRT and the like.
The problem is explained as follows.

[0005] For example, currently, in a normally-white trans-
missive TN (twist nematic) type LCD which is often used
for OA (Office Automation), a voltage applied to liquid
crystal is varied so as to control its luminance. That is, the
liquid crystal is sandwiched by two polarizing plates which
are disposed so that a polarization axis crosses the polarizing
plates in an orthogonal manner, and a voltage applied to the
liquid crystal is varied so as to vary a condition under which
liquid crystal molecules are aligned, so that light that has
been linearly polarized by the polarizing plate positioned on
the incident side is elliptically polarized, thereby transmit-
ting only light, positioned on the outgoing side, which is
projected in a direction of the polarization axis. As a result,
the luminance is controlled.

[0006] Further, in the LCD for OA, a rubbing process is
performed with respect to an alignment film so that a portion
on the side of a thin film transistor (TFT) and a portion on
the side of a color filter (CF) are respectively rubbed in
directions shown in FIG. 42(a), thereby aligning liquid
crystal molecules in the foregoing directions.

[0007] When the voltage is not applied to the liquid
crystal, the liquid crystal molecules are aligned in a twisted
manner under such condition that the liquid crystal mol-
ecules liec down. When, the voltage is applied to the liquid
crystal, the liquid crystal molecules are aligned in a vertical
direction. Further, the liquid crystal molecule has a refrac-
tion which differs in a major axis direction and in a minor
axis direction. Thus, when the liquid crystal molecule lies
down, the refraction is anisotropic on a surface through
which light passes, and when the liquid crystal molecule
stands up, the refraction is isotopic on the surface through
which light passes. Thus, rotation of the polarization differs
depending on the voltage applied to the liquid crystal. The
rotational amount of the polarization is defined by multi-
plying (a) refraction anisotropy of the liquid crystal mol-
ecule (reflection in a major axis direction-reflection in a
minor axis direction) by a gap of liquid crystal cells (this
condition is referred to as “retardation”).
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[0008] When the liquid crystal molecules are aligned in a
direction shown in FIG. 42(a), the liquid crystal molecules
are aligned with them twisted as shown in FIG. 42(b), so
that the anisotropy caused by the retardation occurs. In this
case, as shown in FIG. 42(c), the liquid crystal molecules
are comparatively symmetrically aligned in a right-and-left
direction, so that a visual angle is comparatively wider. In
contrast, as shown in FIG. 42(d), the liquid crystal mol-
ecules are so asymmetrically aligned in an up-and-down
direction, so that the visual angle is comparatively narrower.
That is, when viewed from the upper side, the liquid crystal
molecules seem to lie down, and when viewed from a lower
side, the liquid crystal molecules seem to stand up. As a
result, a black state is so conspicuous when viewed from an
upper angular position in viewing (6<0°), and gradation
reversal occurs as shown in FIG. 43 when viewed from a
lower angular position in viewing (8>0°). This problem is
particularly seen in a full-color LCD in which halftone is
frequently used.

[0009] In order to widen the visual angle in a conventional
LCD, it is necessary to be careful in managing the step of
forming a TFT and the step of manufacturing a liquid crystal
panel, and it is necessary to perform complicate manufac-
turing step, so that this raises such problem that the yield
drops and the manufacturing cost increases.

[0010] As a method for solving the foregoing problem,
Japanese Unexamined Patent Publication No. 194655/1994
(Tokukaihei 6-194655)(Publication date: Jul. 15, 1994) dis-
closes a manufacturing method of a liquid crystal display
device in which a rubbing process and an alignment film are
not required.

[0011] In the manufacturing method, by using a multi-
domain liquid crystal constituted of microdomains which are
minute and are respectively aligned in random directions
throughout a cell, it is possible to cause whole the display
screen to display an image which is uniformed and does not
vary depending on the visual angle.

[0012] However, according to the foregoing arrangement,
by using a multi-domain liquid crystal constituted of micro-
domains which are minute and are respectively aligned in
random directions throughout a cell, it is possible to cause
whole the display screen to display an image which is
uniformed and does not vary depending on the visual angle,
but it is difficult to completely guarantee the alignment
which realizes such display condition in whole the multi-
domain liquid crystal.

SUMMARY OF THE INVENTION

[0013] The object of the present invention is to provide a
liquid crystal display device and a driving method thereof by
which it is possible to appropriately display an image which
can be viewed at a wider visual angle.

[0014] In order to achieve the foregoing object, the liquid
crystal display device according to the present invention
includes: a plurality of scanning lines; a plurality of signal
lines provided so as to cross the scanning signals; pixel
capacitors, having pixel electrodes and common electrodes,
and corresponding to a liquid crystal layer, which are
respectively formed on pixels corresponding to intersections
of the scanning lines and the signal lines, wherein the liquid
crystal layer has liquid crystal molecules, aligned in random
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directions throughout a liquid crystal panel, each of which
has a substantially fixed twist angle in a direction perpen-
dicular to substrates for sandwiching the liquid crystal layer,
said liquid crystal display device including a common
electrode voltage supplying circuit for supplying common
electrode voltages to the common electrodes so that the
common electrode voltages are adjustable.

[0015] Further, the method of the present invention is to
drive the liquid crystal display device which includes: a
plurality of scanning lines; a plurality of signal lines pro-
vided so as to cross the scanning signals; pixel capacitors,
having pixel electrodes and common electrodes, and corre-
sponding to a liquid crystal layer, which are respectively
formed on pixels corresponding to intersections of the
scanning lines and the signal lines, wherein the liquid crystal
layer has liquid crystal molecules, aligned in random direc-
tions throughout a liquid crystal panel, each of which has a
substantially fixed twist angle in a direction perpendicular to
substrates for sandwiching the liquid crystal layer, and the
method includes the step of supplying common electrode
voltages and adjusting the common electrode voltages.

[0016] According to the foregoing arrangement, by adjust-
ing the common electrode voltages supplied to the common
electrodes as required, it is possible to adjust luminance of
pixels and to correct color variation so as to widen a visual
angle at which an observer views a display image from an
arbitrary position. Thus, it is possible to appropriately dis-
play an image which can be viewed at a wider visual angle.

[0017] Further, as described above, the luminance of the
pixels is adjusted and the color variation is corrected by
adjusting the common electrode voltages supplied to the
common electrodes, so that it is not necessary to adopt a
complicate step of manufacturing the TFT or to remake a
driving circuit. Thus, it is possible to obtain a high-perfor-
mance liquid crystal display device at lower cost. Further, it
is possible to easily correct the color variation, caused by
viewing from different angular positions in viewing, in
accordance with a material for the liquid crystal and a
characteristic of the liquid crystal display device, so that this
arrangement is applicable to various kinds of liquid crystal
display devices which are different from each other in terms
of the characteristic.

[0018] The liquid crystal display device may be arranged
so that: the common electrodes of the pixels are divided into
a plurality of groups, and the common electrode voltage
supplying circuit is capable of respectively adjusting the
common electrode voltages so that the common electrode
voltages are adjusted independently every groups.

[0019] Further, the method for driving the liquid crystal
display device may be arranged so that: the common elec-
trodes of the pixels are divided into a plurality of groups, and
the common electrode voltages are respectively adjusted so
as to be adjusted independently every groups.

[0020] According to the foregoing arrangement, for
example in the liquid crystal display device having such a
characteristic that the visual angle varies depending on a
position at which the observer views an image in an up-and-
down direction, the common electrodes are divided into a
plurality of groups each of which corresponds to each of the
pixels, and each of the common electrode voltages is
adjusted for each of the groups, so that it is possible to
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appropriately adjust the visual angle, at the position where
the observer views the image in an up-and-down direction
for example.

[0021] The liquid crystal display device may be arranged
so that: at least first pixel capacitors and second pixel
capacitors are provided on each of the pixels as the pixel
capacitors, and the common electrode voltage supplying
circuit is capable of respectively independently adjusting a
common electrode voltage supplied to common electrodes
corresponding to the first pixel capacitors and common
electrode voltages supplied to common electrodes corre-
sponding to the second pixel capacitors.

[0022] Thus, it is possible to appropriately adjust the
common electrode voltage in the multi-domain liquid crystal
display device which includes, as the pixel capacitor, at least
the first pixel capacitor and the second pixel capacitor that
are provided in each pixel.

[0023] The liquid crystal display device may be arranged
so that: the common electrodes corresponding to the second
pixel capacitors are divided into a plurality of groups, and
the common electrode voltage supplying circuit supplies the
common electrode voltage of an equal value to each other to
the common electrodes corresponding to the first pixel
capacitors, and is capable of respectively adjusting the
common electrode voltages supplied to the common elec-
trodes corresponding to the second pixel capacitors inde-
pendently every groups.

[0024] Thus, with a simple structure, it is possible to
adjust the common electrode voltages supplied to the com-
mon electrodes of the multi-domain liquid crystal display
device which includes, as the pixel capacitor, at least the first
pixel capacitor and the second pixel capacitor that are
provided in each pixel.

[0025] The liquid crystal display device may be arranged
so that: the common electrodes corresponding to the first
pixel capacitors are divided into a plurality of groups, and
the common electrode corresponding to the second pixel
capacitors are divided into a plurality of groups, and the
common electrode voltage supplying circuit is capable of
respectively adjusting the common electrode voltage sup-
plied to the common electrodes corresponding to the first
pixel capacitor independently every groups and is capable of
respectively adjusting the common electrode voltages sup-
plied to the common electrodes corresponding to the second
pixel capacitors independently ever groups.

[0026] Thus, it is possible to delicately control the com-
mon electrode voltages supplied to the common electrodes
of the multi-domain liquid crystal display device which
includes, as the pixel capacitor, at least the first pixel
capacitor and the second pixel capacitor that are provided in
each pixel, that is, it is possible to delicately control a
display condition of the pixels.

[0027] The liquid crystal display device may be arranged
so that: the common electrodes are grouped for n lines of the
scanning lines (n includes one), where nis a positive integer.

[0028] The liquid crystal display device may be arranged
so that: the common electrode voltage supplying circuit
supplies a common electrode voltage which functions as a
reference common electrode voltage to a first group corre-
sponding to a scanning line centered in a direction in which
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the scanning lines are disposed, and the common electrode
voltage supplying circuit supplies a common electrode volt-
ages which is higher than the reference common electrode
voltage to a second group corresponding to a scanning line
positioned on the one side in the direction in which the
scanning lines are disposed, and the common electrode
voltage supplying circuit supplies a common electrode volt-
age which is lower than the reference common electrode
voltage to a third group corresponding to a scanning line
positioned on the other side in the direction in which the
scanning lines are disposed.

[0029] According to the foregoing arrangement, it is pos-
sible to perform appropriate adjustment required in widen-
ing the visual angle in a liquid crystal display device whose
display characteristic differs in the first group corresponding
to the scanning lines centered in the direction in which the
scanning signals are disposed, the second group correspond-
ing to the scanning lines positioned on one side in the
direction in which the scanning signals are disposed, and the
third group corresponding to the scanning lines positioned
on the other side in the direction in which the scanning
signals are disposed. In other words, it is possible to perform
appropriate adjustment required in widening the visual angle
in a liquid crystal display device whose display character-
istic differs in three areas divided in a direction, in which the
scanning lines are disposed, such as an up-and-down direc-
tion with respect to the image for example.

[0030] The liquid crystal display device may be arranged
so as to include a signal line driving circuit for supplying a
display signal voltage to each of the signal lines, wherein the
common electrode voltage supplying circuit is provided in
the signal line driving circuit.

[0031] The liquid crystal display device may be arranged
so that: the common electrode voltage supplying circuit
adjusts the common electrode voltages supplied to the
groups so that luminance of the pixels gradually varies so as
to be monotonously darker or so as to be monotonously
brighter from one end side to a center of the scanning lines
in a direction in which the scanning lines are disposed.

[0032] According to the foregoing arrangement, it is pos-
sible to perform appropriate adjustment required in widen-
ing the visual angle in a liquid crystal display device which
has such characteristic that: luminance of the pixels gradu-
ally varies so as to be darker or brighter while moving from
one side to a central in a direction, in which the scanning
lines are disposed, such as an up-and-down direction with
respect to the image for example.

[0033] The liquid crystal display device may be arranged
so that: the common electrode voltage supplying circuit
includes an input operation circuit which allows adjustment
amounts of the common electrode voltages to be inputted.

[0034] According to the foregoing arrangement, it is pos-
sible more easily adjust the common electrode voltages by
providing a pinch or the like (input operation circuit) on the
liquid crystal display device.

[0035] The liquid crystal display device may be arranged
s0 as to include: a scanning line driving circuit for driving
the scanning lines; and a reference voltage generating circuit
for generating reference voltages, having plural levels dif-
ferent from each other, which are supplied to the scanning
line driving circuit so as to make gradation display in
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accordance with a display signal, said reference voltage
generating circuit being capable of adjusting the reference
voltages.

[0036] Further, the method for driving the liquid crystal
display device may be arranged so as to include the step of
generating reference voltages, having plural levels, which
cause gradation display to be made in accordance with a
display signal, and adjusting the reference voltages.

[0037] According to the foregoing arrangement, reference
voltages, having plural levels, which cause gradation display
to be made in accordance with a display signal is generated,
and the reference voltages are adjusted, so that it is possible
to simplify a circuit for gradation display by making the
circuit rationalized and shared unlike an arrangement in
which a large number of resistance elements and switches
generate a large number of gradation voltages.

[0038] The liquid crystal display device may be arranged
so that: the reference voltage generating circuit adjusts the
reference voltages so that a predetermined gamma charac-
teristic is obtained in an arbitrary line of lines each of which
is constituted of the pixels provided in a direction in which
the scanning lines are disposed.

[0039] The method for driving the liquid crystal display
device may be arranged so that: the reference voltages are
adjusted so that a predetermined gamma characteristic is
obtained in an arbitrary line of lines each of which is
constituted of the pixels provided in a direction in which the
scanning lines are disposed.

[0040] According to the foregoing arrangement, it is pos-
sible to obtain not only the luminance of the pixels but also
a predetermined gamma characteristic in a line constituted
of the pixels disposed in a direction in which the scanning
lines are disposed, so that it is possible to realize more
preferable display.

[0041] The liquid crystal display device may be arranged
so as to include a correction information storage circuit for
storing adjustment amounts of the reference voltages,
wherein the reference voltage generating circuit adjusts the
reference voltages in accordance with the adjustment
amounts stored in the correction information storage circuit.

[0042] According to the foregoing arrangement, it is pos-
sible o casily adjust the gamma characteristic by rewriting
the adjustment amount stored in the correction information
storage circuit.

[0043] The liquid crystal display device may be arranged
so that: the reference voltage generating circuit adjusts the
reference voltages so that a gamma characteristic is obtained
in a line, constituted of the pixels, which is positioned on the
one side in a direction in which the scanning lines are
disposed and another gamma characteristic is obtained in a
line, constituted of the pixels, which is positioned on the
other side in the direction in which the scanning lines are
disposed, said gamma characteristics being different from
each other

[0044] According to the foregoing arrangement, it is pos-
sible to adjust the reference voltages so that a gamma
characteristic is obtained in a line, constituted of the pixels,
which is positioned on one side in a direction in which the
scanning lines are disposed and another gamma character-
istic is obtained in a line, constituted of the pixels, which is
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positioned on other side in the direction in which the
scanning lines are disposed, said gamma characteristics
being different from each other, so that it is possible to more
delicately adjust a display condition.

[0045] The liquid crystal display device may be arranged
so that: the reference voltage generating circuit adjusts the
reference voltages so as to obtain gamma characteristics
different from each other in a first line constituted of the
pixels provided on the one side in a direction in which the
scanning lines are disposed, a second line constituted of the
pixels provided on the other side in the direction in which
the scanning lines are disposed, and a third line constituted
of the pixels provided between the first line and the second
line so that the gamma characteristic obtained in the third
line is intermediate between the gamma characteristic
obtained in the first line and the gamma characteristic
obtained in the second line.

[0046] Thus, it is possible to appropriately adjust the
gamma characteristic in a direction, in which the scanning
lines are disposed, such as an up-and-down direction with
respect to the display image, so that it is possible to realize
more preferable display.

[0047] For a fuller understanding of the nature and advan-
tages of the invention, reference should be made to the
ensuing detailed description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] FIG. 1 is a circuit diagram showing a structure of
a TFT-type liquid crystal panel in one embodiment of the
present invention.

[0049] FIG. 2 is a block diagram showing a structure of a
liquid crystal display device provided with the liquid crystal
panel shown in FIG. 1.

[0050] FIG. 3 is a circuit diagram showing the liquid
crystal panel of FIG. 1 except for a driver.

[0051] FIG. 4 is a waveform schematic showing an
example of a general liquid crystal driving waveform.

[0052] FIG. 5 is a waveform schematic showing another
example of the liquid crystal driving waveform shown in
FIG. 4, and shows a case where a voltage applied to a liquid
crystal layer is lower than a voltage in a case of FIG. 4.

[0053] FIG. 6 is a block diagram showing a structure of a
source driver section provided with a source driver of the
liquid crystal display device shown in FIG. 2.

[0054] FIG. 7 is a block diagram schematically showing
a structure of a Veom adjustment circuit shown in FIG. 1.

[0055] FIG. 8(a) shows how a constant current source in
the Vcom adjustment circuit of FIG. 7 operates, and illus-
trates a case of obtaining an output voltage higher than a
reference voltage, and FIG. 8(b) illustrates a case of obtain-
ing an output voltage lower than the reference voltage.

[0056] FIG. 9 is a circuit diagram showing a structure of
the constant current source shown in FIG. 7.

[0057] FIG. 10 is a waveform schematic showing an
example of a liquid crystal driving waveform in the liquid
crystal display device shown in FIG. 2.
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[0058] FIG. 11 is a waveform schematic showing another
example of the liquid crystal driving waveform shown in
FIG. 10, and illustrates a case where the voltage applied to
the liquid crystal layer is lower than a voltage in a case of
FIG. 10.

[0059] FIG. 12 is a schematic showing a condition under
which a counter electrode voltage is applied from the Vcom
adjustment circuit of FIG. 1 to the liquid crystal panel.

[0060] FIG. 13 is a schematic showing a condition under
which the counter electrode voltage is applied from the
Veom adjustment circuit of FIG. 1 to the liquid crystal panel
in two sequential frames.

[0061] FIG. 14 is a circuit diagram showing a structure of
a liquid crystal display element corresponding to a single
pixel of a multi-domain liquid crystal panel.

[0062] FIG. 15 is a circuit diagram showing a condition
under which the structure of the liquid crystal panel of FIG.
1 is applied to the multi-domain liquid crystal panel.

[0063] FIG. 16 is a circuit diagram showing another
example of the structure of the liquid crystal panel that is
shown in FIG. 15.

[0064] FIG. 17 is a block diagram showing a structure of
a TFT-type liquid crystal display device in another embodi-
ment of the present invention.

[0065] FIG. 18 is a block diagram schematically showing
a structure of a reference voltage generating circuit shown in
FIG. 17.

[0066] FIG. 19 is a block diagram schematically showing
a structure of a conventional reference voltage generating

circuit compared with the reference voltage generating cir-
cuit of FIG. 18.

[0067] FIG. 20 is a block diagram showing a structure of
a y correction adjustment circuit shown in FIG. 18.

[0068] FIG. 21(a) shows how a constant current source of
the y correction adjustment circuit of FIG. 20 operates, and
illustrates a case of obtaining an output voltage higher than
a reference voltage, and FIG. 21(b) illustrates a case of
obtaining an output voltage lower than the reference voltage.

[0069] FIG. 22 is a circuit diagram showing a structure of
the constant current source shown in FIG. 20.

[0070] FIG. 23 is a graph showing a relationship (y
correction characteristic) between gradation display data
(digital input) and a liquid crystal driving output voltage
(analog voltage) in a reference voltage generating circuit
shown in FIG. 21(a) and FIG. 21(b).

[0071] FIG. 24 is a schematic showing a condition under
which y correction characteristics y1 and y2 that are shown
in FIG. 23 are applied to each pixel of the liquid crystal
panel.

[0072] FIG. 25 is a schematic showing a condition under
which the vy correction characteristics y1 and y2 that are
shown in FIG. 23 are applied to each pixel of the liquid
crystal panel in two sequential frames.

[0073] FIG. 26 is a schematic showing another example
of the process shown in FIG. 24, and shows a condition
under which y correction characteristics v1, y2, and 73 are
applied to each pixel.
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[0074] FIG. 27 is a schematic showing how a condition of
the liquid crystal panel varies in two sequential frames when

using the y correction characteristics Y1, y2, and y3 that are
shown in FIG. 26.

[0075] FIG. 28 is a block diagram schematically showing
a structure of the Vcom adjustment circuit shown in FIG.
17.

[0076] FIG. 29 is a graph showing a relationship between

a voltage applied to the liquid crystal cell and luminance
(transmittance) of a single pixel when the liquid crystal
panel is viewed from each angular position in viewing ®.

[0077] FIG. 30(a) illustrates a condition under which an
upper portion and a lower portion of the liquid crystal panel
are different from each other in terms of a visual angle, and
FIG. 30(b) illustrates a liquid crystal display device of the
present invention which solves the condition of FIG. 30(a),
and FIG. 30(c) is a block diagram schematically showing a
structure of a source driver used to solve the condition of
FIG. 30(a).

[0078] FIG. 31 is a circuit diagram showing a structure of
a single pixel, having two sub-pixels, which is provided in
the liquid crystal panel.

[0079] FIG. 32(a) is a graph showing a relationship
between a signal voltage in the pixel shown in FIG. 31 and
light intensity of the pixel, and FIG. 32(b) is a graph
obtained by partially enlarging a range of the light intensity
of the pixel that is shown in FIG. 32(a).

[0080] FIG. 33(a) shows a case where a visual angle
distribution of the liquid crystal display device is adjusted
into a predetermined condition, and illustrates a case of
setting an image 1o be clearly observed when viewed from
the upper side of the image, and FIG. 33(b) illustrates a case
of setting the image to be clearly observed when viewed
from the lower side of the image.

[0081] FIG. 34 illustrates an example of a visual angle
distribution of the present invention that can be obtained by
adjusting both the visual angle distributions shown in FIG.

33(2) and FIG. 33(b).

[0082] FIG. 35 illustrates a condition under which a visual
angle characteristic varies depending on whether an image is
viewed from the upper side or lower side in a conventional
liquid crystal display device with a large screen.

[0083] FIG. 36 illustrates a structure of a conventional
source driver for generating a voltage applied to the liquid
crystal panel by using each of voltages divided by a resis-
tance dividing circuit, and a condition under which the liquid
crystal panel displays an image by means of the source
driver.

[0084] FIG. 37 is a graph showing a v characteristic fixed
by the structure shown in FIG. 36.

[0085] FIG. 38(a) illustrates a structure of a source driver
of an embodiment of the present invention which source
driver generates a voltage applied to the liquid crystal panel,
and a condition under which the crystal panel displays an
image by means of the source driver, and FIG. 38(b)
illustrates a condition under which a voltage subjected to y
correction by means of the source driver is applied to the
liquid crystal panel.
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[0086] FIG. 39 illustrates a condition under which a
uniformly displaying technique based on division of the
counter electrodes and a y adjustment technique based on a
non-volatile memory internally provided are adopted with
respect to the liquid crystal display device of the embodi-
ment of the present invention.

[0087] FIG. 40 illustrates a structure of a display memory
provided in the liquid crystal display device of the embodi-
ment of the present invention.

[0088] FIG. 41 is a timing chart showing how the display
memory shown in FIG. 40 operates.

[0089] FIG. 42(a) illustrates a direction in which a liquid
crystal molecule is aligned in a front side of the liquid crystal
panel and a direction in which the liquid crystal molecule is
aligned in a rear side of the liquid crystal panel, FIG. 42(b)
illustrates a condition under which the liquid crystal mol-
ecule is aligned when viewed from an upper direction upon
setting the alignment directions as shown in FIG. 42(a), and
FIG. 42(c) illustrates a condition under which the liquid
crystal molecule is aligned when viewed from a right-and-
left direction upon setting the alignment directions as shown
in FIG. 42(a), and FIG. 42(d) illustrates a condition under
which the liquid crystal molecule is aligned when viewed
from an up-and-down direction upon setting the alignment
directions as shown in FIG. 42(a).

[0090] FIG. 43 is a graph showing a relationship between
a voltage applied to the liquid crystal and luminance in the
case where the liquid crystal panel is viewed from a front
direction and from an-up-and-down direction upon setting
the alignment directions as shown in FIG. 42(a).

DESCRIPTION OF THE PREFERRED

EMBODIMENTS
[0091] [Embodiment 1]
[0092] The following description will explain one

embodiment of the present invention with reference to the
drawings.

[0093] FIG. 2 is a block diagram showing a structure of a
liquid crystal display device (TFT liquid crystal module) of
the present embodiment.

[0094] The liquid crystal display device 1 is constituted of
a liquid crystal display section for displaying an image and
a liquid crystal driving section (liquid crystal driving circuit)
for driving the liquid crystal display section in terms of a
function. The liquid crystal display section includes a TFT-
system liquid crystal panel 8. The liquid crystal panel 8 has
a liquid crystal display element (not shown) and one or more
counter electrodes 7 described later.

[0095] The liquid crystal driving circuit includes a source
driver (signal line driving means) 2, a gate driver (scanning
line driving means) 3, a controller 4, and a liquid crystal
driving power source 5. The source driver 2 has a plurality
of source driver sections 11 each of which is constituted of
an IC (Integrated Circuit), that is, first to n-th source drivers.
Likewise, the gate driver 3 includes a plurality of gate driver
sections 12 each of which is constituted of an IC, that is, first
to m-th gate drivers.

[0096] Each of the source driver 2 and the gate driver 3 is
generally constituted, for example, of a TCP (Tape Carrier
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Package) in which the IC chip is provided on a film having
wirings. The TCP is provided on an ITO (Indium Tin Oxide)
terminal of the liquid crystal panel 8 so as to be connected
to the liquid crystal panel 8. Alternatively, the IC chip is
provided directly on the ITO terminal of the liquid crystal
panel 8 via an ACF (Anisotropic Conductive Film) in
accordance with thermal pressure so as to be connected to
the liquid crystal panel 8.

[0097] The controller 4 inputs display data D and a control
signal (start pulse SP or the like) to the source driver 2, and
inputs a vertical synchronization signal VS to the gate driver
3. Further, the controller 4 inputs a horizontal synchroniza-
tion signal LS to the source driver 2 and the gate driver 3.

[0098] FIG. 3 shows a structure of the liquid crystal panel
8. The liquid crystal panel 8§ includes a pixel electrode 21, a
pixel capacitor 22, a TFT 23 for controlling whether or not
to apply a voltage to a pixel electrode 21, a source line
(signal line) 24, a gate line (scanning line) 25, and the
counter electrode 7 (common electrode). Here, the pixel
electrode 21, the pixel capacitor 22, and the TFT 23 con-
stitute a liquid crystal display element A corresponding to a
single pixel.

[0099] As shown in FIG. 1, the counter electrodes 7 are
sequentially allocated to one or ¢ gate lines 25 (¢ is a positive
integer) as each group. Alternatively, the counter electrodes
7 are allocated to a plurality of gate lines 25 adjacent to each
other as each group. A Vcom adjustment circuit (common
electrode voltage supplying means) provided in the source
driver 2 supplies counter electrode voltages C respectively
to the counter electrodes 7 of each group.

[0100] For example, in a case where all the counter
electrodes 7 of the liquid crystal panel 8 are divided into a
first group 7(A), a second group 7(B), and a third group
7(C), the Vecom adjustment circuit 26 supplies counter
electrode voltages C1, C2, and C3 to the counter electrodes
7 of these first to third groups.

[0101] As to the foregoing structure, a display operation of
the liquid crystal display device 1 is described as follows.

[0102] Display data inputted from the outside is inputted
to the source driver 2 via the controller 4 as the display data
D which is a digital signal. The source driver 2 divides the
inputted display data D in terms of time so as to latch the
display data D to first to n-th source drivers. Thereafter, the
source driver 2 performs DA conversion in synchronism
with the horizontal synchronization signal LS inputted from
the controller 4. Further, an analog voltage (hereinafter,
referred to as gradation display voltage) for gradation dis-
play caused by performing the DA conversion with respect
to the display data D divided in terms of time is outputted via
the source line 24 to a corresponding liquid crystal display
element of the liquid crystal panel 8.

[0103] The source driver 2 supplies the gradation display
voltage, according to brightness of a target display pixel, to
the source line 24. While, the gate driver 3 supplies a
scanning signal, causing TFTs 23 to sequentially turn ON in
a row direction, to the gate line 25. Further, the gradation
display voltage of the source line 24 is applied via the TFT
23 turned ON to the counter electrode 7 connected to the
drain of the TFT 23, and is stored in the pixel capacitor 22
positioned between the counter electrode 7 and the pixel
electrode 21. In this manner, optical transmittance of the
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liquid crystal is varied according to the gradation display
voltage so as to display an image. Further, in the present
embodiment, the Vcom adjustment circuit 26 provided in the
source driver supplies the counter electrode voltages C1, C2,
and C3 respectively to three groups of the counter electrode
7: the first group 7(A), the second group 7(B), and the third
group 7(C).

[0104] FIG. 4 and FIG. 5 show an example of a general
liquid crystal driving waveform. In FIG. 4 and FIG. §, 31
and 35 indicate a driving waveform of an output from the
source driver 2, and 32 and 26 indicate a driving waveform
of an output from the gate driver 3. Further, 33 and 37
indicate a potential of the counter electrode 7, and 34 and 38
indicate a voltage waveform of a voltage of the pixel
electrode 21. Note that, a voltage applied to a liquid crystal
layer is a potential difference between the pixel electrode 21
and the counter electrode 7, and is indicated by a shaded area
in FIG. 4 and FIG. 5.

[0105] For example, in the case of FIG. 4., the TFT 23 is
ON only at a period in which a level of the driving waveform
32 of the gate driver 4 is high, so that a voltage correspond-
ing to a difference between the driving waveform 31 of the
source driver 3 and the potential 33 of the counter electrode
7 is applied to the pixel electrode 21. Thereafter, a level of
the driving waveform 32 of the gate driver 4 is low, so that
the TFT 23 is OFF. In this case, the pixel capacitor 22 exists
in the pixel, so that the aforementioned voltage is kept.

[0106] An operation indicated in FIG. 5 is substantially
the same as in FIG. 4. However, FIG, 5 is different from
FIG. 4 in terms of the voltage applied to the liquid crystal
layer. In the case of FIG. 4, the applied voltage is higher
than that of FIG. 5.

[0107] In the liquid crystal display device 1, the voltage
applied to the liquid crystal layer is varied as the analog
voltage in this manner, so that the optical transmittance of
the liquid crystal is varied in an analog manner, thereby
realizing multiple tone display.

[0108] Further, the liquid crystal display device 1 is to
solve the following problem: liquid crystal is aligned asym-
metrically particularly in an up-and-down direction, so that
a visual angle is narrowed. In order to solve such problem,
the liquid crystal display device 1 is arranged so that: as
described above, the counter electrodes 7 are divided into a
plurality of groups (7(A), 7(B), 7(C), . . . ), and different
counter electrode voltages C1, C2, C3, are applied from the
Veom adjustment circuit 26 of the source driver 2 to the
counter electrodes 7 of the groups respectively. Thus, it is
possible to vary the luminance characteristic so as to obtain
a most appropriate view at each angular position in viewing,
so that it is possible to correct color variation caused by the
difference in the angular position in viewing. Note that, in
the present embodiment, “angular position in viewing”
means an angle between a visual line (visual axis) and a
normal line of the display image. Further, “most appropriate
view” means a view which causes an image to seem uni-
formed in a direction of a visual line of an observer.

[0109] FIG. 6 is a block diagram showing an example of
a structure of a source driver section (n-th source driver) 11
of the source driver shown in FIG. 2.

[0110] FIG. 6 shows a condition of the source driver
section 11 in which the display data D (DR, DG, and DB)
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required in displaying an image are inputted in a serial
manner, and the display data D are temporarily latched by an
input latch circuit 47. Thereafter, in the sampling memory
circuit 42, the display data D that have been transmitted in
a time-divisional manner are sampled in accordance with an
output signal at each stage of the shift register circuit 41.
Then, the sampled display data D are outputted to a corre-
sponding hold memory circuit 43 at the next stage. S is a
cascade output.

[0111] The hold memory circuit 43 corresponds respec-
tively to the first to n-th pixels, i.e., the first to n-th source
lines 24 contained in the respective rows of the liquid crystal
panel 8.

[0112] The display data D inputted to the hold memory
circuit 43 are latched in accordance with the horizontal
synchronization signal LS. Thus, until the next horizontal
synchronization signal LS is inputted, the display data D
outputted from the hold memory circuit 43 are fixed.

[0113] The level shifter circuit 44 performs level conver-
sion, such as pressurization, with respect to the display data
D outputted from the hold memory circuit 43 so as to
correspond to a signal processing level of a DA conversion
circuit 45 positioned at the next stage, and the display data
D are inputted to the DA conversion circuit 45.

[0114] A reference voltage generating circuit 48 generates
a reference voltage of each level in accordance with an
original voltage VR. Specifically, when a potential that
should be given to the pixel is inputted from the power
source circuit (not shown), the potential is internally divided
so as to generate 64 types of gradation display potentials in
a case of 64-gradaion display for example, and the gradation
display potentials are outputted to the DA conversion circuit
45. The DA conversion circuit 45 selects a single gradation
display potential, corresponding to the display data D out-
putted from the level shifter circuit 44, out of 64 types of the
gradation display potentials for each pixel, and outputs the
single gradation display potential to an output circuit 46.

[0115] The output circuit 46 is a low impedance conver-
sion section constituted of a differential amplifier and the
like, and gives the gradation display potential selected by the
DA conversion circuit 45 to the respective first to n-th source
lines 24 of the liquid crystal panel 8. The gradation display
potential is maintained in one period of the horizontal
synchronization signal LS, i.e., one horizontal synchroniza-
tion period, and a gradation display potential corresponding
to new display data D is outputted at the next horizontal
synchronization period.

[0116] While, the gate driver 3 includes a shift register
circuit, a level shifter circuit, and an output circuit. In the
gate driver 3, the horizontal synchronization signal LS and
the vertical synchronization signal VS are inputted to the
shift register circuit, and the horizontal synchronization
signal LS is used as a clock so as to cause respective stages
in the shift register circuit to sequentially output the vertical
synchronization signals VS.

[0117] Outputs from the respective stages of the shift
register circuit respectively correspond to first to m-th
pixels, i.e., first to m-th gate lines 25 included in the
respective rows of the liquid crystal panel 8. The outputs
from the respective stages of the shift register circuit are
subjected to level conversion performed by the level shifter
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circuit, so that the outputs are pressurized to a voltage which
can control a gate of the TFT 23 of each pixel. Further, the
outputs are subjected to low impedance conversion by
means of the output circuit, and are outputted from the
output circuit to respective first to m-th gate lines 25 of the
liquid crystal panel 8. Each of the outputs from the gate
driver 3 is a scanning signal, and ON/OFF of the gate of the
TFT 23 in each pixel of the liquid crystal panel 8 is
controlled in accordance with the scanning signal.

[0118] Operations of the source driver section 11 of the
liquid crystal display device 1 are described as follows.

[0119] Each of the display data D (DR, DB, and DG)
transmitted from a controller 4 is 6 bits, and is temporarily
latched by an input latch circuit 47.

[0120] The shift register circuit 41 is a circuit for shifting,
that is, forwarding a start pulse signal SP from the controller
4. The start pulse signal SP is outputted from a terminal of
the controller 4, and is shifted by the shift register circuit 41
in accordance with a clock signal CK.

[0121] When eight source driver sections 11 are used for
example, the start pulse signal SP shifted by the shift register
circuit 41 is forwarded sequentially to the shift register
circuit 41 of the eighth source driver section 11 positioned
at the eighth stage.

[0122] Note that, each of blocks (each of the shift register
circuit 41 to the output circuit 46) is constituted of n stages
so as to correspond to first to n-th source electrodes of the
liquid crystal panel 8. In synchronism with outputs from
each stage of the shift register circuit 41, the display data D
latched by the input latch circuit 47 are temporarily stored in
a corresponding stage of a sampling memory circuit 42, and
is outputted to a corresponding stage of the next hold
memory circuit 43.

[0123] Whenn-sets of display data D are inputted from the
sampling memory circuit 42 in one horizontal synchroniza-
tion period, the hold memory circuit 43 fetches the display
data D from the sampling memory circuit 42 in accordance
with the horizontal synchronization signal LS (also referred
to as a latch signal) from the controller 4, so as to output the
display data D to a next hold memory circuit 43. Further, the
hold memory circuit maintains the display data D until a
next horizontal synchronization signal LS is inputted.
Operations thereafter are as described above.

[0124] Note that, the controller 4 repeatedly transmits the
display data D to the input latch circuit 47. Thus, a potential
corresponding to the display data D is periodically written
on the liquid crystal panel 8, so that display made in the
liquid crystal panel 8 is maintained.

[0125] As described later, the reference voltage generating
circuit 48 generates 64 patterns of reference voltages with
respect to liquid crystal driving voltage terminals of red,
green, and blue, so as to generate intermediate voltages for
gradation display. A voltage VR inputted to the circuit 48 is
supplied from an external liquid crystal driving power
source.

[0126] The DA conversion circuit 45 converts each of
6-bit display data signals (digital signals) of RGB, outputted
from the hold memory circuit 43, that have been converted
by the level shifter circuit 4, into an analog signal in
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accordance with 64 patterns of the intermediate voltages, so
as to output the display data signals to the output circuit 46.

[0127] The output circuit 46 amplifies the analog signal of
64 levels so as to output the amplified analog signal to the
liquid crystal panel 8 as a gradation display voltage.

[0128] FIG. 7 is a block diagram schematically showing
an example of how the Veom adjustment circuit 26 of each
source driver section 11 is arranged. The Veom adjustment
circuit 26 includes a single resistance element R for causing
a voltage to drop, two constant current sources 51 and 52,
and a buffer amplifier 53. Making use of the voltage drop
caused by applying a current to the resistance element R, the
Vcom adjustment circuit 26 shifts the inputted voltage up or
down merely by a constant voltage, thereby adjusting a
Vcom voltage. The Veom adjustment circuit 26 arranged in
this manner operates as follows.

[0129] To an input terminal 54 of the Vcom adjustment
circuit 26, for example, a voltage Vcom (Vref) which
functions as a reference voltage is supplied. Further, in a
case of obtaining an output voltage higher or lower than the
reference voltage Veom (Vref), a current that the constant
current sources 51 and 52 cause to flow to the resistance
element R is varied. Making use of the voltage drop caused
by the resistance element R, the output terminal 55 outputs
a voltage Vout obtained by shifting the inputted voltage up
or down corresponding to the voltage drop caused by the
resistance element R.

[0130] That is, in the case of obtaining the output voltage
Vout higher than the reference voltage Vecom (Vref), the
voltage is adjusted so that Vout=Vref+i-R, or in the case of
obtaining the output voltage Vout lower than the reference
voltage Vcom (Vref), the voltage is adjusted so that Vout=
Vref-i-R.

[0131] FIG. 8(a) and FIG. 8(b) show how a voltage the
constant current sources 51 and 52 cause to flow in the
resistance element R varies in the case of obtaining the
output voltage Vout higher than the reference voltage Vcom
(Vref) (FIG. 8(z)) and in the case of obtaining the output
voltage Vout lower than the reference voltage Veom (Vref)

(FIG. 8(b)).

[0132] In this case, as shown in FIG. 8(a), the constant
current source 51 positioned nearer to the input terminal 54
than the resistance element R is grounded, and the constant
current source 52 positioned nearer to the output terminal 55
than the resistance element R is connected to a power
source, so that the resistance element R allows a current 1 to
flow from the constant current source 52 to the constant
current source 51 in a forward direction. As a result, the
output voltage Vout outputted from the output terminal 55,
in the case where the reference voltage Veom (Vref) is
inputted from the input terminal 54, becomes a voltage,
higher than the reference voltage Vcom (Vref) so as to
correspond to the voltage drop caused by the resistance
element R, which is such that Vout=Vref+i-R.

[0133] While, as shown in FIG. 8(b), the constant current
source 51 is connected to the power source, and the constant
current source 52 is grounded, so that the resistance element
R allows a current i to flow from the constant current source
31 to the constant current source 52 in a backward direction.
As a result, the output voltage Vout outputted from the
output terminal 55, in the case where the reference voltage
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Veom (Vref) is inputted from the input terminal 54, becomes
a voltage, lower than the reference voltage Veom (Vret) so
as to correspond to the voltage drop caused by the resistance
element R, which is such that Vout=Vref-i-R.

[0134] In ecach Vcom adjustment circuit 26, the current
value is switchable into plural values in the constant current
sources 51 and 52, and the connection is switchable so as to
be grounded or to be connected to the power source. Thus,
by controlling the switching operations in accordance with
the adjustment data (DL), it is possible to finely adjust the
counter electrode voltages.

[0135] Note that, the adjustment data is inputted from the
outside to a data latch circuit 56 (see FIG. 9) of the Vcom
adjustment circuit 26 so as to be latched. The data latch
circuit 56 may be constituted of a nonvolatile memory such
as a flash memory and FRAM.

[0136] FIG. 9 shows a circuit arrangement of a constant
current source section, corresponding to the constant current
sources 51 and 52 of the Vcom adjustment circuit 26 (not
only the constant current sources but also the resistance
element R), which can switch the current value and can
switch so as to be grounded or be connected to the power
source.

[0137] The constant current source section is connected to
the power source, and includes five constant current sources
i, 21, 41, 8, and 161, each of which generates a current 21
weighted by 2 where n is a positive integer. Further, each
constant current source 2™ i is connected to the one end of
the resistance clement R and the output terminal 55 via a
switch+2 * which is turned ON by a control signal of
+20-0 Further, the constant current source 21 is con-
nected to the other end of the resistance element R and the
input terminal 54 via a switch-2®" which is turned ON by
a control signal of -2@D,

[0138] Further, the constant current source is grounded,
likewise, and includes five constant current sources 1, 21, 41,
8i, and 16i, each of which generates a current 2y
weighted by 22 where n is a positive integer. Further, each
constant current source 21 is connected to the other end
of the resistance element R and the input terminal 54 via the
switch+2™ ¥ which is turned ON by the control signal of
+20D Further, the constant current source 2®Vi is con-
nected to the one end of the resistance element R and the
output terminal 55 via the switch-2" which is turned ON
by a control signal of -2,

[0139] That is, in the constant current source section, the
constant current source 2™Vi which is connected to the
input terminal 54 via the switch +2™% or the switch 2™
nfunctions as the constant current source 51 of FIG. 8(a)
and FIG. 8(b), and the constant current source 21 which
is connected to the output terminal 55 via the switch +2™%
or the switch -2 functions as the constant current source
52 of FIG. 8(a) and FIG. 8(b). Further, in accordance with
the adjustment data, i.e., multi-bit digital data of signed
binary, latched by the data latch circuit 56, which is
expressed in terms of a complementary expression based on
2, ONJOFF of each switch +2®Y and ON/OFF of each
switch 20D are controlled, so that it is possible to switch
the voltage value concerning the constant current sources 51
and 52, and to switch the connection of constant current
sources 51 and 52 so as to be connected to the power source
or be grounded.



US 2004/0164943 Al

[0140] According to the foregoing arrangement, it is pos-
sible to vary a value and a direction of the current flowing
in the resistance element R, so that it is possible to output the
voltage Vout obtained by shifting the input voltage Vin up or
down by several stages so as to correspond to the drop of the
voltage flowing in the resistance element R. This function is
exemplified as follows.

[0141] The following description will be made on the
assumption that the adjustment data (DL) is 6-bit data. In
accordance with the adjustment data indicated by 6 bits in
this manner, it is possible to perform adjustment with 64
levels ranging from =32 to +31 levels.

[0142] 1In FIG. 9, the constant current sources 1, 2i, 41, 81,
and 16i respectively generate the current values i, 2i, 4i, 8i,
and 16i, each of which is weighted by 2%, Further, the
switch +2® and the switch -2 are turned ON/OFF in
accordance with the adjustment data (DL). The following
description will explain how the Vcom adjustment circuit 26
operates on the basis of the 6-bit adjustment data.

[0143] A case where the adjustment data (DL) is
“+1:(000001)” is described as a first case. In this case,
merely two switches+2° are turned ON, and all the other
switches are turned OFF. This condition is shown in FIG.

8(a).

[0144] That is, a current “I total” which flows to the
resistance element R is the same as in the constant current
source i, and flows in a forward direction. Thus, the output
voltage Vout becomes higher than the inputted reference
voltage Vin so as to correspond to the voltage drop caused
by the resistance element R, so that it is possible to obtain
such an output voltage that Vout=Vin+ixR. This is a voltage
higher than the inputted reference voltage Vin by (ixR).

[0145] Further, a case where the adjustment data (DL) is
“-9:(101001)"—is described as another case. In this case,
four switches: two switches -2° and two switches —2° are
turned ON, and all the other switches are turned OFF. This
condition is shown in FIG. 8(b).

[0146] That is, a current “I total” which flows to the
resistance element R becomes 9i which is a total of (i) a
current of the constant current source i and (ii) a current of
the constant current source &i, and flows in a backward
direction. Thus, the output voltage Vout becomes lower than
the inputted reference voltage Vin so as to correspond to the
voltage drop caused by the resistance element R, so that it
is possible to obtain such an output voltage that Vout=Vin-
9ixR. This is a voltage lower than the input reference voltage
Vin by 9 times of (ixR).

[0147] That is, by using multi-bit digital data of signed
binary expressed in terms of a complementary expression
based on 2 as the adjustment data, it is possible to cause (i)
a bit number n and (ii) a weight (scale factor) 2 of a value
of a current flowing to the resistance element R to corre-
spond to each other via the switches+2® ™ and -2V, Thus,
it is possible to obtain an adjustment amount whose scale
factor corresponds to the adjustment data (DL). That is, it is
possible to easily designate the adjustment amount of the
reference value in accordance with the adjustment data
(DL).

[0148] Further, the liquid crystal display device 1 of the
present embodiment solves such a problem that: liquid
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crystal is aligned so asymmetrically particularly in an up-
and-down direction in the liquid crystal panel, so that a view
angle is narrowed. Thus, in the liquid crystal display device
1, the counter electrodes 7 are divided into a plurality of
groups, and the counter electrode voltages C1, C2, C3, . ..
outputted by the Veom adjustment circuit 26 provided in the
source driver are applied to arbitrary lines of the counter
electrodes 7. Thus, it is possible to vary a luminance
characteristic so as to obtain a most appropriate view at each
angular position in viewing, so that it is possible to correct
color variation caused by difference in the angular position
in viewing.

[0149] FIG. 10 and FIG. 11 show an example of a liquid
crystal driving waveform. In FIG. 10 and FIG. 11, as in the
case shown in FIG. 4 and FIG. 5, each of 31 and 35 is a
driving waveform of an output from the source driver 2, and
each of 32 and 36 is a driving waveform of an output from
the gate driver 3.

[0150] Further, each of 61 and 62 is a polarity driving
potential (counter electrode voltage C) applied to the counter
electrode 7, and the counter electrode voltages C1 to C3
outputted from the Veom adjustment circuit 26 are applied
to the counter electrodes 7 of three groups: the first group
7(A) to the third group 7(C). That is, the counter electrode
voltage C1 is applied to the counter electrodes 7 of the first
group 7(A), and the counter electrode voltage C2 is applied
to the counter electrodes 7 of the second group 7(B), and the
counter electrode voltage C3 is applied to the counter
electrodes 7 of the third group 7(C).

[0151] The counter electrode voltage C2 (Vref) which
functions as a standard voltage is applied to the second
group 7(B). Further, as to the counter electrode voltage C1
applied to the first group 7(A) and the counter electrode
voltage C3 applied to the third group 7(C), the one is set to
be higher than the counter electrode voltage C2 (Vref) which
functions as a standard voltage, and the other is set to be
lower than the counter electrode voltage C2. Thus, in the
up-and-down direction with respect to the liquid crystal
panel 8, it is possible to widely vary the view angle
characteristic. Note that, each of the counter electrode
driving potentials 61 and 62 shown in FIG. 10 and FIG. 11
is described as a potential having a predetermined width so
as to correspond to the counter electrode voltages C1 to C3.

[0152] Here, the following description explains compari-
son between the aforementioned case of the liquid crystal
driving waveform shown in FIG. 4 and the aforementioned
case of the liquid crystal driving waveform shown in FIG.
10 for example.

[0153] In the case of the liquid crystal driving waveform
shown in FIG. 4, the TFT 23 is ON merely at a period in
which a level of the driving waveform 32 of the gate driver
4 is high, so that a voltage difference between the driving
waveform 31 of the source driver 3 and the potential 33 of
the counter electrode 7 is applied to the pixel electrode 21.
Thereafter, a level of the driving waveform 32 of the gate
driver 4 becomes low, so that the TFT 23 is turned OFF. In
this case, the pixel capacitor 22 exists in the pixel, so that the
foregoing voltage is maintained.

[0154] In the case of the liquid crystal driving waveform
shown in FIG. 10, basic operations such as ON/OFF of the
TFT 23 are the same. However, the same potential is not
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given to all the counter electrodes 7, but different potentials
are applied to different groups of the counter electrode 7 for
example, so that the case of FIG. 10 is different from the
case of FIG. 4 in terms of a display condition of the liquid
crystal panel 8.

[0155] FIG. 12 shows an example of a condition of a
potential in each pixel dot in the case where different counter
electrode voltages C1 to C3 are applied from the Vcom
adjustment circuit 26 to the counter electrodes 7 of the first
group 7(A) to the third group 7(C).

[0156] InFIG. 12,the counter electrode voltage C2 which
functions as a standard voltage is supplied to the pixel dots
that are not positioned in a shaded area (pixel dots exist in
four rows between an uppermost row and a lowermost row
in FIG. 12), and the counter electrode voltages C1 and C3
that are different from the counter electrode voltage C2 are
supplied to pixel dots that are positioned in the shaded area
(pixel dots positioned in the uppermost row and the lower-
most row in FIG. 12). Note that, + and - in FIG. 12 show
that the polarities of the voltages applied to the pixel dots are
inverted by a dot inversion process. Further, a single square
represents a single pixel dot.

[0157] Further, FIG. 13 shows an example of the pixel
dots corresponding to two sequential frames (frame n, frame
n+1) in the driving condition of FIG. 12, and shows a case
where the counter electrode voltage C is varied for each
frame.

[0158] The liquid crystal display device 1 is controlled so
that the counter electrode voltage C is varied for each group
of the counter electrodes 7 as described above, so that 1t is
possible to display an image which can be appropriately
viewed at a wide visual angle in the up-and-down direction
with respect to the liquid crystal panel 8.

[0159] In the foregoing example, two types of counter
electrode voltages C whose potentials are different from that
of the counter electrode voltage C functioning as a standard
voltage are applied to arbitrary lines of the counter elec-
trodes 7 within one frame, so that the visual angle is widened
in the up-and-down direction with respect to the liquid
crystal panel 8. However, it may be so arranged that three or
more types of counter electrode voltages C are applied to
arbitrary lines of the counter electrodes 7 with a single
counter electrode voltage C being regarded as a standard
voltage.

[0160] Next, the following description shows an example
where the arrangement of the present invention is applied to
a multi-domain liquid crystal panel.

[0161] As shown in FIG. 14, in a multi-domain liquid
crystal panel 108, a source line 124, a gate line 125, and a
TFT 123 are disposed in the same manner as the source line
24, the gate line 25, and the TFT 23. However, the multi-
domain liquid crystal panel 108 includes two pixel capaci-
tors 122a and 122b, and a pixel electrode 121 connected to
the pixel capacitors 1224 and 122b is connected to a drain
of the TFT 123. Note that, the pixel electrode 121, the pixel
capacitors 122g and 122b, and the TFT 123 constitute a
liquid crystal display element A corresponding to a single
pixel.

[0162] The multi-domain liquid crystal panel 108 is
arranged so that: in a single liquid crystal display element A,
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counter electrodes are divided into (i) a counter electrode
1074 corresponding to the pixel capacitor 1224 and (ii) a
counter electrode 1076 corresponding to the pixel capacitor
122b, and these counter electrodes are respectively con-
trolled.

[0163] FIG. 15 shows an example of how the multi-
domain liquid crystal panel 108 is arranged. In the multi-
domain liquid crystal panel 108, as in the liquid crystal panel
8, the counter electrodes 1074 and 107b are sequentially
grouped for one or e gate lines 125 (e is a positive integer).
Alternatively, the counter electrodes 107g and 107b are
grouped for a plurality of gate lines 125 adjacent to each
other. Here, as in the case of the liquid crystal panel 8, the
counter electrodes 107a and 107b are divided into a first
group 107(A), a second group 107(B), and a third group
107(C) for example.

[0164] Further, the multi-domain liquid crystal panel 108
includes a source driver 102 corresponding to the source
driver 2 and a gate driver 103 corresponding to the gate
driver 3, and the source driver 102 has a Vcom adjustment
circuit 126. The Vcom adjustment circuit 126 is arranged so
as to correspond to the Veom adjustment circuit 26, and can
output at least counter electrode voltages C1 to C4. The
Vecom adjustment circuit 126 can adjust values of the
outputted counter electrode voltages C1 to C4 as in the
Vcom adjustment circuit 26.

[0165] In the multi-domain liquid crystal panel 108, the
counter electrode voltage C1 is supplied from the Vcom
adjustment circuit 126 so as to be shared by the counter
electrodes 1074 of the respective groups. Further, the Vcom
adjustment circuit 126 supplies the counter electrode voltage
C2 to the counter electrode 1075 of the first group 107(A),
and supplies the counter electrode voltage C3 to the counter
electrode 107 of the second group 107(B), and supplies the
counter electrode voltage C4 to the counter electrode 107b
of the third group 107(C).

[0166] In this manner, the multi-domain liquid crystal
panel 108 is arranged so that the counter electrode voltages
C applied to the counter electrodes 107b are respectively
controlled. Thus, as in the liquid crystal panel 8, it is possible
to widen the visual angle in the up-and-down direction with
respect to the multi-domain liquid crystal panel 108.

[0167] FIG. 16 shows a multi-domain liquid crystal panel
208 arranged so that: the counter electrodes 1074 and 107b
are sequentially grouped for one or ¢ gate lines 125 (¢ is a
positive integer), and the counter electrode voltages C
applied to the counter electrode 107a and the counter
electrodes 107b are respectively controlled for each group.

[0168] In this case, a Vcom adjustment circuit 226 of a
source driver 202 is arranged so as to correspond to the
Vcom adjustment circuit 26, and can output at least counter
electrode voltages C1 to C6. The Vcom adjustment circuit
226 can adjust values of the counter electrode voltages C1
to C6.

[0169] In the multi-domain liquid crystal panel 208, the
counter electrodes 107¢ and 107b are divided into a first
group 207(A), a second group 207(B), and a third group
207(C) for example. In the multi-domain liquid crystal panel
208, the Vcom adjustment circuit 226 supplies the counter
electrode voltage C3 to the counter electrode 107a of the
first group 207(A), and supplies the counter electrode volt-
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age C2 to the counter electrode 107a of the second group
207(B), and supplies the counter electrode voltage C1 to the
counter electrode 107a of the third group 207(C). Further,
the Vcom adjustment circuit 226 supplies the counter elec-
trode voltage C4 to the counter electrode 107b of the first
group 207(A), and supplies the counter electrode voltage C5
to the counter electrode 107b of the second group 207(B),
and supplies the counter electrode voltage C6 to the counter
electrode 1075 of the third group 207(C).

[0170] In this manner, the multi-domain liquid crystal
panel 208 is arranged so that the counter electrode voltages
C applied to the counter electrodes 107a and 1075 are
respectively controlled for each group. Thus, as in the liquid
crystal panel 8, it is possible to widen the visual angle in the
up-and-down direction with respect to the multi-domain
liquid crystal panel 208.

[0171] [Embodiment 2]

[0172] The following description will explain another
embodiment of the present invention with reference to
drawings.

[0173] FIG. 17 is a block diagram showing a structure of
a liquid crystal display device (TFT liquid crystal module)
501 of the present embodiment. Note that, FIG. 17 shows
merely main components and signal paths, and does not
show a power source circuit and paths of partial signals such
as a clock signal, a reset signal, and a selection signal.

[0174] The liquid crystal display device 501 includes a
liquid crystal panel 510 (having a counter electrode 7), a
source driver 512, a gate driver 513, and an MPU (micro
processor unit) 514 which functions as a control circuit.

[0175] The liquid crystal panel 510 includes a TFT-type
pixel in which n source lines 24 and m gate lines 25 are
formed so that (horizontal direction n pixels)x(vertical
direction m pixels).

[0176] Note that, a single line in which pixels are disposed
in a horizontal direction is referred to as “column”, and a
single line in which pixels are disposed in a vertical direction
is referred to as “row”. Here, n=1028xRGB and m=900, and
an image based on 64 gradation (6 bits) ranging from 0
gradation to 63 gradation is displayed in each pixel. Note
that, in each column, pixels respectively displaying colors of
R (red), G (green), and B (blue) are repeatedly disposed.

[0177] The liquid crystal panel 510 is arranged as shown
in FIG. 3 for example, and the counter electrodes 7 are
sequentially grouped for one or e gate lines 25 (¢ is a positive
integer)(groups: a first group 7(A), a second group 7(B), and
a third group 7(C)) as described above.

[0178] In this case, the Vecom adjustment circuit 517 is
arranged so as to correspond to the Vcom adjustment circuit
26. The Vcom adjustment circuit 517 supplies counter
electrode voltages C respectively to the counter electrodes 7
of the groups. That is, as shown in FIG. 1, the counter
electrode voltage C1 is supplied to the first group 7(A), and
the counter electrode voltage C2 is supplied to the second
group 7(B), and the counter electrode voltage C3 is supplied
to the third group 7(C). Thus, it is possible to widen the
visual angle in the up-and-down direction with respect to the
liquid crystal panel 510 as in the foregoing arrangements.

[0179] Further, the liquid crystal panel 510 may be
arranged in the same manner as in the multi-domain liquid
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crystal panel 108 shown in FIG. 14 and FIG. 15. In this
case, the Vecom adjustment circuit 517 is arranged so as to
correspond to the Vcom adjustment circuit 126.

[0180] In such arrangement, as in the multi-domain liquid
crystal panel 108, the counter electrodes 1074 and 107b are
divided into a first group 107(A), a second group 107(B),
and a third group 107(C), and the Vcom adjustment circuit
517 supplies the counter electrode voltage C3 so as to be
shared by the counter electrodes 107a of the respective
groups. Further, the Veom adjustment circuit 517 supplies
the counter electrode voltage C4 to the counter electrode
1076 of the first group 107(A), and supplies the counter
electrode voltage C5 to the counter electrode 107b of the
second group 107(B), and supplies the counter electrode
voltage C6 to the counter electrode 107b of the third group
107(C). Thus, it is possible to widen the visual angle in the
up-and-down direction with respect to the liquid crystal
panel 510 as in the foregoing arrangements.

[0181] Further, the liquid crystal panel 510 may be
arranged in the same manner as in the multi-domain liquid
crystal panel 208. In this case, the Vcom adjustment circuit
517 is arranged so as to correspond to the Veom adjustment
circuit 226.

[0182] Insuch arrangement, the liquid crystal panel 510 is
arranged so that: as in the multi-domain liquid crystal panel
208, the counter electrodes 107 and 1075 are divided into
a first group 207(A), a second group 207(B), and a third
group 207(C), and the Vcom adjustment circuit 517 supplies
the counter electrode voltage C3 to the counter electrode
107a of the first group 207(A), and supplies the counter
electrode voltage C2 to the counter electrode 107a of the
second group 207(B), and supplies the counter electrode
voltage C1 to the counter electrode 107z of the third group
207(C). Further, the Veom adjustment circuit 517 supplies
the counter electrode voltage C4 to the counter electrode
1076 of the first group 107(A), and supplies the counter
electrode voltage C5 to the counter electrode 107b of the
second group 107(B), and supplies the counter electrode
voltage C6 to the counter electrode 107b of the third group
107(C). Thus, it is possible to widen the visual angle as in
the foregoing arrangements.

[0183] Examples of its liquid crystal driving waveform
include the liquid crystal driving waveforms shown in FIG.
10 and FIG. 11.

[0184] The source driver 512 and the gate driver 513 are
connected to the liquid crystal panel 510, and the source
driver 512 and the gate driver 513 are connected to the MPU
514.

[0185] Note that, in an example shown in FIG. 17, it is so
arranged that the liquid crystal panel 510 is driven by a
single source driver 512 and a single gate driver 513.
However, each of the source driver 512 and the gate driver
513 is constituted of a one-chip LSI, or a plurality of LSIs.
In this manner, it is possible to vary the arrangement thereof.

[0186] The MPU 514 outputs a horizontal synchronization
signal LS, a start pulse signal SP, a reference voltage Vcom
(Vref), an original voltage VR, display data D1, and a
display memory control signal Cm to the source driver 512.

[0187] The source driver 512 includes a peripheral circuit
518, a reference voltage generating circuit (reference volt-
age generating means) 521, and a source driver section 520.
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[0188] The peripheral circuit 518 stores static image data
and character display data in display memories 515 and 516,
and controls their reading operation. The peripheral circuit
518 includes: two circuits 5§19 each of which has an input/
output circuit 522, a command decoder 524, an X address
decoder (column decoder) 525, and a Y address decoder
(row decoder) 526; and display memories 515 and 516.

[0189] Each of the display memories 515 and 516 can
store display data corresponding to such pixels that hori-
zontal direction n pixelsxvertical direction m pixels. Each of
the display memories 515 and 516 is constituted of a
nonvolatile memory such as a resistor, a flash memory, OPT,
EEPROM or FeRAM (ferroelectric memory). Further, each
of the display memories 515 and 516 may be a memory
having a ROM structure.

[0190] Each of the display memories 515 and 516 stores
not only the static image data and the character display data
but also adjustment data D2 for controlling a gradation
display reference voltage and adjustment data D3 for con-
trolling the counter electrode voltage C. That is, the display
memory (correction information storage means) 515 stores
the adjustment data D2, and the display memory (correction
information storage means) 516 stores the adjustment data
D3.

[0191] The display memory 515 reads the adjustment data
D2 in accordance with a display memory control signal Cm
outputted from the MPU 514, and the adjustment D2 is
inputted to the reference voltage generating circuit 521.
Further, the display memory 516 reads the adjustment data
D3 in accordance with a display memory control signal Cm1
outputted from the MPU 514, and the adjustment data D3 is
inputted to the Vcom adjustment circuit 517.

[0192] Note that, the adjustment data D3 is read out when
the power source of the liquid crystal driving section is
turned ON for example, and the adjustment data D2 is read
out in synchronism with every 1 to m scanning signals. In
this manner, the adjustment data D2 is read out from the
display memory 515 at a timing different from a timing at
which the adjustment data D3 is read out from the display
memory 516. Thus, FIG. 17 shows two display memories
515 and 516 for convenience in the description. However, a
single memory can correspond to the display memories 515
and 516.

[0193] Further, FIG. 17 shows a condition under which
merely the adjustment data D2 and D3 are dealt in the
display memories 515 and 516, but also the static image data
and the character display data are dealt. That is, by means of
a selector circuit (not shown) provided between the sam-
pling memory circuit 42 and the hold memory circuit 43, (i)
a signal outputted from the sampling memory circuit 42 and
(ii) read-out data (the static image data and the character
display data) outputted from the display memories 515 and
516 are selected, and are inputted to the hold memory circuit
43.

[0194] The source driver section 520 corresponds to the
source driver section 11 shown in FIG. 6, and is arranged in
the same manner as in the source driver section 11, and
performs the following operations likewise.

[0195] The digital display data D1 transmitted from the
MPU 514 is 6-bit data corresponding to each pixel for
example, and is temporarily latched by the input latch circuit
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47. While, the shift register circuit 41 shifts the start pulse
SP inputted from the MPU 514 in synchronism with a
forwarding clock (not shown).

[0196] Inacase where eight source driver sections 520 are
used for example, the start pulse SP shifted by the shift
register circuit 41 is forwarded to the shift register circuit 41
of the eighth source driver 520 positioned at the eighth stage
in a sequential manner.

[0197] Note that, each of the shift register circuit 41 to the
output circuit 46 is constituted of n stages so as to corre-
spond to n source electrodes ranging from first to n-th source
electrodes of the liquid crystal panel 510.

[0198] In synchronism with an output from each stage of
the shift register circuit 41, the display data D1 that has been
latched by the input latch circuit 47 is temporarily stored in
a corresponding stage of the sampling memory circuit 42,
and the display data D 1 is outputted to a corresponding
stage of a hold memory circuit 43 positioned next thereto.

[0199] When n sets of display data D1 in one horizontal
period is inputted from the sampling memory circuit 42 to
the hold memory circuit 43, in response to a horizontal
synchronization signal LS (also referred to as a latch signal)
outputted from the MPU 514, the display data D1 is fetched
from the sampling memory circuit 42, so as to output the
display data D1 to a level shifter circuit 44 positioned next
thereto. Further, the hold memory circuit 43 retains the
display data D1 until a next horizontal synchronization
signal LS is inputted. Operations thereafter are as described
above.

[0200] Note that, the MPU 514 repeatedly transmits the
display data D1 to the input latch circuit 47. Thus, a potential
corresponding to the display data D1 is periodically written
on the liquid crystal panel 510, and display based on the
liquid crystal is kept in the liquid crystal panel 510.

[0201] The reference voltage generating circuit 521 gen-
erates, for example, 64 patterns of reference voltages so as
to output the reference voltages to liquid crystal driving
voltage output terminals corresponding to colors of red,
green, and blue, and generates intermediate voltages for
gradation display. An original voltage VR inputted to the
circuit 48 is supplied from an external liquid erystal driving
power source (not shown) via the MPU 514.

[0202] Further, the adjustment data D2 read out from the
display memory 515 in accordance with the memory control
signal Cm is inputted to the reference voltage generating
circuit 521.

[0203] The DA conversion circuit 45 converts a voltage
selected from the 64 patterns of intermediate voltages into
analog signals so as to output the voltages to the output
circuit 46 in accordance with 6-bit display data signals
(digital) of RGB that have been converted by the level
shifter circuit 44.

[0204] The output circuit 46 amplifies the analog signals
having 64 levels so as to output the analog signals to the
liquid crystal panel 510 as gradation display voltages.

[0205] FIG. 18 is a block diagram showing a structure of
the reference voltage generating circuit 521 of the present
embodiment.
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[0206] The reference voltage generating circuit 521
includes: two voltage input terminals (a lowest voltage input
terminal V0 and a highest voltage input terminal V64); eight
resistance elements R0 to R7 each of which has a resistance
ratio for performing y correction so as to prepare a reference
voltage; and a y correction adjustment circuit 531 for finely
adjusting each reference voltage, obtained by means of the
resistance elements R0 to R7, that has been subjected to the
¥ correction, so as to be higher or lower within a certain
range.

[0207] Further, there are provided 64 resistors (not
shown): eight resistors connected to each other in series are
provided between the lowest potential voltage input terminal
V0 and an output terminal of the y correction adjustment
circuit 531 adjacent thereto, and eight resistors connected to
each other in series are provided between output terminals of
the y correction adjustment circuits 531 adjacent to each
other, and eight resistors connected to each other in series
are provided between the highest potential voltage input
terminal V64 and an output terminal of the y correction
adjustment circuit 531 adjacent thereto. Thus, the reference
voltage generating circuit 521 can generate 64 patterns of
voltages.

[0208] Since the reference voltage generating circuit 521
is arranged in the foregoing manner, it is not necessary to
provide nine halftone voltage input terminals V0 to V64
unlike the conventional reference voltage generating circuit
541 for gradation display that is shown in FIG. 19, so that
it is possible to generate the intermediate voltage in the
reference voltage generating circuit 521.

[0209] FIG. 20 is a block diagram schematically showing
a structure of the y correction adjustment circuit 531. The y
correction adjustment circuit 531 includes: a single resis-
tance element R for dropping a voltage; two constant current
sources 534 and 535; and a buffer amplifier 546. Further,
making use of the voltage drop obtained by causing a current
to flow to the resistance element R, the v correction adjust-
ment circuit 531 adjusts an output voltage by shifting an
inputted voltage up or down by a certain voltage. The y
correction adjustment circuit 531 arranged in this manner
operates as follows.

[0210] For example, a voltage Vref which functions as a
reference voltage is supplied to the y correction adjustment
circuit 531. Then, in a case of obtaining an output voltage
higher or lower than the reference voltage, the current
flowing to the resistance element R is varied by the constant
current sources 534 and 535, and the voltage Vout obtained
by causing the resistance element R to shift the inputted
voltage so as to correspond to the voltage drop is outputted
from the output terminal 533 in accordance with the voltage
drop caused by the resistance element R.

[0211] That is, in a case of obtaining the output voltage
Vout higher than the reference voltage Vref, the y correction
adjustment circuit 531 adjusts the voltage so that Vout=
Vref+i'R. Alternatively, in a case of obtaining the output
voltage Vout lower than the reference voltage Vref, the y
correction adjustment circuit 531 adjusts the voltage so that
Vout=Vref-i-R.

[0212] FIG. 21(a) shows how the current flowing in the
resistance element R is varied by the operations of the
constant current sources 534 and 535 in the case of obtaining
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the output voltage higher than the reference voltage Vref
(FIG. 21(a)), and FIG. 21(b) shows how the current flowing
in the resistance element R is varied by the operations of the
constant current sources 534 and 535 in the case of obtaining

the output voltage lower than the reference voltage Vref
(FIG. 21(b)).

[0213] In this case, as shown in FIG. 21(a), the constant
current source 534 positioned nearer to the input terminal
532 than the resistance element R is grounded, and the
constant current source 535 positioned nearer to the output
terminal 533 is connected to the power source, so that a
current 1 which flows from the constant current source 535
to the constant current source 534 in a forward direction is
allowed to flow. As a result, the output voltage Vout out-
putted from the output terminal 533, in the case where the
reference voltage Vref is inputted via the input terminal 532,
is higher than the reference voltage Vref so as to correspond
to the voltage drop caused by the resistance element R so
that Vout=Vref+i-R.

[0214] While, as shown in FIG. 21(b), the constant cur-
rent source 534 is connected to the power source, and the
constant current source 535 is grounded, so that a current i
which flows from the constant current source 334 to the
constant current source 535 in a backward direction is
allowed to flow to the resistance element R. As a result, the
output voltage Vout outputted from the output terminal 533,
in the case where the reference voltage Vref is inputted via
the input terminal 532, is lower than the reference voltage
Vref with it corresponding to the voltage drop caused by the
resistance element R so that Vout=Vref-i-R.

[0215] Further, as to the constant current sources 534 and
535 of each y correction adjustment circuit 531, the current
value can be switched into plural values, and the connection
can be switched so that the constant current source is
grounded or connected to the power source, and these
switching operations are controlled in accordance with the
adjustment data D2, so that the y correction voltage obtained
by the resistance elements R0 to R7 is finely adjusted. Thus
finely adjusted voltage between the reference voltages is
equally divided into eight by eight resistors out of the
aforementioned 64 resistors, and the divided voltages are
outputted to the DA conversion circuit 45.

[0216] FIG. 22 shows a circuit arrangement of a constant
current source section of the y correction adjustment circuit
531 which realizes (i) the switching operation for switching
the current values of the constant current sources 534 and
535 and (ii) the switching operation for causing the constant
current sources 534 and 535 to be grounded or to be
connected to the power source. The constant current source
section includes five constant current sources 1, 21, 41, 8i, and
161, connected to the power source, each of which generates
a current 2 weighted by 2(n-1) where n is a positive
integer. Further, each constant current source 2™ i is con-
nected to one end of the resistance element R and the output
terminal 48 via a switch+2®" which is turned ON by a
control signal+2™®. Further, each constant current source
2Dj is connected to the other end of the resistance element
R and the output terminal 532 via a switch-2% which is
turned ON by a control signal-2D.

[0217] Likewise, the constant current source section
includes five constant current sources i, 21, 41, 8i, and 16i,
grounded, each of which generates a current 2™ Vi weighted
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by 20D Purther, each constant current source 2™V is
connected to the other end of the resistance element R and
the output terminal 532 via the switch+2™% which is turned
ON by the control signal+2®%Y, Further, each constant
current source 2™ i is connected to the one end of the
resistance element R and the output terminal 533 via the
switch-2"" which is turned ON by the control signal-2®-.

[0218] That is, the constant current source 2 i con-
nected to the input terminal 532 via the switch+2®™ or the
switch-2? functions as the constant current source 534 of
FIG. 20, and the constant current source 21 connected to
the input terminal 533 via the switch+2™ ™ or the switch-
20D functions as the constant current source 535 of FIG.
20. Further, ON/OEF of each switch+2® % or each switch-
2®-D s controlled in accordance with adjustment data which
is the latched multi-bit digital data of signed binary
expressed in terms of a complementary expression based on
2, so that (i) the switching operation for switching the
current values of the constant current sources 534 and 535
and (ii) the switching operation for causing the constant
current sources 534 and 535 to be grounded or connected to
the power source are realized.

[0219] By making such arrangement, it is possible to vary
a value and a direction of a current flowing in the resistance
element R, so that it is possible to output the voltage Vout,
obtained by shifting upward or downward the input voltage
Vin so as to correspond to each of plural values of the
voltage drop caused by the resistance element R. This is
detailed as follows by taking a specific example.

[0220] The following description is made on the assump-
tion that the adjustment data D2 is 6-bit data. In accordance
with the adjustment based on the adjustment data repre-
sented by 6 bits, it is possible to adjust the y correction value
with 64 steps ranging from -32 to +31.

[0221] In FIG. 22, the constant current sources i, 2i, 41, 8i,
and 161 respectively generate the currents 1, 21, 41, 8i, and
161, eact(lnrl)of which is weighted by 2®-V. Further, the
switch+2"  and the switch-2®" are turned ON/OFF in
accordance with the adjustment data D2. The following
description explains how the y correction adjustment circuit
531 operates in accordance with 6-bit adjustment data.

[0222] A case where the adjustment data D2 is
“+1:(000001)” is described as a first case. In this case,
merely two switches+2° are turned ON, and all the other
switches are turned OFF. This condition is shown in FIG.

21(a).

[0223] That is, a current “I total” which flows to the
resistance element R is the same as in the constant current
source 1, and flows in a forward direction. Thus, the output
voltage Vout becomes higher than the inputted reference
voltage Vin with it corresponding to the voltage drop caused
by the resistance element R, so that it is possible to obtain
such an output voltage that Vout=Vin+ixR. This is a voltage
higher than the inputted reference voltage Vin by (ixR).

[0224] Further, a case where the adjustment data (DL) is
“-9:(101001)” is described as another case. In this case, four
switches: two switches —2° and two switches —2° are turned
ON, and all the other switches are turned OFF. This condi-
tion is shown in FIG. 21(b).

[0225] That is, a current “I total” which flows to the
resistance element R becomes 9i which is a total of (i) a
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current of the constant current source i and (ii) a current of
the constant current source 8i, and flows in a backward
direction. Thus, the output voltage Vout becomes lower than
the inputted reference voltage Vin with it corresponding to
the voltage drop caused by the resistance element R, so that
it is possible to obtain such an output voltage that Vout=
Vin-9ixR. This is a voltage lower than the input reference
voltage Vin by 9 times of (ixR).

[0226] Also in a case of another adjustment data, in a
similar manner as the foregoing operations, the respective
switches+2  and 2% are turned ON/OFF, so that it is
possible to adjust a voltage into 64 steps ranging from -32
to +31, with a voltage of (ixR) for each step, under such
condition that the input reference voltage Vin is regarded as
a center.

[0227] That is, by using the multi-bit digital data of signed
binary expressed in terms of a complementary expression
based on 2 as the adjustment data, it is possible to make its
bit number n correspond to the weight (scale factor) 2 of
a value of a current caused to flow to the resistance element
R, via the switches +2 % and -2, Thus, it is possible to
obtain an adjustment amount of the scale factor correspond-
ing to the adjustment data D2. That is, it is possible to easily
designate the adjustment amount of the reference value in
accordance with the adjustment data.

[0228] As described above, the switches+2™ " and -2
are turned ON/OFF in accordance with the adjustment data
D2 stored in the display memory 515, so that it is possible
to output a voltage in accordance with the adjustment data
obtained by adjusting the input voltage.

[0229] By applying such adjustment to the y correction
value based on the resistance elements R0 to R7, as shown
in FIG. 23, it is possible to obtain a gamma conversion
characteristic y1, in which the correction value based on the
resistance elements R0 to R7 is centered, and a gamma
conversion characteristic y2, which can be adjusted in accor-
dance with the adjustment data, as characteristics of the
liquid crystal driving output voltage. As shown in FIG. 24,
by using a different gamma characteristic merely in an
arbitrary line in a single image, it is possible to vary the
characteristics so that the visual angle corresponds to the
most appropriate view.

[0230] Note that, on the display memory 515, it is possible
to freely rewrite the adjustment data by means of program
and the like as required.

[0231] FIG. 24 shows an example where the gamma
conversion characteristic y1 and the gamma conversion
characteristic y2 adjusted in accordance with the adjustment
data are applied to the liquid crystal display device 501.

[0232] In FIG. 24, a portion having no shaded area
represents pixel dots each of which receives a signal corre-
sponding to the gamma conversion characteristic y1 in
which the correction value based on the resistance elements
RO to R7 is centered, and a portion having the shaded area
represents pixel dots each of which receives a signal corre-
sponding to the gamma conversion characteristic y2 which
is adjusted in accordance with the adjustment data. Note
that, a sign such as + and - in the pixel dot represents a
characteristic of an applied signal. That is, this example
shows the case of the dot inversion driving system, so that
the polarity is inverted for each dot (pixel).
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[0233] Further, FIG. 25 shows an example of a y charac-
teristic corresponding to two sequential frames of the liquid
crystal display device shown in FIG. 24.

[0234] In the examples of FIG. 24 and FIG. 25, the two
gamma conversion characteristics y1 and y2, that are differ-
ent from each other, are applied to arbitrary lines in a single
image, so as to widen the visual angle. However, the gamma
characteristic is not limited to the two characteristics, but it
is needless to say that it is possible to widely vary the visual
angle characteristic by applying three or more gamma
characteristics as required.

[0235] Here, in the examples of FIG. 24 and FIG. 25, in
a case where a voltage having the gamma conversion
characteristic y1 is applied to a centered line and voltages
each of which has the same gamma conversion characteristic
¥2 are applied to a line positioned on the upper end side and
a line positioned on the lower end side for example, the
visual angle characteristic is improved, thereby obtaining a
wide visual angle. However, in the case where the liquid
crystal panel 10 is viewed from an upper direction or from
a lower direction, the gamma conversion characteristic is
corrected with respect to only one of the upper direction and
the lower direction when improving the asymmetric char-
acteristic of liquid crystal aligned in the upper direction or
the lower direction (a condition under which the liquid
crystal is viewed from the upper direction or a condition
under which the liquid crystal is viewed from the lower
direction). This is a particular problem here. In this case, a
degree to which the visual angle is improved is slightly
limited.

[0236] Then, in the examples of FIG. 24 and FIG. 25,
voltages different from each other in terms of the gamma
conversion characteristic are applied to lines positioned on
the upper side and to lines positioned on the lower side of the
liquid crystal panel 510 respectively so that it is possible to
perform the correction in both (i) the case where the liquid
crystal panel 510 is viewed from the upper direction and (ii)
the liquid crystal panel 510 is viewed from the lower
direction. For example, voltages each of which has the
gamma conversion characteristic y1 are applied to upper-
half lines, and voltages each of which has the gamma
conversion characteristic y2 are applied to lower-half lines.
Thus, it is possible to correct the color variation caused by
different angular positions in viewing, and it is possible to
obtain a more preferable visual angle characteristic.

[0237] FIG. 26 shows an example where voltages respec-
tively having a gamma conversion characteristic y1, a
gamma conversion characteristic y2, and a gamma conver-
sion characteristic y3 are applied to the liquid crystal panel
510. In this case, the gamma conversion characteristics y2
and y3, that have been adjusted in accordance with the
adjustment data, are used with the gamma conversion char-
acteristic y1 regarded as a reference. Specifically, voltages
each of which has the gamma conversion characteristic y1
are applied to centered lines of the liquid crystal panel 510,
and voltages each of which has one of the gamma conver-
sion characteristic y2 and the gamma conversion character-
istic y3 are applied to lines positioned on the upper side, and
voltages each of which has the other of the gamma conver-
sion characteristic y2 and the gamma conversion character-
istic ¥3 are applied to lines positioned on the lower side.

[0238] In FIG. 26, a portion having no shaded area
represents pixel dots each of which receives a signal corre-
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sponding to the gamma conversion characteristic y1 in
which the correction values based on the resistance elements
RO to R7 are centered. A portion having the shaded area
represents pixel dots each of which receives a signal corre-
sponding to the gamma conversion characteristic Y2 or the
gamma conversion characteristic y3 that has been adjusted in
accordance with the adjustment data. Further, a sign such as
+ and - in the pixel dot represents polarity of an applied
signal.

[0239] FIG. 27 shows an example of a y characteristic
corresponding to two sequential frames of the liquid crystal
display device shown in FIG. 26. Here, a signal voltage,
corresponding to each of different gamma conversion char-
acteristics, whose polarity is inverted, is applied to the same
pixel (RGB pixel dot arrangement).

[0240] Thus, it is possible to keep the balance among the
colors of RGB, and it is possible to suppress the image
burning caused by fixed polarization of the liquid crystal and
the alignment film. Note that, the fixed polarization of the
liquid crystal and the alignment film is caused by a residual
DC voltage generated by an unbalanced negative signal.

[0241] As described above, in the examples of FIG. 26
and FIG. 27, three types of the gamma conversion charac-
teristics y1, y2, and y3 are used, and signal voltages respec-
tively corresponding to the gamma conversion characteris-
tics y1, v2, and y3 are applied to arbitrary lines in a single
image. Further, in a next frame, polarities of the signal
voltages are inverted. Thus, it is possible to vary the lumi-
nance characteristic so that it is possible to obtain the most
appropriate view at each angular position in viewing. Thus,
it is possible to more appropriately correct the color varia-
tion caused by different angular positions in viewing.

[0242] FIG. 28 is a block diagram showing a structure of
the Vcom adjustment circuit 517.

[0243] The Vcom adjustment circuit 517 includes: an
input terminal 551 to which the reference voltage Vcom
(Vref) is inputted; a buffer amplifier 552 connected to the
input terminal 351; and a plurality of Vcom adjustment
section 553 for finely adjusting the reference voltage Vcom
higher or lower within a certain range.

[0244] The Vcom adjustment section 553 is arranged in
the same manner as in the y correction adjustment circuit
531 illustrated in FIG. 20, so that description thereof is
omitted. Further, operations thereof are briefly described
with reference to FIG. 20 and FIG. 28.

[0245] To the input terminal 532 of the Vcom adjustment
circuit 517, for example, a voltage Vcom (Vref) which
functions as a reference voltage is supplied from the outside.
Further, in a case of obtaining an output voltage higher or
lower than the reference voltage Vcom (Vref), a current
which the constant current sources 534 and 535 cause to
flow 1o the resistance element R is varied by using the
voltage drop caused by the resistance element R. Thus, the
output terminal 533 outputs the voltage Vout obtained by
shifting the inputted reference voltage Vcom higher or lower
so as to correspond to the voltage drop caused by the
resistance element R.

[0246] That is, in a case of obtaining the output voltage
Vout higher than the reference voltage Vecom (Vref), the
Veom adjustment circuit 517 adjusts the voltage so that
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Vout=Vref+i-R. Alternatively, in a case of obtaining the
output voltage Vout lower than the reference voltage Veom
(Vref), the Veom adjustment circuit 517 adjusts the voltage
so that Vout=Vref-iR.

[0247] The output from the Vcom adjustment circuit 517,
i.e., the liquid crystal driving waveform containing the
counter electrode voltage C is as shown in FIG. 10 and FIG.
11. The Vcom adjustment circuit 517 arranged as shown in
FIG. 28 outputs the counter electrode voltages C1 to C3, and
the counter electrode voltages C1 to C3 are respectively
supplied to the counter electrodes 7 of the first group 7(A)
to the third group 7(C) in the circuit shown in FIG. 1 for
example.

[0248] Inthiscase, the counter electrode voltage C2 which
functions as a standard voltage is applied to the second
group 7(B), and the counter electrode voltage C1 or C3
which is higher or lower than the counter electrode voltage
C2 to the first group 7(A) and the third group 7(C). Thus, it
is possible to obtain a wide view in the up-and-down
direction with respect to the liquid crystal panel 510.

[0249] The gate driver 513 includes a shift register circuit
561, a level shifter circuit 562, and an output circuit 563. In
the gate driver 513, a horizontal synchronization signal LS
and a vertical synchronization signal VS are inputted to the
shift register circuit 561, and the vertical synchronization
signal VS is forwarded at the respective stages of the shift
register circuit 561 in a sequential manner in accordance
with the horizontal synchronization signal LS as a clock.

[0250] Outputs from the respective stages of the shift
register circuit 561 respectively correspond to first to m-th
pixels included in each row of the liquid crystal panel 510,
i.e., first to m-th gate electrodes included in each row of the
liquid crystal panel 510. Outputs from the respective stages
of the shift register circuit 561 are subjected to level con-
version performed by the level shifter circuit 562 so as to be
pressurized to a voltage which can control a gate of the TFT
23 of each pixel, and the pressurized outputs are subjected
to low impedance conversion performed by the output
circuit 563, and the level shifter circuit 562 outputs them to
the first to m-th gate electrodes of the liquid crystal panel
510. Each of the outputs from the gate driver 513 becomes
a scanning signal, and controls ON/OFF of the TFT 23 of
each pixel of the liquid crystal panel 510.

[0251] Thus, the TFT 23 whose gate is connected to a
single gate line (gate electrode) 25 selected on the basis of
the scanning signal is turned ON. Further, the gate line 25 is
selected in a sequential manner at each horizontal synchro-
nization period, so that the TFTs 23 of the pixels are
sequentially turned ON in a vertical direction.

[0252] In the pixel having the TFT 23 which is turned ON
after being selected on the basis of the scanning signal, a
gradation display potential is supplied from the source line
(source electrode) 24 to the pixel capacitor 22 provided on
the pixel. Thus, the pixel capacitor 22 is charged in accor-
dance with the potential, and when the TFT 23 is turned
OFF, the potential is retained in the pixel capacitor 22, so
that the gradation display is made in the pixel.

[0253] As described above, there are provided (i) control
means (reference voltage generating circuit 521) for adjust-
ing the y correction values of the resistance elements R0 to
R7 in accordance with the adjustment data D2 stored in the
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display memory 515 and (ii) control means (Vcom adjust-
ment circuit 517) for adjusting the counter electrode voltage
C in accordance with the adjustment data D3 stored in the
display memory 516, and adjustment is performed in each
arbitrary line in a single frame, so that it is possible to vary
the luminance characteristic so as to obtain the most appro-
priate view at each angular position in viewing. Thus, it is
possible to correct the color variation caused by different
angular positions in viewing.

[0254] Here, in the present embodiment, the point will be
further described as follows.

[0255] As to a relationship between a voltage applied to
the counter electrode and a view, the visual angle is varied
by intensity of a driving voltage applied to the liquid crystal.
That is, when the voltage applied to the liquid crystal is
varied, an angle at which a liquid crystal molecule slants is
varied, and the angle determines the brightness. Thus, the
angle which realizes the brightest condition varies depend-
ing on the intensity of the gradation voltage applied to the
liquid crystal.

[0256] For example, when the observer views an image
while moving from an upper direction to a lower direction
with respect to the image, whole the image is dark at first.
However, as the observer’s view point comes near to the
front of the image, the image becomes bright. When the
view point comes to a certain point of the image, a portion
which can be most vividly seen is found. After passing the
portion, the image becomes dark again. Thus, by increasing
or decreasing each gradation voltage, it is possible to vary
the angle at which the image is most vividly seen. Note that,
as to whether to increase or decrease the gradation voltage,
or as to a degree to which each gradation voltage is varied,
a characteristic value may be determined depending on types
of the liquid crystal. Then, in the present invention, a
plurality counter electrodes are prepared so as to correspond
to the gradation voltages, and the divided counter electrodes
are respectively controlled, so that the display condition is
controlled so that the image is evenly observed regardless of
an observing direction (angular position in viewing). Thus,
the visual angle is widened.

[0257] FIG. 29 shows a relationship between the lumi-
nance (transmittance) and an angular position in viewing ®
as to a single pixel of the liquid crystal panel. For example,
on the assumption that the applied voltage of the liquid
crystal cell is 3V, the image is regarded as being brighter
when the observer views the pixels downward (®=-30°)
compared with a case where the observer views the pixels in
a front direction (®=0), and the image is regarded as being
darker when the observer views the pixels upward (®=-30°)
compared with the case where the observer views the pixels
in a front direction (®=0).

[0258] That is, this brings about such disadvantage that the
brightness is uneven in a vertical (up-and-down) direction
(direction in which the gate lines are disposed) with respect
to the liquid crystal panel. This is disadvantageous in
manufacturing a liquid crystal panel which can be viewed
from a wide angular position in viewing ®. Note that, the
same disadvantage occurs also in a right-and-left direction
with respect to the liquid crystal panel.

[0259] In the case of a large-screen display, as shown in
FIG. 30(a), the foregoing disadvantage is obvious, and the
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visual angle differs depending on whether the observer
views the pixels upward or downward. Thus, the present
invention is particularly effective in such case, and the
arrangement of the source driver shown in FIG. 30(c) can
appropriately solve the foregoing conventional problem as
shown in FIG. 30(b).

[0260] As to the multi-domain liquid crystal, as shown in
FIG. 31, the liquid crystal is generally constituted of a
sub-pixel a and a sub-pixel b. Each of FIG. 32(¢) and FIG.
32(b) shows an example of a characteristic indicating a
relationship between a pixel light intensity and signal volt-
age in case of viewing the multi-domain liquid crystal from
a main angular position in viewing.

[0261] In FIG. 31, for example, the sub-pixel a shows the
same characteristic as in the conventional technique, but the
sub-pixel b shows such characteristic that: a low voltage is
applied to the liquid crystal layer by using arbitrary means,
so that the driving voltage shifts to the side of a high signal
voltage (high driving voltage), compared with the sub-pixel
a, by an arbitrary voltage. In the present invention, there are
provided a plurality of counter electrodes positioned oppo-
site to the sub-pixels a and b, and the counter electrodes are
respectively controlled, and the light intensity is controlled
so that the image is evenly viewed regardless of the observ-
ing direction (angular position in viewing).

[0262] The light intensity of a single pixel is obtained by
combining the light intensity of the sub-pixel a with the light
intensity of the sub-pixel b, so that a peak which causes a
gradation inversion phenomenon conventionally occurs on
the side of the high signal voltage in each of the sub-pixels
aandb.

[0263] On the other hand, in the present invention, a
characteristic of a single pixel that is obtained by combining
characteristics of the sub-pixels a and b with each other is
represented by a smooth curve indicative of monotonous
decrease because peaks of the sub-pixels counteract each
other. Thus, the gradation inversion phenomenon conven-
tionally observed does not occur. Further, the single pixel
light intensity/signal voltage curve more gently slants than
conventional one. Thus, by slanting the visual line in a main
visual angle direction, the light intensity/signal voltage
curve shifts to the side of a low signal voltage (low driving
voltage). The shift amount of the voltage is not different
from conventional one, so that a light intensity difference
between the respective levels of the present invention is
uniformed compared with the light intensity difference of
the respective levels of the conventional arrangement. Thus,
black out that is conventionally observed is suppressed, so
that the display performance is improved.

[0264] As to the static image data and the character
display data that are stored in the display memories 515 and
516, the liquid crystal display device does not always
forward image data via a controller in displaying an image.
In the case of displaying a static image, image data corre-
sponding to one frame is temporarily stored in a memory,
and the image data is accessed so as to repeatedly output the
image data, so that the liquid crystal display device displays
the static image. Further, the liquid crystal display device
treats the character display (character stored in the memory
in advance) in the same manner.

[0265] Next, a relationship between “gamma correction
value” and “angular position in viewing” is described as
follows.
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[0266] As described above, the visual angle with respect
to the liquid crystal varies depending on the intensity of a
voltage applied to the liquid crystal (when the voltage
applied to the liquid crystal is varied, an angle at which the
liquid crystal molecule slants varies, and the brightness is
determined in accordance with the angle). That is, the angle
which realizes the brightest image varies depending on the
intensity of the driving voltage applied to the liquid crystal.

[0267] Each of FIG. 33(«) and FIG. 33(b) shows a case
where a visual angle distribution in the liquid crystal display
device is adjusted to a predetermined condition which differs
between the case of FIG. 33(a) and FIG. 33(b). FIG. 34
shows an example of a visual angle distribution expressed
by a wide visual angle driving circuit according to the
embodiment of the present invention.

[0268] For example, when the visual angle distribution
such as shown in FIG. 33(a) is obtained by appropriately
adjusting distribution of the gradation voltage, an image is
vividly seen from an upper direction (oval area). Further,
when adjustment is performed as shown in FIG. 33(b), the
image is vividly seen from a lower direction (oval arca).
Thus, they are different from each other in the visual angle.

[0269] In such arrangement, in a case of a liquid crystal
panel which seems to vary from “dark” to “bright” while the
view point is moving from the upper direction to the lower
direction with respect to the panel when the observer faces
the liquid crystal panel, there is set characteristic data in
which the adjustment data are disposed so that the lumi-
nance is gradually varied from “bright” to “dark” in numeri-
cal order of the gate lines (scanning lines) 25. In accordance
with the adjustment data read out from the nonvolatile
memory in the numerical order of the gate lines 25, the v
value of the reference voltage is corrected. Thus, only in the
case where the observer faces the liquid crystal panel, the
luminance in a vertical direction with respect to the liquid
crystal panel seems uniformed.

[0270] Further, in a case of a liquid crystal panel which
seems to vary from “bright” to “dark” while the observer’s
view point is moving from the lower direction to the upper
direction of the liquid crystal panel, there is set characteristic
data in which the adjustment data are disposed so that the
luminance is gradually varied from “dark™ to “bright” in
numerical order of the gate lines 25, so that the luminance
in a vertical direction with respect to the liquid crystal panel
seems uniformed.

[0271] Next, the following description explains an
example of (i) a line whose y correction value should be
changed and (i) the correction value thereof for obtaining
“most appropriate visual angle”.

[0272] The nonvolatile memory (display memories 515
and 516) stores different plural sets of the characteristic data,
and each characteristic data is constituted of many sets of
unit data to which addresses have been given in a numerical
order of the gate lines 25 (or in an order based on key
numbers), and each unit data corresponds to the adjustment
data D2 or D3 described in the embodiments of the inven-
tion. According to the nonvolatile memory, single charac-
teristic data is selected on the basis of a control signal for
example, and single unit data (adjustment data) contained in
the selected characteristic data is read out on the basis of the
signal. Each of the signs D2 and D3 represents basic
adjustment data that has been read out.
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[0273] They correction adjustment circuit 531 included in
the reference voltage generating circuit 521 adjusts the
reference voltage on the basis of the adjustment data D2 read
out from the non-volatile memory. Further, the Vcom adjust-
ment section 553 included in the Vcom adjustment circuit
517 adjusts the Vecom reference voltage on the basis of the
adjustment data D3 read out from the nonvolatile memory.

[0274] Thus, the nonvolatile memory corresponds to
retaining means for retaining the basic adjustment data for
each number or each key number of the gate line 25, and the
adjustment data is used to perform adjustment for increasing
or decreasing the y value of the reference voltage and to
adjust a reference voltage value of the counter electrode
(common electrode). In such arrangement, each character-
istic data stored in the nonvolatile memory is set on the basis
of a relationship between the liquid crystal panel and an eye
shot (visual line).

[0275] For example, in the case of the liquid crystal panel
which seems to vary from “dark” to “bright” while the
observer’s view point is moving from the upper direction to
the lower direction when the observer faces the liquid crystal
panel, there is set the characteristic data in which the
adjustment data are disposed so that the Iuminance is
gradually varied in a numerical order of the date lines 25.
When the characteristic data is selected, the y value of the
reference voltage and the reference voltage value of the
counter electrode (common electrode) are corrected in
accordance with the adjustment data read out from the
nonvolatile memory in a numerical order of the gate lines
25, so that the luminance in a vertical direction with respect
to the liquid crystal panel seems uniformed only in a case
where the observer faces the liquid crystal panel.

[0276] Further, in the case of the liquid crystal panel which
seems to vary from “bright” to “dark” while the observer’s
view point is moving from the lower direction to the upper
direction, there is set the characteristic data in which the
adjustment data are disposed so that the luminance is
gradually varied from “dark” to “bright” in a numerical
order of the gate lines 25. When the characteristic data is
selected, the y value of the reference voltage and the
reference voltage value of the counter electrode (common
electrode) are corrected in accordance with the adjustment
data read out from the nonvolatile memory in a numerical
order of the gate lines 25, so that the luminance in a vertical
direction with respect to the liquid crystal panel seems
uniformed only in a case where the observer faces the liquid
crystal panel.

[0277] Further, in the embodiments of the present inven-
tion, the gate lines 25 positioned on the upper side and the
gate lines 25 positioned on the lower side are different from
each other in terms of the gamma characteristic in one frame
(FIG. 24), so that only a predetermined line can have a
gamma characteristic different from that in other lines. Thus,
it is possible to vary the display characteristic so that the
visual angle corresponds to the most appropriate angular
position in viewing.

[0278] Next, a reason for which the y correction is varied

for each of one to m gate lines 25 is described as follows.

[0279] As described above, the visual angle with respect
to the liquid crystal varies depending on the intensity of the
driving voltage applied to the liquid crystal. Thus, when the
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distribution of the gradation voltage is adjusted, in a single
display device, as shown in FIG. 33(a) or FIG. 33(b), it is
possible to set the display condition under which there are
visual angles different from each other.

[0280] Further, the y characteristics are respectively
adjusted in the gate lines 25 positioned on the upper side and
the gate lines 25 positioned on the lower side, so that human
eyes which percept whole the image have perceptive char-
acteristic with respect to light (unevenness of the panel
characteristics seems uniformed, and an apparent image
does not vary when viewed from both the upper direction
and the lower direction), so that the observer feels wideness
with the upper and lower visual angles added as shown in
FIG. 34.

[0281] Further, as shown in FIG. 35 and FIG. 36 each of
which shows a conventional technique, the observer per-
cepts more obvious difference between the upper side and
the lower side of the image in terms of the visual angle
characteristic when the image is displayed in a larger screen,
so that the difference is unable to disregard.

[0282] In this case, according to the conventional tech-
nique, as shown in FIG. 36, a voltage applied to the liquid
crystal panel is generated on the basis of a voltage (fixed
voltage) divided by a resistance dividing circuit of the
source driver, so that the y characteristic is fixed to a
characteristic of FIG. 37 for example. Thus, in order to vary
the y characteristic, it is necessary to newly remake the
source driver.

[0283] In contrast, according to the arrangement of the
embodiments of the present invention, as shown in FIG.
38(a) and FIG. 38(b), a voltage applied to the liquid crystal
panel is generated on the basis of a voltage (voltage which
can be adjusted as required) that the source driver has
adjusted by means of the y correction adjustment circuit in
advance. Thus, it is possible to adjust the y characteristic as
required.

[0284] As described above, the liquid crystal display
device of the present embodiment has (i) a uniform display
technique realized by dividing the counter electrodes and (i)
ay adjustment technique realized by internally providing the
nonvolatile memory as shown in FIG. 39.

[0285] Next, an example of how the display memories 515
and 516 are arranged is described as follows.

[0286] The display memory is not particularly limited, but
may be arranged so that: as shown in FIG. 40, there is
provided a memory array constituted of memory cells,
disposed in a vertical direction (Y direction) as L rows and
disposed in a horizontal direction (X direction) as m col-
umns, each of which is K bit. Further, it may be so arranged
that the display memory includes: a Y address generating
circuit, provided in a periphery of the display memory,
which generates a'Y address (not shown); a Y decoder which
outputs a single-row decode signal in accordance with
address data outputted from the Y address generating circuit;
and an X decoder which outputs a decode signal of a single
rowxK bit in accordance with a control signal (n bit).

[0287] The display memory performs initialization (writ-
ing) in accordance with a characteristic of the liquid crystal
panel in advance. For example, the Y address generating
circuit counts up the written address data sequentially in
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synchronism with a horizontal synchronization signal H, and
the Y decoder selects a single row from L rows in accor-
dance with the address data outputted from the Y address
generating circuit.

[0288] While, the X decoder selects a decode signal of a
single rowxK bit out of m rows in synchronism with the
horizontal synchronization signal H in accordance with the
control signal (n bit). The selected k-bit data is outputted as
the adjustment data D2, and is inputted to the reference
voltage generating circuit 512. FIG. 41 shows a simple
timing chart concerning the foregoing operations.

[0289] Note that, each of FIG. 40 and FIG. 41 shows an
example where the adjustment data D2 is outputted to each
gate line 285, but the adjustment data D2 may be varied for
every plural gate lines 25. In this case, the display memory
is set so that: when predetermined plural addresses are
inputted by the address counter, the addresses in the memory
are counted up. Thus, this setting can be made by a known
technique.

[0290] As described above, the liquid crystal display
device of the present invention includes: a pair of substrates,
having no alignment structure, which are provided in an
optically and structurally equal direction; and a liquid crystal
layer sandwiched by the pair of common electrode sub-
strates, wherein pixels are disposed in a row direction and in
acolumn direction, and liquid crystal molecules of the liquid
crystal layer are aligned in substantially all directions into a
plane of each substrate with equal probability in broad
perspective, and a multi-domain liquid crystal element hav-
ing liquid crystal molecules each of which has a substan-
tially fixed twist angle in a direction perpendicular to the
substrates is used, and the liquid crystal display device
includes control means for controlling a voltage of each
common electrode substrate in accordance with the multi-
domain liquid crystal and a luminance characteristic with
respect to an angular position in viewing.

[0291] The method of the present invention is to drive the
liquid crystal display device which includes: a pair of
substrates, having no alignment structure, which are pro-
vided in an optically and structurally equal direction; and a
liquid crystal layer sandwiched by the pair of common
electrode substrates, wherein pixels are disposed in a row
direction and in a column direction, and liquid crystal
molecules of the liquid crystal layer are aligned in substan-
tially all directions into a plane of each substrate with equal
probability in broad perspective, and a multi-domain liquid
crystal element having liquid crystal molecules each of
which has a substantially fixed twist angle in a direction
perpendicular to substrates is used, and the method is
characterized in that a voltage of each common electrode
substrate is controlled in accordance with the multi-domain
liquid crystal and a luminance characteristic with respect to
an angular position in viewing.

[0292] The invention being thus described, it will be
obvious that the same way may be varied in many ways.
Such variations are not to be regarded as a departure from
the spirit and scope of the invention, and all such modifi-
cations as would be obvious to one skilled in the art are
intended to be included within the scope of the following
claims.
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What is claimed is:
1. A liquid crystal display device, comprising:

a plurality of scanning lines;

a plurality of signal lines provided so as to cross the
scanning signals;

a liquid crystal layer having liquid crystal molecules,
aligned in random directions throughout a liquid crystal
panel, each of which has a substantially fixed twist
angle in a direction perpendicular to substrates sand-
wiching the liquid crystal layer;

pixel capacitors, respectively formed on pixels corre-
sponding to intersections of the scanning lines and the
signal lines, which include pixel electrodes and com-
mon electrodes, and correspond to the liquid crystal
layer; and

a common electrode voltage supplying circuit for supply-
ing common electrode voltages to the common elec-
trodes, said common electrode Voltage supplying cir-
cuit being capable of adjusting the common electrode
voltages.

2. The liquid crystal display device as set forth in claim 1,

wherein:

the common electrodes of the pixels are divided into a
plurality of groups, and

the common electrode voltage supplying circuit is capable
of respectively adjusting the common electrode volt-
ages so that the common electrode voltages are
adjusted independently every groups.
3. The liquid crystal display device as set forth in claim 1,
wherein:

at least first pixel capacitors and second pixel capacitors
are provided on each of the pixels as the pixel capaci-
tors, and

the common electrode voltage supplying circuit is capable
of respectively independently adjusting a common
electrode voltage supplied to common electrodes cor-
responding to the first pixel capacitors and common
electrode voltages supplied to common electrodes cor-
responding to the second pixel capacitors.

4. The liquid crystal display device as set forth in claim 3,

wherein:

the common electrodes corresponding to the second pixel
capacitors are divided into a plurality of groups, and

the common electrode voltage supplying circuit supplies
the common electrode voltage of an equal value to each
other to the common electrodes corresponding to the
first pixel capacitors, and is capable of respectively
adjusting the common electrode voltages supplied to
the common electrodes corresponding to the second
pixel capacitors independently every groups.

5. The liquid crystal display device as set forth in claim 4,

wherein:

the common electrodes corresponding to the first pixel
capacitors are divided into a plurality of groups, and the
common electrode corresponding to the second pixel
capacitors are divided into a plurality of groups, and

the common electrode voltage supplying circuit is capable
of respectively adjusting the common electrode voltage
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supplied to the common electrodes corresponding to
the first pixel capacitor independently every groups and
is capable of respectively adjusting the common elec-
trode voltages supplied to the common electrodes cor-
responding to the second pixel capacitors indepen-
dently ever groups.

6. The liquid crystal display device as set forth in claim 2,
wherein the common electrodes are grouped for n lines of
the scanning lines (n includes one), where n is a positive
integer.

7. The liquid crystal display device as set forth in claim 4,
wherein the common electrodes are grouped for n lines of
the scanning lines (n includes one), where n is a positive
integer.

8. The liquid crystal display device as set forth in claim 6,
wherein:

the common electrode voltage supplying circuit supplies
a common electrode voltage which functions as a
reference common electrode voltage to a group corre-
sponding to a scanning line positioned on the one side
in a direction in which the scanning signals are dis-
posed, and

the common electrode voltage supplying circuit supplies
a common electrode voltage which has a value different
from a value of the reference common electrode volt-
age to a group corresponding to a scanning line posi-
tioned on the other side in the direction in which the
scanning signals are disposed.

9. The liquid crystal display device as set forth in claim 7,

wherein:

the common electrode voltage supplying circuit supplies
a common electrode voltage which functions as a
reference common electrode voltage to a group corre-
sponding to a scanning line positioned on the one side
in a direction in which the scanning signals are dis-
posed, and

the common electrode voltage supplying circuit supplies
a common electrode voltage which has a value different
from a value of the reference common electrode volt-
age to a group corresponding to a scanning line posi-
tioned on the other side in the direction in which the
scanning signals are disposed.

10. The liquid crystal display device as set forth in claim

6, wherein:

the common electrode voltage supplying circuit supplies
a common electrode voltage which functions as a
reference common electrode voltage to a first group
corresponding to a scanning line centered in a direction
in which the scanning lines are disposed, and

the common electrode voltage supplying circuit supplies
a common electrode voltages which is higher than the
reference common electrode voltage to a second group
corresponding to a scanning line positioned on the one
side in the direction in which the scanning lines are
disposed, and

the common electrode voltage supplying circuit supplies
a common electrode voltage which is lower than the
reference common electrode voltage to a third group
corresponding to a scanning line positioned on the
other side in the direction in which the scanning lines
are disposed.

20

Aug. 26, 2004

11. The liquid crystal display device as set forth in claim
7, wherein:

the common electrode voltage supplying circuit supplies
a common electrode voltage which functions as a
reference common electrode voltage to a first group
corresponding to a scanning line centered in a direction
in which the scanning lines are disposed, and

the common electrode voltage supplying circuit supplies
a common electrode voltages which is higher than the
reference common electrode voltage to a second group
corresponding to a scanning line positioned on the one
side in the direction in which the scanning lines are
disposed, and

the common electrode voltage supplying circuit supplies
a common electrode voltage which is lower than the
reference common electrode voltage to a third group
corresponding to a scanning line positioned on the
other side in the direction in which the scanning lines
are disposed.
12. The liquid crystal display device as set forth in claim
1, comprising a signal line driving circuit for supplying a
display signal voltage to each of the signal lines, wherein

the common electrode voltage supplying circuit is pro-

vided in the signal line driving circuit.

13. The liquid crystal display device as set forth in claim
6, wherein the common electrode voltage supplying circuit
adjusts the common electrode voltages supplied to the
groups so that luminance of the pixels gradually varies so as
to be monotonously darker or so as to be monotonously
brighter from one end side to a center of the scanning lines
in a direction in which the scanning lines are disposed.

14. The liquid crystal display device as set forth in claim
7, wherein the common electrode voltage supplying circuit
adjusts the common electrode voltages supplied to the
groups so that luminance of the pixels gradually varies so as
to be monotonously darker or so as to be monotonously
brighter from one end side to a center of the scanning lines
in a direction in which the scanning lines are disposed.

15. The liquid crystal display device as set forth in claim
1, wherein the common electrode voltage supplying circuit
includes an input operation circuit which allows adjustment
amounts of the common electrode voltages to be inputted.

16. The liquid crystal display device as set forth in claim
2, wherein the common electrode voltage supplying circuit
adjusts the common electrode voltages so that luminance
and color variation of the pixels are corrected so that a visual
angle with respect to a liquid crystal panel, viewed from an
arbitrary position, is wider than a visual angle in a case
where the common electrode voltages of all the groups are
equal to each other.

17. The liquid crystal display device as set forth in claim
16, wherein the common electrode voltage supplying circuit
adjusts the common electrode voltages so that luminance
and color variation of the pixels are corrected so that a visual
angle with respect 10 a liquid crystal panel, seen from an
arbitrary position in an up-and-down direction, is wider than
a visual angle in a case where the common electrode
voltages of all the groups are equal to each other.

18. The liquid crystal display device as set forth in claim
4, wherein the common electrode voltage supplying circuit
adjusts the common electrode voltages so that luminance
and color variation of the pixels are corrected so that a visual
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angle with respect to a liquid crystal panel, seen from an
arbitrary position, is wider than a visual angle in a case
where the common electrode voltages of all the groups are
equal to each other.

19. The liquid crystal display device as set forth in claim
18, wherein the common electrode voltage supplying circuit
adjusts the common electrode voltages so that luminance
and color variation of the pixels are corrected so that a visual
angle with respect to a liquid crystal panel, seen from an
arbitrary position in an up-and-down direction, is wider than
a visual angle in a case where the common electrode
voltages of all the groups are equal to each other.

20. The liquid crystal display device as set forth in claim
1, wherein

the common voltage supplying circuit includes:

an input terminal for receiving a voltage which functions
as a standard voltage of the common electrode volt-
ages;

a resistance element whose one end is connected to the
input terminal;

a constant current source for causing a constant current to
flow to the resistance element;

an output terminal, connected to other end of the resis-
tance element, which outputs an output voltage; and

a data latch circuit for outputting adjustment data, in
accordance with which (i) a current value of the con-
stant current caused to flow by the constant current
source and (ii) a direction in which the constant current
caused to flow are switched, to the constant current
source.

21. The liquid crystal display device as set forth in claim

1, comprising:

a scanning line driving circuit for driving the scanning
lines; and

a reference voltage generating circuit for generating ref-
erence voltages, having plural levels different from
each other, which are supplied to the scanning line
driving circuit so as to make gradation display in
accordance with a display signal, said reference voltage
generating circuit being capable of adjusting the refer-
ence voltages.

22. The liquid crystal display device as set forth in claim
21, wherein the reference voltage generating circuit adjusts
the reference voltages so that a predetermined gamma
characteristic is obtained in an arbitrary line of lines each of
which is constituted of the pixels provided in a direction in
which the scanning lines are disposed.

23. The liquid crystal display device as set forth in claim
21, comprising a correction information storage circuit for
storing adjustment amounts of the reference voltages,
wherein

the reference voltage generating circuit adjusts the refer-
ence voltages in accordance with the adjustment
amounts stored in the correction information storage
circuit.

24. The liquid crystal display device as set forth in claim
22, wherein the reference voltage generating circuit adjusts
the reference voltages so that a gamma characteristic is
obtained in a line, constituted of the pixels, which is posi-
tioned on the one side in a direction in which the scanning
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lines are disposed and another gamma characteristic is
obtained in a line, constituted of the pixels, which is posi-
tioned on the other side in the direction in which the
scanning lines are disposed, said gamma characteristics
being different from each other.

25. The liquid crystal display device as set forth in claim
22, wherein the reference voltage generating circuit adjusts
the reference voltages so as to obtain gamma characteristics
different from each other in a first line constituted of the
pixels provided on the one side in a direction in which the
scanning lines are disposed, a second line constituted of the
pixels provided on the other side in the direction in which
the scanning lines are disposed, and a third line constituted
of the pixels provided between the first line and the second
line so that the gamma characteristic obtained in the third
line is intermediate between the gamma characteristic
obtained in the first line and the gamma characteristic
obtained in the second line.

26. The liquid crystal display device as set forth in claim
21, wherein:

the reference voltage generating circuit adjusts the refer-
ence voltages so as to obtain a gamma characteristic
which causes luminance to decrease in a numerical
order of the scanning lines in a case of using a liquid
crystal panel whose luminance increases while a view
point is moving from an upper direction to a lower
direction with respect to the liquid crystal panel when
an observer faces the liquid crystal panel, and

the reference voltage generating circuit adjusts the refer-
ence voltages so as to obtain a gamma characteristic
which causes the luminance to increase in a numerical
order of the scanning lines in a case of a liquid crystal
panel whose luminance decreases while the view point
is moving from the upper direction to the lower direc-
tion with respect to the liquid crystal panel when the
observer faces the liquid crystal panel.

27. The liquid crystal display device as set forth in claim

26, wherein:

the common electrode voltage supplying circuit adjusts
the common electrode voltages so that the luminance
decreases in the numerical order of the scanning lines
in the case of using the liquid crystal panel whose
luminance increases while the view point is moving
from the upper direction to the lower direction with
respect to the liquid crystal panel when the observer
faces the liquid crystal panel, and

the common electrode voltage supplying circuit adjusts
the common electrode voltages so that the luminance
increases in the numerical order of the scanning lines in
the case of using the liquid crystal panel whose lumi-
nance decreases while the view point is moving from
the upper direction to the lower direction with respect
to the liquid crystal panel when the observer faces the
liquid crystal panel.

28. A method for driving a liquid crystal display device
which includes: a plurality of scanning lines; a plurality of
signal lines provided so as to cross the scanning signals;
pixel capacitors, having pixel electrodes and common elec-
trodes, and corresponding to a liquid crystal layer, which are
respectively formed on pixels corresponding to intersections
of the scanning lines and the signal lines, wherein the liquid
crystal layer has liquid crystal molecules, aligned in random
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directions throughout a liquid crystal panel, each of which
has a substantially fixed twist angle in a direction perpen-
dicular to substrates for sandwiching the liquid crystal layer,

said method comprising the step of supplying common
electrode voltages and adjusting the common electrode
voltages.

29. The method as set forth in claim 28, wherein the
common electrodes of the pixels are divided into a plurality
of groups, and the common electrode voltages are respec-
tively adjusted so as to be adjusted independently every
groups.

30. The method as set forth in claim 28, comprising the
step of generating reference voltages, having plural levels,
which cause gradation display to be made in accordance
with a display signal, and adjusting the reference voltages.

31. The method as set forth in claim 30, wherein the
reference voltages are adjusted so that a predetermined
gamma characteristic is obtained in an arbitrary line of lines
each of which is constituted of the pixels provided in a
direction in which the scanning lines are disposed.

Aug. 26, 2004

32. The method as set forth in claim 29, wherein the
common electrode voltages are adjusted so that luminance
and color variation of the pixels are corrected so that a visual
angle with respect to a liquid crystal panel, viewed from an
arbitrary position, is wider than a visual angle in a case
where the common electrode voltages of all the groups are
equal to each other.

33. The method as set forth in claim 32, wherein the
common electrode voltages are adjusted so that luminance
and color variation of the pixels are corrected so that a visual
angle with respect to a liquid crystal panel, viewed from an
arbitrary position in an up-and-down direction, is wider than
a visual angle in a case where the common electrode
voltages of all the groups are equal to each other.

34. The method as set forth in claim 33, wherein the
common electrodes in each of the pixels are sequentially
grouped for n lines of the scanning lines (n includes one),
where n is a positive integer.
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