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LIQUID CRYSTAL DISPLAY DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display device being capable of gradation display.

BACKGROUND OF THE INVENTION

[0002] Generally, an active matrix type liquid crystal
display device has a structure of a pair of glass substrates
opposed and fixed which between a liquid crystal is filled in
a space. More specifically, transparent common electrodes
are provided on one glass substrate, a large number of
transparent pixel electrodes are provided in a matrix manner
on the other glass substrate, and a circuit for individualis-
tically applying voltages to the pixel electrodes.

[0003] The liquid crystal display device performs display
operation with sandwiched polarizing plates in the foregoing
structure, so that it has a characteristic of a narrow viewing
angle.

[0004] To increase a viewing angle, have been proposed
liquid crystal display devices utilizing IPS (In Plane Switch-
ing), MVA (Multi domain Vertical Aline), or ASV (Advance
Super View) mode as a physical technique such as divided
orientation.

[0005] Here, the following will explain a typical technique
for increasing a viewing angle.

[0006] First, referring to FIG. 27, TN (Twisted Nematic)
mode will be explained as follows. In FIG. 27, bold and
black lines represent crystal elements.

[0007] FIG. 27 shows the movement of the liquid crystal
elements in the TN mode. When no voltage is applied
(voltage is OFF), the liquid crystal elements are oriented as
shown on the left in the drawing. As a voltage is applied, the
liquid crystal elements are caused to stand as shown in the
middle of the drawing. When a maximum voltage is applied,
the liquid crystal elements are oriented as shown on the right
in the drawing. Each gradation level is expressed by change
in applied voltages.

[0008] In the foregoing TN mode, the liquid crystal ele-
ments are oriented obliquely and a viewing angle charac-
teristic occurs depending on the oriented direction. Here, the
occurrence of the viewing angle characteristic means the
state in which display image cannot appear normally
depending on the angle at which a display screen is viewed.

[0009] Such a viewing angle characteristic occurs because
the liquid crystal elements have a bar shape and a polariza-
tion characteristic. More specifically, when a voltage is
applied, the liquid crystal elements, each of which has the
same characteristic, move in the same direction. This causes
the viewing angle characteristic with respect to the leaning
angles of the liquid crystal elements.

[0010] Conventionally, to reduce the effects by the polar-
ization characteristic of the liquid crystal, an orientation
dividing method is adopted as shown in FIGS. 28(#) and
28(b). Unlike the usual orientation, the method reduces the
polarization characteristic by dividing the orientation of
pixels in the different orientation directions so as to disperse
the orientation directions of the liquid crystal.

Aug. 7, 2003

[0011] This orientation dividing method does not cause
the viewing angle characteristic of the liquid crystal ele-
ments in the TN mode, so that it is possible to realize the
increased viewing angle.

[0012] Secondly, referring to FIGS. 29(a) and 29(b), the
IPS (In Plane Switching) mode will be explained as follows.

[0013] In the IPS mode, as shown in FIG. 29(a), the
longitudinal direction of the liquid crystal elements is in
parallel to the panel plane, so that although the IPS mode has
a low dependency on a physical viewing angle, it has a
wavelength dependency on light that transmits the liquid
crystal element, and the amount of this wavelength depen-
dency causes change in the viewing angle. Also, human eyes
have a wavelength characteristic, so that the wavelength
dependency changes in luminance on the display screen.
This causes the problem of a narrow viewing angle.

[0014] Conventionally, to realize an increased viewing
angle, proposed has been a method of dividing the orienta-
tion in zigzag so as to cancel the wavelength dependency
(super IPS).

[0015]

tages:
[0016] (1) Response speed is low; and
[0017]

[0018] Next, referring to FIG. 30, the VA (Vertical Align-
ment) mode will be explained as follows.

[0019] In the VA mode, as shown in FIG. 30, when no
voltage is applied (OFF), the longitudinal direction of the
liquid crystal elements is vertical to the panel plane. When
a voltage is applied (ON), the longitudinal direction of the
liquid crystal elements is horizontal to the panel plane.
Therefore, viewing angle characteristic improves when a
voltage is ON and OFF. Incidentally, in a halftone at which
a mediate voltage is applied, the liquid crystal elements are
oriented obliquely in one direction, which causes the view-
ing angle characteristic. The viewing angle characteristic in
this case is in the same level as that of the TN mode.

[0020] Thus, in the VA mode, the viewing angle charac-
teristic occurs in the halftone, which results in the problem
of the narrow viewing angle.

[0021] Note that, as compared with the IPS mode, the VA
mode has the following characteristics:

[0022] (1) Response speed is high;

[0023] (2) Contrast can be gained because black level
is high in quality; and

[0024] (3) Transmittance is better than that of the IPS
mode, although it is worse than that of the TN mode.

Note that, the IPS mode has two major disadvan-

(2) Transmittance is extremely poor.

[0025] To improve the viewing angle characteristic of the
halftone in the VA mode, the following MVA (Multi-domain
VA) mode has been proposed.

[0026] Next, referring to FIGS. 31(a) and 31(b), the MVA
mode will be explained as follows.

[0027] The MVA mode is the mode in which the VA mode
is subjected to orientation division. Such an orientation
division can improve the viewing angle characteristic of the
halftone.
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[0028] More specifically, as shown in FIG. 31(z), an
object having a structure of a substantially triangular shape
on cross section is applied onto the panel plane, and oriented
films are further formed thereon. Therefore, as shown in
FIG. 31(b), because of the foregoing object on the panel
plane, the liquid crystal elements lean along the object when
a voltage is applied, which produces the effects of divided
orientation in the halftone. In such a manner, an increased
viewing angle is realized in the VA mode.

[0029] Note that, the VA mode can improve the viewing
angle characteristic by the divided orientation as described
above; however, it does not improve so much as the IPS
mode.

[0030] Furthermore, unlike the foregoing physical method
such as the divided orientation, Japanese Laid-Open Patent
Publication No. 121144/1995 (Tokukaihei 7-121144; pub-
lished on May 12, 1995) (a Japanese equivalent to the U.S.
Pat. No. 5,847,688) proposes a liquid crystal display device
in which a viewing angle is electrically increased, utilizing
a plurality of different gamma characteristics based on an
input image signal.

[0031] Incidentally, the width of the viewing angle in the
liquid crystal display device is defined by the width of the
area where a contrast ratio of white to black is not less than
a predetermined value. Note that, a gradation curve is also
an important element for the accurate reproduction of
images. Since the gradation curve does not significantly
change depending on the viewing angle in display devices,
except for a liquid crystal display device, such as a cathode-
ray tube monitor and a plasma monitor, the definition of the
width of the viewing angle is usually considered to be no
problem.

[0032] However, the gradation curve is an important ele-
ment for the reproduction of images. For example, in a
display device of 256 gradation levels, the gradation curve
when viewed from the front has:

[0033] a luminance ratio=(n/255)*2, and

[0034] the gradation curve when viewed from the
side has:

[0035] a luminance ratio=(n/255)"°, where “n” is a
gradation.

[0036] At this moment, in case of the display of a gray
color with gradation level 128, the gradation level 128 is
displayed when viewed from the front. On the other hand, a
gray color with gradation level 186 is displayed when
viewed from the side, and a whitish display is made as
compared with when viewed from the front.

[0037] Further, in case where the gradations of R, G, B are
different, the difference in gradation display is remarkable.
For example, when R is at gradation level 0, G is at gradation
level 128, and B is at gradation level 255, the luminance
ratio of the front is R:G:B=0:0.22:1. On the other hand, the
luminance ratio of the side is R:G:B=0:0.50:1, which indi-
cates the change into a strongly green-tinged display.

[0038] As described above, even the same original data is
changed into different image depending on the change in the
gradation curve.

[0039] Therefore, in view of a contrast ratio, the liquid
crystal display devices utilizing the wide viewing angle
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modes such as ISP, MVA, and ASV modes realize a wide
viewing angle. However, the gradation curve is different
when viewed from the side. This means a lack of image
reproduction when viewed from the side.

[0040] Thus, the difference in the gradation curve between
when viewed from the front and from the side is referred to
as distortion of gradation curve.

[0041] Further, the liquid crystal display device disclosed
in the foregoing publication increases the viewing angle by
improving the viewing angle characteristic when viewed
from the side, using gamma characteristic, so that the
gradation curve when viewed from the front distorts. Espe-
cially, in case where the viewing angle characteristics at the
both sides sandwiching the front deviates in the same
direction as that of the target gamma characteristic, it is
necessary to largely change the gradation curve when
viewed from the front.

[0042] This means to bring about the deterioration of the
image reproduction when viewed from the front.

[0043] As described above, in all of the conventional
liquid crystal display devices realizing an increased viewing
angle, the gradation curve when viewed from the front is
different from that when viewed from the side, in other
words, the gradation curve’s distortion with respect to the
viewing angle occurs in the display image, so that image
when viewed from the front is different from that when
viewed from the side. As a result, it is impossible to obtain
an excellent quality of image in a wide range of viewing
angle, which causes the problem of the deterioration in a
display quality level.

[0044] Further, the conventional liquid crystal display
device has a constant range of viewing angle, it is necessary
to replace the display deice itself when change in the range
of viewing angle is desired as in the case when information
desired to be shown to other people is arranged so as to be
shown to many other people and the case when information
not desired to be shown to other people is arranged so as not
to be shown.

SUMMARY OF THE INVENTION

[0045] An object of the present invention is to provide a
liquid crystal display device which obtains a high contrast
and an excellent gradation curve with a wide viewing angle
so that a display quality level of a display screen can be
improved, as well as which realizes the display screen with
a narrow viewing angle to securely display information not
desired to be shown to other people, by the adjustment in the
gradation curve’s distortion with respect to the viewing
angle on the display screen.

[0046] In order to attain the above object, in the liquid
crystal display device of the present invention having a
liquid crystal panel being capable of gradation display,
included is a distortion adjustment section (distortion adjust-
ing means) for adjusting gradation curve’s distortion with
respect to a viewing angle, the gradation curve indicating a
relation between a gradation and a luminance ratio on a
display screen of the liquid crystal panel.

[0047] Generally, the width of the viewing angle in the
liquid crystal display device is determined by the area where
a contrast ratio of white to black is not less than a prede-
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termined value. For accuracy of display, an important ele-
ment is the gradation curve indicating a relation between a
viewing angle and luminance at each gradation level on the
display screen.

[0048] However, in case of the liquid crystal display
device, the gradation curve differs with respect to each
viewing angle, which causes the difference in luminance
ratio at the same gradation level, depending on the viewing
angle. More specifically, in the liquid crystal display device,
the gradation curve distorts depending on the viewing angle.
Increase in the gradation curve’s distortion with respect to
the viewing angle increases the difference in appearance of
the display screen between when viewed from the front and
from the side. This results in the problem of the deterioration
in display quality level of an entire display screen. This
phenomenon is remarkable in the liquid crystal display
device with an increased viewing angle.

[0049] Thus, the decrease in the gradation curve’s distor-
tion with respect to the viewing angle, i.e. the decrease of the
difference in luminance ratio at the same gradation level
depending on the viewing angle can decrease the difference
in appearance of the display screen between when viewed
from the front and from the side. This results in the improve-
ment in the display quality level of the entire display image.

[0050] Consequently, it is possible to adjust the difference
in appearance of the display screen between the viewing
angles by the distortion adjustment section adjusting the
gradation curve’s distortion with respect to the viewing
angle, as the above arrangement.

[0051] For example, when the gradation curve’s distortion
with respect to the viewing angle is adjusted so as to be small
by the distortion adjustment section, it is possible to
decrease the difference in appearance of the display screen
between the viewing angles. More specifically, it is possible
to decrease the difference in appearance of the display screen
between when viewed from the front and from the side. This
can make the appearance of the display image substantially
identical between the cases when viewed from the front and
from the side, so that it is possible to improve the display
quality level in the liquid crystal display device with a wide
range of viewing angle (wide viewing angle).

[0052] When the gradation curve’s distortion with respect
to the viewing angle is adjusted so as to be large by the
distortion adjustment section, it is possible to increase the
difference in appearance of the display screen between the
viewing angles. More specifically, it is possible to increase
the difference in appearance of the display screen between
when viewed from the front and from the side. This can
display the screen in a narrow range of viewing angle
(narrow viewing angle), so that, for example, it is possible
to arrange so that it is easy for human eye to see the display
screen from the front and it is difficult to see it from the side,
whereby information not desired to be shown to other people
can be displayed securely.

[0053] As described above, the adjustment in the grada-
tion curve’s distortion with respect to the viewing angle can
freely switch on the display screen between a wide viewing
angle display and a narrow viewing angle display. There-
fore, it is possible to display a high display quality level of
images with a viewing angle corresponding to the displaying
purpose of the liquid crystal display device.
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[0054] 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

[0055] FIG. 1 is a block diagram schematically showing
an arrangement of a liquid crystal display device according
to the embodiment of the present invention.

[0056] FIG. 2 is a plane view showing a main part of a
liquid crystal panel provided in the liquid crystal display
device shown in FIG. 1.

[0057] FIG. 3 is a plane view showing a main part of
pixels constituting the liquid crystal panel shown in FIG. 2.

[0058] FIG. 4 is a block diagram schematically showing
an arrangement of a drive signal generation section provided
in the liquid crystal display device shown in FIG. 1.

[0059] FIG. 5 is an explanatory view of a method for
measuring a luminance at each viewing angle with respect to
a liquid crystal panel.

[0060] FIG. 6 is a graph showing a relation between a
viewing angle and a luminance with respect to a liquid
crystal panel displayed in an ASV mode.

[0061] FIG. 7 is a graph showing a relation between a
gradation level and a luminance ratio, replaced from the
graph shown in FIG. 6.

[0062] FIG. 8 is a graph showing a relation between a
luminance ratio and a viewing angle at each gradation level,
replaced from the graph shown in FIG. 6.

[0063] FIG. 9 is a graph showing a relation between a
viewing angle and a luminance with respect to a liquid
crystal panel in the liquid crystal display device of the
present embodiment.

[0064] FIG. 10 is a graph showing a relation between a
gradation level and a luminance ratio, replaced from the
graph shown in FIG. 9.

[0065] FIG. 11 is a graph showing a relation between a
luminance ratio and a viewing angle at each gradation level,
replaced from the graph shown in FIG. 9.

[0066] FIG. 12 is a plane view of a liquid crystal panel
provided in a liquid crystal display device according to
another embodiment of the present invention.

[0067] FIG. 13 is a plane view showing a main part of
pixels constituting the liquid crystal panel shown in FIG. 12.

[0068] FIG. 14 is a block diagram schematically showing
an arrangement of a liquid crystal display device according
to still another embodiment of the present invention.

[0069] FIG. 15 is a plane view of a liquid crystal panel
provided in the liquid crystal display device shown in FIG.
14.

[0070] FIG. 16 is a view showing the state of data input
and output in a drive signal generation section of the liquid
crystal display device shown in FIG. 14.

[0071] FIG. 17 is a block diagram schematically showing
an arrangement of the drive signal generation section in the
liquid crystal display device shown in FIG. 14.
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[0072] FIG. 18 is a block diagram schematically showing
an arrangement of a liquid crystal display device according
to yet another embodiment of the present invention.

[0073] FIG. 19 is a block diagram schematically showing
arrangements of a drive signal generation section and an
LUT provided in the liquid crystal display device shown in
FIG. 18.

[0074] FIG. 20 is a graph showing a contrast in a liquid
crystal panel.
[0075] FIG. 21 is a graph showing a relation between a

viewing angle and a contrast in each LUT.

[0076] FIG. 22 is a graph showing a relation between a
gradation level and a luminance ratio with respect to a liquid
crystal panel in case of display using LUT 0 shown in FIG.
21.

[0077] FIG. 23 is a graph showing a relation between a
gradation level and a luminance ratio with respect to a liquid
crystal panel in case of display using LUT 1 shown in FIG.
21.

[0078] FIG. 24 is a graph showing a relation between a
gradation level and a luminance ratio with respect to a liquid
crystal panel in case of display using LUT 2 shown in FIG.
21.

[0079] FIG. 25 is a graph showing a relation between a
gradation level and a luminance ratio with respect to a liquid
crystal panel in case of display using LUT 3 shown in FIG.
21.

[0080] FIG. 26 is a graph showing a relation between a
gradation level and a luminance ratio with respect to a liquid
crystal panel in case of display using LUT 4 shown in FIG.
21.

[0081] FIG. 27 is a view showing the movement of liquid
crystal elements in a TN mode.

[0082] FIG. 28(a) is an explanatory view of a usual
orientation state in case when an increased viewing angle is
attempted in the TN mode, and FIG. 28(b) is an explanatory
view of a divided orientation state in case when an increased
viewing angle is attempted in the TN mode.

[0083] FIG.29(a)is a side view of a substrate showing the
movement of liquid crystal elements in an IPS mode, and
FIG. 29(b) is a front view of a substrate showing the
movement of liquid erystal elements in an IPS mode

[0084] FIG. 30 is a view showing the movement of liquid
crystal elements in a VA mode.

[0085] FIG. 31(qa) is a cross sectional view schematically
showing a structure of substrate surfaces in case when an
increased viewing angle is attempted in the VA mode, and
FIG. 31(b) is a view showing the movement of liquid crystal

elements between the substrates having the structure shown
in FIG. 31(a).

[0086] FIG. 32 is a view showing a liquid crystal panel
provided in a liquid crystal display device according to still
another embodiment of the present invention.

[0087] FIG. 33 is a view showing an example of displac-
ing brightness and darkness of a luminance on sub-pixels of
the liquid crystal panel shown in FIG. 32.

Aug. 7, 2003

[0088] FIG. 34 is a view showing another example of
displacing brightness and darkness of a luminance on sub-
pixels of the liquid crystal panel shown in FIG. 32.

[0089] FIG. 35 is a circuit diagram showing a circuit for
realizing switchover of sub-pixels each frame on the liquid
crystal panel shown in FIG. 32.

[0090] FIG. 36 is a view showing a line driving method of
a liquid crystal panel.

[0091] FIG.37is a view showing a line driving method of
a liquid crystal panel.

[0092] FIG. 38 is a view showing a polarity pattern of
applied voltages in a certain frame on a liquid crystal panel
provided in a liquid crystal display device according to yet
another embodiment of the present invention.

[0093] FIG. 39 is a view showing a polarity pattern of
applied voltages in another frame on the liquid crystal panel
shown in FIG. 38.

DESCRIPTION OF THE EMBODIMENTS

[0094] In the present embodiment, explained is a liquid
crystal display device using an ASV mode as mode of a
liquid crystal with a wide viewing angle.

[0095] [First Embodiment]

[0096] As shown in FIG. 1, a liquid crystal display device
1 as a display device according to the present embodiment
has an active matrix type arrangement, including a drive
signal generation section 2, an LUT (Look-Up Table) 3, a
drive voltage generation section 4, a source drive circuit 5,
a gate drive circuit 6, a liquid crystal panel (display panel)
7.

[0097] The drive signal generation section 2 is a circuit for
generating a drive signal for operating the source drive
circuit 5 and the gate drive circuit 6, in accordance with
image data and a reference result of the LUT 3. The
generated signals are outputted to the source drive circuit 5
and the gate drive circuit 6, respectively.

[0098] The LUT 3 is a conversion table for converting
image data as display data so that gradation properties can
be secured in a wide viewing angle, when the image data is
displayed on the liquid crystal panel 7. More specifically, the
LUT 3 is supplied thereto the same data as the image data
supplied to the drive signal generation section 2, and trans-
mits a referred result of the conversion table in accordance
with the supplied image data.

[0099] Note that, the drive signal generation section 2 and
the LUT 3 each include a function of distortion adjusting
means for adjusting a gradation curve’s distortion as
described later. The details will be described later.

[0100] The drive voltage generation section 4 is a circuit
for generating a drive voltage applied to the liquid crystal
panel 7. The drive voltage produced by the drive voltage
generation section 4 is transmitted to the source drive circuit
3

[0101] The source drive circuit § is a circuit for applying
voltages to source bus lines (not shown) arranged vertically
to the liquid crystal panel 7, in order to drive the liquid
crystal panel 7 in accordance with the signal transmitted
from the drive signal generation section 2 and the drive
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voltage generated by the drive voltage generation section 4.
More specifically, the source bus line is applied thereto the
voltage based on the signal transmitted from the drive signal
generation section 2.

[0102] The gate drive circuit 6 is a circuit for applying a
voltage for an active matrix drive to the gate bus lines
arranged horizontally to the liquid crystal panel 7, in order
to drive the liquid crystal panel 7 in accordance with the
signal transmitted from the drive signal generation section 2.
More specifically, the gate bus line is selectively applied
thereto the voltage in accordance with the signal transmitted
from the drive signal generation section 2.

[0103] The liquid crystal panel 7, which is an active matrix
type display panel having a plurality of pixels arranged in a
matrix manner, operates in response to the application of the
voltage to the source bus line and the gate bus line by the
source drive circuit § and the gate drive circuit 6, respec-
tively, and displays image in accordance with the image data
supplied.

[0104] The liquid crystal panel 7, as shown in FIG. 2, has
a structure in which source bus lines S1, S2,S3 . . . arranged
in the vertical direction are perpendicular to gate bus lines
G1, G2, G3 . . . arranged in the horizontal direction, and a
pixel electrode and a transistor for driving the pixel elec-
trode are arranged at each intersection point.

[0105] In the present embodiment, one gate bus line can
apply a drive voltage from the gate drive circuit 6 to pixel
electrodes in two lines. More specifically, in the present
embodiment, as shown in FIG. 3, one pixel 8 is composed
of the pixel electrodes: red (R), green (G), blue (B) each of
which are divided into two divisional pixels A and B. These
divisional pixels are supplied thereto the drive voltage from
the gate drive circuit 6 at the same timing because they are
connected to the same gate bus line; however, they are
supplied thereto the drive voltage from the source drive
circuit § at a different timing each divisional pixel because
they are connected to source bus lines separately.

[0106] Display on the pixel 8 is an average value of the
divisional pixels A and B.

[0107] Here, the following will specifically explain the
drive signal generation section 2 with reference to FIG. 4.

[0108] The drive signal generation section 2 includes a
pixel data conversion section 21, a horizontal synchronizing
signal generation section 22, and a vertical synchronizing
signal generation section 23.

[0109] The pixel data conversion section 21 converts the
supplied image data in accordance with the reference result
of the LUT 3 and transmits the converted image data as
image data for source drive to the source drive circuit 5.

[0110] The horizontal synchronizing signal generation
section 22 generates a horizontal synchronizing signal in
accordance with the supplied image data, and transmits the
generated signal (control signal for source drive) to the
source drive circuit 5.

[0111] The vertical synchronizing signal generation sec-
tion 23 generates a vertical synchronizing signal in accor-
dance with the supplied image data, and transmits the
generated signal (control signal for gate drive) to the gate
drive circuit 6.
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[0112] More specifically, the operation of the drive signal
generation section 2 will be explained as follows.

[0113] First, original data, which is image data supplied to
the liquid crystal display device 1, is:

[0114] {R1, G1, B1}, {R2, G2, B2}, {R3, G3, B3}, {R4,
G4, B4}, {R5, G5, B5}, . . . , where the parentheses {}
indicate a segment of one pixel data, and input data is made
from a combination of (R, G, B).

[0115] At this time, the data (output data) outputted from
the pixel data conversion section 21, which is data (pixel
data for source drive) converted from the original data in
accordance with the reference result of the LUT 3, e.g. the
reference result shown in Table 1, is:

[0116] {A(R1) B(R1),A(G1), B(G1),A(B1), B(B1)},
{A(R2), B(R2), A(G2), B(G2), A(B2), B(B2)}, . . .
TABLE 1

D- A(D)- B(D)-

0 0 0
5 - -
» - -
48 0 9
64 . 0 . 27
80 o 46
06 o 75
112 o 118
128 o 152
144 o 182
160 o 210
176 o 240
192 25 255
208 101 255
24 197 240
20 238 241
255 255 255

[0117] In the present embodiment, as shown in FIG. 3,
one pixel 8 is composed of two divisional pixels A and B, so
that one pixel data inside the parentheses {} includes six
kinds of data. Therefore, the drive signal generation section
2 transmits to the source drive circuit 5, in addition to one
pixel data, control signals for source drive, such as a source
clock for control of data capture, a source start pulse
indicating start of data, a latch pulse controlling the switch-
ing of source output, which are control signals generated in
the horizontal synchronizing signal generation section 22.

[0118] Further, in the drive signal generation section 2, the
vertical synchronizing signal generation section 23 gener-
ates signals for controlling the gate drive circuit 6 simulta-
neously. More specifically, the vertical synchronizing signal
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generation section 23 generates control signals for gate
drive, such as a gate clock indicating timing of applied gate
bus line’s shift and a gate start pulse indicating a start of
frame switching; and transmits them to the gate drive circuit

6.

[0119] The source drive circuit 5 applies desired voltages
to the source bus lines in accordance with pixel data for
source drive transmitted from the drive signal generation
section 2 and a voltage value transmitted from the drive
voltage generation section 4.

[0120] For example, in FIG. 3, a voltage required for the
display of A(R1)’s gradation is applied to a source bus line
S1, a voltage required for the display of B(R1)’s gradation
is applied to a source bus line S2, a voltage required for the
display of A(G1)’s gradation is applied to a source bus line
S3, a voltage required for the display of B(G1)’s gradation
is applied to a source bus line S4, a voltage required for the
display of A(B1)’s gradation is applied to a source bus line
S5, and a voltage required for the display of B(B1)’s
gradation is applied to a source bus line S6. Likewise,
voltages required for the display of the pixels’ gradations are
applied to the respective source bus lines.

[0121] The following will explain how to find out a
look-up table referred in the LUT 3 with reference to FIG.
s

[0122] First, when the luminance of the azimuth ¢, view-
ing angle 0, and gradation n is L(y, ¢, 8, n), a target gradation
curve of I'(y, ¢, 8, n) is expressed by the following equation

oy (L(gb, 8, 255) - L(g, 0, 0)] +( Lig,6,0) ] 68}

F. 9. 0.m = (255, * (4, 6, 255) 1, 8, 255)

[0123] Note that, I' is a numerical value normalized by 1.
Also, the gradation curve is usually set to y=2.2.

[0124] Here, as shown in FIG. 5(i), the azimuth ¢ indi-
cates an angle rotated by ¢ in a clockwise direction, where
the upper direction with respect to the display screen of a
module 101 is 0°; and the luminance of the display screen on
the module 101 is measured from the angle by a luminance
measuring apparatus 102,

[0125] Further, as shown in FIG. 5 (ii), the viewing angle
6 indicates the angle of 6 from a normal line of the module
101, and the luminance of the display screen of the module
101 is measured from the angle by the luminance measuring
apparatus 102.

[0126] Next, in the present embodiment, one pixel is
divided into two pixels, so that the luminance of the grada-
tion n, where the respective gradations of the divisional
pixels are n, and ng; at the time, is expressed by the
following equation (2):

L(g, 0,n) = w )
[0127] Here, a higher contrast is better. The setting of the

gradations n, and ng, to obtain a maximum contrast is
shown as follows:
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[0128]
[0129] when n=255, n,=n,=255

[0130] According to this, the normalized luminance L,
is expressed by the following equation (3):

when n=0, n,=ng=0

norm

_ L. 6,n) + L($, 8, ng) €
Lyom(#, 0, 1) = W
[0131] Preferable is a smaller difference between the

numerical value obtained by the equation (3) and the
numerical value obtained by the equation (1).

[0132] Assuming the difference (error) is e, and by squar-
ing e, the following evaluation function (4) can be obtained:

€@, 8, 1)’ =(Loon(6, 6, )-T(2.2, ¢, 6, m)* )

[0133] The error sum total E is expressed by the following
equation (5):

360° 80° 255 (5)

[0134] Here, when n=0, 1, 2,3, 4, . . ., 254, 255; 6=0°,
16°,32°, ..., 80°% and ¢=0°, 22.5°,45°, .. ., 337.5°, n, and
ng, with respect to each n are found out so that E is a
minimum value. The results found out in such a manner are
given by the above Table 1.

[0135] Note that, for simplicity, the present embodiment
treats each azimuth equally. This is because assumed is a
liquid crystal display device that can be seen from various
viewing angles, such as a large television. The viewing angle
square to display screen is weighted most. The weight
becomes smaller as the viewing angle increases because a
line length becomes longer. The line length here means a
circumference of a circle formed by a set of observation
points, each of which is at a viewing angle 6 with respect to
a normal to the display surface, assuming it is apart at a
certain distance between a given measurement point on the
display and the observation point.

[0136] For example, O is in the range from 0° to 40° in
many cases of the use for office automation instruments.
Therefore, the evaluation function needs to be determined
by increasing the weight for the viewing angles in this range.

[0137] Hereinafter, the display operation of the liquid
crystal display device utilizing the Table 1 will be explained
more specifically. Here, for the convenience of explanation
explained is a liquid crystal display device having colors
cach of 8-bit which is specified by the ASV mode. Further-
more, for the simplification of explanation, the explanation
will be carried out with a viewing angle characteristic in the
horizontal direction alone. The viewing angle characteristic
herein is indicated by a graph showing a relation between a
viewing angle and a luminance.

[0138] First, the viewing angle characteristic at each gra-
dation level in the ASV specified liquid crystal display
device is shown in FIG. 6. In FIG. 6, a longitudinal axis
indicates a luminance, a lateral axis indicates a viewing
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angle where a front is set to O degree, and - and + represent
angles viewed from the left direction and the right direction,
respectively. Each line indicates a viewing angle character-
istic at each of the gradation levels lined by every 16
gradation levels.

[0139] As seen from the graph shown in FIG. 6, the
luminance drops at every gradation level as the angle
increases as compared with the front, in other words, as it
goes far away from the front. In this condition, it is difficult
to evaluate a gradation characteristic, so that normalization
is conducted with respect to the luminance of white (V255
gradation level) for every viewing angle. This result is
shown in FIG. 7. In FIG. 7, a longitudinal axis indicates a
normalized luminance ratio, and a lateral axis indicates a
gradation level. Further, as to the viewing angle, data
(gradation curve) of the angles viewed only from the left
direction (-direction) is shown. The data includes six lines
pitched by 16 degrees in the range from -80° to 0°. In FIG.
7, data of viewing angles -80°, -64°, -32°, -16°, 0° are
shown in order from the top of the sheet.

[0140] As seen from a graph in FIG. 7, the gradation
curves of when viewed from the side are raised considerably
from that of when viewed from the front. Therefore, under
the condition where the gradation curve is as shown in the
graph of FIG. 7, the display screen is bleached-looking
when viewed from the side, compared with when viewed
from the front.

[0141] FIG. 8 shows this phenomenon more easily. In
FIG. 8, a longitudinal axis and a lateral axis indicate a
luminance ratio and a viewing angle, respectively, and lines
are shown by every 16 gradations.

[0142] Asseen from the graph in FIG. 8, difference of the
luminance ratio in the gradation curve is small between
when viewed from the front and from the side as each
gradation line forms flatter.

[0143] Consequently, in the present embodiment, when
the gradations levels of the divisional pixels A and B at each
gradation level of the pixel 8 shown in FIG. 3 are set as
shown in Table 1, the viewing angle characteristic at each
gradation level can be obtained as shown in FIG. 9. In FIG.
9, a longitudinal axis indicates a luminance, a lateral axis
indicates a viewing angle where a front is set to 0 degree,
and - and + represent angles viewed from the left direction
and the right direction, respectively. Each line indicates a
viewing angle characteristic at each of the gradation levels
lined by every 16 gradation levels.

[0144] As seen from the graph in FIG. 9 compared with
the graph in FIG. 6, as to each gradation, the luminance does
not drop so much at every gradation level even when the
angle increases, as compared with the luminance of the
front, in other words, even when it goes far away from the
front. Regarding this condition, normalization is conducted
with respect to the luminance of white (V255 gradation
level) for every viewing angle. This result is shown in FIG.
10. In FIG. 10, a longitudinal axis indicates a normalized
luminance ratio, and a lateral axis indicates a gradation
level. Further, as to the viewing angle, data (gradation curve)
of the angles viewed only from the left direction (—direction)
is shown. The data includes six lines pitched by 16 degrees
in the range from -80° to 0°. In FIG. 10, -80°, -64°, -32°,
-16°, 0° are shown in order from the top of the sheet.
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[0145] As scen from the graph in FIG. 10 as compared
with the graph in FIG. 7, the gradation curves are raised
slightly on the whole. Therefore, under the condition where
the gradation curve is as shown in the graph of FIG. 10, little
difference is appeared on the display screen between when
viewed from the front and from the side.

[0146] FIG. 11 shows this phenomenon more easily. In
FIG. 11, a longitudinal axis and a lateral axis indicate a
luminance ratio and a viewing angle, respectively, and lines
are shown by every 16 gradations.

[0147] As seen from a graph in FIG. 11, every line forms
flatter at every gradation level than that of the graph in FIG.
8. This means that the gradation characteristic is improved
in a wide range of viewing angles. More specifically, the
gradation curve’s distortion with respect to the viewing
angle is improved.

[0148] How to find out the numerical values in Table 1 is
described above; more specifically, they are found out by the
following steps:

[0149] (1) Set a target value to a gradation curve
based on ITU709, which is a standard in a digital
video device.

[0150] (2)Asto all combinations of the gradations (in
the present embodiment, since each pixel of 256
gradation levels has a pair of pixels, 256=°7>>° kinds
of combinations are obtained.), find out the lumi-
nance at each viewing angle in each direction (in the
present embodiment, 41 kinds of luminances for five
kinds of viewing angles: 80°, 64°, 48°, 32°, and 16°
by eight directions, in addition to the front).

[0151] (3) Calculate the total sum of squared differ-
ence (error) between the targeted value (1) at the
gradation level 0 and the combination data (2) at
each direction and each viewing angle.

[0152] (4) Select the combination (2) that has the
smallest total sum among the total sums found out at
(3). The selected combination is assumed as data of
the gradation level 0.

[0153] (5) Conduct (3) and (4) for every gradation
levels (256 gradation levels) and select the combi-
nation data of each gradation level.

[0154] As described above, in the liquid crystal display
device according to the present embodiment, one pixel is
composed of two divisional pixels, and the gradation data as
shown in Table 1 is set to each divisional pixel so that a
curve showing a relation with respect to gradation level
between the viewing angle and the luminance ratio as shown
in FIG. 11, i.e. a gradation characteristic in a wide range of
viewing angles can be secured, whereby the gradation
characteristic can be improved in a wide range of viewing
angles.

[0155] Note that, the example of one pixel divided into
two pixels has been explained in the present embodiment;
however, the number of divisions is not especially limited.

[0156] Increasein the number of divisions in the one pixel,
i.e. increase in the number of sub-pixels constituting one
pixel makes easy adjustment of the gradation on the display
screen and easy improvement in the display performance.
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[0157] However, it is preferable that the number of sub-
pixels is decided in view of the purpose of using the liquid
crystal display device because the increase in the number of
sub-pixels has the following problems:

[0158] (1) The corresponding number of drive circuits is
required as the number of the sub-pixels increases, and
micro fabrication for the sub-pixels is also required. This
results in increase in manufacturing cost of the liquid crystal
display device.

[0159] (2) Increase in the number of circuits increases
elements such as wires inside the liquid crystal panel, which
reduces an open area ratio and transmittance, so that the
additional amount of light is required for securing a lumi-
nance. This increases the power consumption of a back light,
thereby increasing the cost of the back light.

[0160] Note that, in case where one pixel is divided into
two pixels as in the present embodiment, the look-up table
as shown in Table 1 can be installed inside the source drive
circuit 5. This is effective for the suppression of increase in
the size of circuit.

[0161]

[0162] The following will explain another embodiment of
the present invention. Note that, as to a liquid crystal display
device according to the present embodiment, detailed expla-
nations are omitted here because it has substantially the
same arrangement as the liquid crystal display device, which
is shown in FIG. 1, described i First Embodiment.

[0163] Unlike the liquid crystal display device 1 in the
above First Embodiment, the liquid crystal display device
according to the present embodiment includes a liquid
crystal panel 31 as shown in FIG. 12.

[0164] The liquid crystal panel 31 has an arrangement in
which one pixel includes a pixel electrode of white (W), in
addition to the pixel electrodes, red (R), green (G), blue (B).
More specifically, as shown in FIG. 13, one pixel 32 is
composed of four sub-pixels: a red sub-pixel 33, a green
sub-pixel 34, a blue sub-pixel 35, and a white sub-pixel 36,
and four sub-pixels are combined to display.

[0165] The sub-pixels are independently connected to the
respective source bus lines S1 to S4 and are connected to the
same gate bus line G1. This can apply different source drive
voltages to the respective sub-pixels.

[0166] The liquid crystal panel 31 is driven by a pixel data
for source drive, a control signal for source drive, and a
control signal for gate drive all of which are generated by a
drive signal generation section arranged as in the drive
signal generation section 2 which is provided in the liquid
crystal display device 1 of First Embodiment.

[0167] The pixel data for source drive is generated with
reference to the LUT 3 as in First Embodiment. Gradation
data set at this moment is given by the following Table 2.

[Second Embodiment]

TABLE 2
Vector D= Vector A (Vector D)= B(Vector D)=
0,0,0 G,0,0 0
0,0,1 06,0,1 0
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TABLE 2-continued

Vector D= Vector A (Vector D)= B(Vector D)=
0,0,2 0,0,3 0
0,0,3 0,0,4 0

16, 16, 16 0,0,0 3

3,3, 32 0,0,0 7

48, 48, 48 0,0,0 9

64, 64 64 0,0,0 7

80, 80, 80 0,0,0 46

96, 96, 96 0,0,0 75

112, 112, 112 0,0,0 118
128, 128, 128 0,0,0 152
144, 144, 144 0,0,0 182
160, 160, 160 0,0,0 210
176, 176, 176 0,0,0 240
192,192, 192 25,5, 25 255
208, 208, 208 101, 101, 101 255
204, 204, 224 197,197, 197 240
240, 240, 240 238,238, 238 241
255,255, 255 255,255, 255 255

[0168] Here, the following will specifically explain the
operation of the drive signal generation section.
[0169] First, original data (input image data) is:

[0170] {R1, G1, B1}, {R2, G2, B2}, {R3, G3, B3},
{R4, G4, B4}, {RS, G5, BS}, . . ., where the
parentheses {} indicate a segment of one pixel data,
and input data is made from a combination of (R, G,

B). Vector D in Table 2 indicates this combination
data.

[0171] At this time, the data (output data) outputted from
the pixel data conversion section 21, which is data (pixel
data for source drive) converted from the original data in
accordance with the reference result of the LUT 3, e.g. the
reference result shown in Table 1, is:
[0172] {Vector A(R1, G1, Bl), B(R1, Gl1, Bl)},

{Vector A(R2, G2, B2), B(R2, G2, B2)}, {Vector

A(R3, G3, B3), B(R3, G3, B3)}, . ..
[0173] In the present embodiment, as shown in FIG. 13,
one pixel 32 is composed of four sub-pixels, so that pixel
data is composed of four elements. Note that, the Vector A
has three elements, which indicates three sub-pixels of R, G,
B; and the Vector B has only one element, which indicates
a sub-pixel of W.

[0174] Therefore, the drive signal generation section gen-
erates, in addition to pixel data for source drive, control
signals for source drive, such as a source clock for control
of data capture, a source start pulse indicating start of data,
and a latch pulse controlling the switching of source output,
which are control signals necessary in the liquid crystal
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panel 31; and the drive signal generation section transmits
them to the source drive circuit.

[0175] Further, the drive signal generation section gener-
ates signals for controlling the gate drive circuit simulta-
neously, i.e. control signals for gate drive, such as a gate
clock indicating timing of applied gate bus line’s shift and
a gate start pulse indicating a start of frame switching; and
transmits them to the gate drive circuit.

[0176] The source drive circuit applies desired voltages to
the source bus lines in accordance with pixel data for source
drive transmitted from the drive signal generation section
and a voltage value transmitted from the drive voltage
generation section.

[0177] For example, assuming Vector A=(Al, A2, A3), in
FIG. 13, a voltage required for the display of A1(R1, G1,
B1)’s gradation is applied to a source bus line S1, a voltage
required for the display of A2(R1, G1, B1)’s gradation is
applied to a source bus line S2, a voltage required for the
display of A3(R1, G1, B1)’s gradation is applied to a source
bus line S3, a voltage required for the display of B(R1, G1,
B1)’s gradation is applied to a source bus line S4, a voltage
required for the display of A1(R1, G1, B1)’s gradation is
applied to a source bus line S5, and a voltage required for the
display of A2(R1, G1, B1)’s gradation is applied to a source
bus line S6. Likewise, voltages required for the display of
the pixels’ gradations are applied to the respective source
bus lines.

[0178] An LUT, which is referred when the pixel data for
source drive is generated in the drive signal generation
section, can be obtained by the same method as that
explained in First Embodiment; therefore the explanation
thereof is omitted here.

[0179] Incidentally, in a usual liquid crystal display
device, one pixel is composed of sub-pixels of three primary
colors: red, green, and blue. In First Embodiment, one pixel
is composed of three sub-pixels each of which are divided
into two or more parts. Consequently, the number of actually
driving sub-pixels becomes twice or more the number of
pixels, resulting in the problem of increase in a circuit size
of the liquid crystal panel.

[0180] To solve such a problem, in the present embodi-
ment, a white sub-pixel is added to one pixel for an increased
viewing angle, without dividing the sub-pixels of red, green,
and blue. This decreases the circuit size to three-fourth that
of the liquid crystal panel of only three sub-pixels: red, green
and blue.

[0181] However, LUT of the present embodiment is larger
than that of First Embodiment because the gradation char-
acteristic must be corrected with respect to the combination
of red, green and blue in the present embodiment, while the
gradation characteristic may be individually corrected with
respect to each sub-pixel by red for the sub-pixel of red,
green for the sub-pixel of green, and blue for the sub-pixel
of blue in First Embodiment.

[0182] In either case, a gradation characteristic can be
improved, and a viewing angle characteristic in a wide range
of viewing field can be improved, so that the quality level of
display image is higher than that of the conventional liquid
crystal display device with an increased viewing angle.
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[0183] For example, in the present embodiment, to obtain
the effect of the increased viewing angle, it is set so as to be:
the lTuminance of white pixel at gradation level n=the lumi-
nance of red sub-pixel at gradation level n+the luminance of
green sub-pixel at gradation level n+the luminance of blue
sub-pixel at gradation level n, and gradation of each sub-
pixel is set as shown in Table 2. This makes it possible to
increase display quality at the halftone of black and white in
the liquid crystal panel 31 of the present embodiment, as in
First Embodiment.

[0184] Note that, in the present embodiment, only one
white sub-pixel is added as a sub-pixel for the correction of
the gradation characteristic. However, the present invention
is not limited to this, and a plurality of sub-pixels may be
used as the sub-pixel for the correction of the gradation
characteristic.

[0185] Further, increase in the number of divisions in one
pixel, i.e. increase in the number of sub-pixels constituting
one pixel makes easy adjustment in the gradation on the
display screen and easy improvement in the display perfor-
mance.

[0186] However, the increase in the number of sub-pixels
is accompanied by the problems (1) and (2) as described in
First Embodiment. Therefore, it is preferable that the num-
ber of sub-pixels is decided in view of the purpose of using
the liquid crystal display device.

[0187] Note that, in case where there is one additional
sub-pixel other than the sub-pixels having respectively three
primary colors, white is provided for the additional sub-
pixel. In case where there are two additional sub-pixels,
green and red are preferably provided for the additional
sub-pixels because contribution ratio to the luminance of
green is high. Further, in case where there are three addi-
tional sub-pixels other than the sub-pixels having respec-
tively three primary colors, three primary colors of red,
green, and blue are preferably provided for the additional
sub-pixels.

[0188] [Third Embodiment]

[0189] The following will explain still another embodi-
ment of the present invention. Note that, members having
the same functions as those described in the foregoing
embodiments are given the same reference numerals and
explanations thereof are omitted here.

[0190] As shown in FIG. 14, the liquid crystal display
device 41 according to the present embodiment has the same
arrangement as that of the liquid crystal display device 1
shown in FIG. 1 of First Embodiment. More specifically, the
liquid crystal display device 41 includes a drive signal
generation section 42, an LUT 43, a drive voltage generation
section 44, a source drive circuit 45, a gate drive circuit 46,
a liquid crystal panel 47; and has a further arrangement in
which image data is supplied via a video board 48 to the
drive signal generation section 42. The video board 48 is a
board for digitalizing image data.

[0191] Note that, as to the liquid crystal display device 41,
detailed explanations are omitted here because it has sub-
stantially the same arrangement as the liquid crystal display
device 1 described in First Embodiment, except for the
liquid crystal panel 47 and the video board 48.
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[0192] As shown in FIG. 15, the liquid crystal panel 47,
which is provided with pixel electrodes at the intersections
of source bus lines and gate bus lines, are driven by pixel
data for source drive and a control signal for source drive,
which are applied to the source bus line, and a control signal
for gate drive, which is applied to the gate bus line, so that
a desired image is displayed thereon.

[0193] In the liquid crystal panel 47, as in the usual liquid
crystal display device, one pixel is composed of three
sub-pixels of three primary colors: red, green and blue.

[0194] In the present embodiment, the drive signal gen-
eration section 42 sets the gradations of frame 2n and frame
2n+1 of each pixel at each gradation level as shown in Table
3.

TABLE 3

D= A(D)= B(D)=

0 0 0
3 = -
5 o ¥
o = ..9.
64 0 7
0 0 46
96 0 75
112 0 118
128 0 152
144 0 182
160 0 210
176 0 240
192 25 255
208 101 255
224 197 240
240 238 241
255 255 255

In Table 3, D indicates a gradation level, A(D) indicates a gradation of
frame 2n, and B(D) indicates a gradation of frame 2n + 1.

[0195] For example, in case where a gradation level
D=144 is displayed, a certain frame displays the gradation
A(D)=0, and the subsequent frames display the gradation
B(D)=182, the gradation A(D)=0, and the gradation B(D)=
182, respectively. In other words, the frames in one pixel
display respectively different gradations. The frame switch-
ing performed at a sufficiently high speed causes a color
mixture to occur by image persistence, and the color appears
a middle luminance to human eye.

[0196] A curve showing a relation with respect to grada-
tion level between the viewing angle and the luminance ratio
obtained in such a manner is given by the same graph as that
of First Embodiment, as shown in FIG. 11.
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[0197] Here, the following will specifically explain the
frame operation.

[0198] First, 2n (“n” is natural number) frame operation is
explained.
[0199] Input data of the 2n frame is:

[0200] {R1(2n), G1(2n), B1(2n)}, {R2(2n), G2(2n),
B2(2n)}, {R3(2n), G3(2n), B3(2n)}, {R4(2n),
G4(2n), B4(2n)}, where the parentheses {} indicate
a segment of one pixel data, and input data is made
from a combination of (R, G, B).

[0201] At this time, the pixel data for source drive (output
data) outputted from the drive signal generation section 42
is:

[0202] {ARI(2n), A(GI(2n), A(B1(2n))},
{A(R2(2n)), A(G2(2n)), A(B2(2n))}, . . . In the
present embodiment, one pixel data inside the paren-
theses {} is composed of three kinds of pixel data.
Therefore, the drive signal generation section 42
adds to pixel data for source drive, which is gener-
ated from the pixel data in accordance with the
reference result of the LUT 43, control signals for
source drive, such as a source clock for control of
data capture, a source start pulse indicating start of
data, and a latch pulse controlling the switching of
source output; and the drive signal generation section
42 transmits them to the source drive circuit 45.

[0203] Further, the drive signal generation section 42
generates signals for controlling the gate drive circuit 46
simultaneously. The drive signal generation section 42 gen-
erates control signals for gate drive such as a gate clock
indicating timing of applied gate bus line’s shift and a gate
start pulse indicating a start of frame switching, and trans-
mits them to the gate drive circuit 46.

[0204] The source drive circuit 45 sets voltages to be
applied to the source bus lines in accordance with the pixel
data for source drive and control signals transmitted; and a
voltage value transmitted from the drive voltage generation
section 44.

[0205] Consequently, in the source bus lines shown in
FIG. 15, a voltage required for the display of A(R1(2n))’s
gradation is applied to a source bus line S1, a voltage
required for the display of A(G1(2n))’s gradation is applied
to a source bus line S2, a voltage required for the display of
A(B1(2n))’s gradation is applied to a source bus line S3, a
voltage required for the display of A(R2(2n))’s gradation is
applied to a source bus line S4, a voltage required for the
display of A(G2(2n))’s gradation is applied to a source bus
line S5, and a voltage required for the display of A(B2(2n))’s
gradation is applied to a source bus line S6.

[0206] Next,2n+1 (“n” is natural number) frame operation
is explained.

[0207] Input data of the 2n+1 frame is:

[0208] {R1(2n+1), G1(2n+1), B1@2n+1)}, {R2(2n+1),

G2(2n+1), B2(20+1)}, {R3(2n+1), G3(2n+1), B3(2n+1)},
{R4(2n+1), . . . , where the parentheses {} indicate a
segment of one pixel data, and input data is made from a
combination of (R, G, B).
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[0209] At this time, the pixel data for source drive (output
data) outputted from the drive signal generation section 42
is:

[0210] {B(R1(20+1)), B(G1(2n+1)), B(B1(2n+1))},
{B(R2(2n+1)), B(G2(2n+1)), B(B2(2n+1))}, -

[0211] In the present embodiment, one pixel data inside
the parentheses {} is composed of three kinds of pixel data.
Therefore, the drive signal generation section 42 generates
pixel data for source drive from the three kinds of pixel data
in accordance with the reference result of the LUT 43, and
generates control signals for source drive, such as a source
clock for control of data capture, a source start pulse
indicating start of data, and a latch pulse controlling the
switching of source output; and the drive signal generation
section 42 transmits them to the source drive circuit 45.

[0212] Further, the drive signal generation section 42
simultaneously generates control signals for gate drive for
controlling the gate drive circuit 46, such as a gate clock
indicating timing of applied gate bus line’s shift and a gate
start pulse indicating a start of frame switching, and trans-
mits them to the gate drive circuit 46.

[0213] The source drive circuit 45 sets voltages to be
applied to the source bus lines in accordance with the pixel
data for source drive and control signals transmitted; and a
voltage value transmitted from the drive voltage generation
section 44.

[0214] In the source bus lines shown in FIG. 15, a voltage
required for the display of B(R1(2n+1))’s gradation is
applied to a source bus line S1, a voltage required for the
display of B(G1(2n+1))’s gradation is applied to a source
bus line S2, a voltage required for the display of B(B1(2n+
1))’s gradation is applied to a source bus line S3, a voltage
required for the display of B(R2(2n+1))’s gradation is
applied to a source bus line S4, a voltage required for the
display of B(G2(2n+1))’s gradation is applied to a source
bus line S5, and a voltage required for the display of
B(B2(20+1))’s gradation is applied to a source bus line S6.

[0215] With the above operation, color mixture of colors
between frames is conducted.

[0216] In the above arrangement, in the drive signal gen-
eration section 42, a frame cycle when the image data is
inputted is the same as that when the generated image data
is outputted. For this reason, it is necessary to decrease a
frame frequency when mixture of colors is conducted at the
time of output.

[0217] Consequently, as shown in FIG. 16, the frame at
the time of output is divided into sub-frames each having a
half cycle of the frame at the time of input so that color
mixture can be conducted without decreasing the frame
frequency.

[0218] For example, input data is:

[0219] {R1, G1, B1}, {R2, G2, B2}, {R3, G3, B3},
{R4, G4, B4}, where the parentheses {} indicate a
segment of one pixel data, and input data is made
from a combination of (R, G, B).

[0220] The output data of sub-frame A is:
[0221] {ARD), AGD, A(BD}, {AR2), A(GD),

A(B2)}, . .. Inthe present embodiment, one pixel data inside
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the parentheses {} is composed of three kinds of pixel data.
Therefore, the drive signal generation section 42 generates
pixel data for source drive from the three kinds of pixel data.
Further, in addition to the generated pixel data, the drive
signal generation section 42 adds control signals for source
drive, such as a source clock for control of data capture, a
source start pulse indicating start of data, and a latch pulse
controlling the switching of source output; and transmits
them to the source drive circuit 45.

[0222] Further, the drive signal generation section 42
simultaneously generates control signals for gate drive for
controlling the gate drive circuit 46, ie. a gate clock
indicating timing of applied gate bus line’s shift and a gate
start pulse indicating a start of frame switching, and trans-
mits them to the gate drive circuit 46.

[0223] The source drive circuit 45 sets voltages to be
applied to the source bus lines in accordance with the pixel
data for source drive and control signals transmitted; and a
voltage value transmitted from the drive voltage generation
section 44.

[0224] 1In the source bus lines shown in FIG. 15, a voltage
required for the display of A(R1)’s gradation is applied to a
source bus line S1, a voltage required for the display of
A(G1)’s gradation is applied to a source bus line S2, a
voltage required for the display of A(B1)’s gradation is
applied to a source bus line S3, a voltage required for the
display of A(R2)’s gradation is applied to a source bus line
S4, a voltage required for the display of A(G2)’s gradation
is applied to a source bus line S5, and a voltage required for
the display of A(B2)’s gradation is applied to a source bus
line S6.

[0225] The operation of the sub-frame A is performed in
half of the time period taken for that of the original frame.

[0226] Meanwhile, the output data of sub-frame B is:

[0227] {BR1), B(GI), B(BL)}, {B(R2), B(G2),
B(B2)}, ...
[0228] In the present embodiment, one pixel data inside

the parentheses {} is composed of three kinds of pixel data.
Therefore, the drive signal generation section 42 generates
pixel data for source drive, in addition to control signals for
source drive, such as a source clock for control of data
capture, a source start pulse indicating start of data, and a
latch pulse controlling the switching of source output; and
the drive signal generation section 42 transmits them to the
source drive circuit 45.

[0229] Further, the drive signal generation section 42
simultaneously generates control signals for gate drive, such
as a gate clock indicating timing of applied gate bus line’s
shift and a gate start pulse indicating a start of frame
switching, as control signals for controlling the gate drive
circuit 46, and transmits them to the gate drive circuit 46.

[0230] The source drive circuit 45 sets voltages to be
applied to the source bus lines in accordance with the pixel
data for source drive and control signals transmitted; and a
voltage value transmitted from the drive voltage generation
section 44.

[0231] In the source bus lines shown in FIG. 15, a voltage
required for the display of B(R1)’s gradation is applied to a
source bus line S1, a voltage required for the display of
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B(Gl)’s gradation is applied to a source bus line S2, a
voltage required for the display of B(B1)’s gradation is
applied to a source bus line S3, a voltage required for the
display of B(R2)’s gradation is applied to a source bus line
S4, a voltage required for the display of B(G2)’s gradation
is applied to a source bus line S5, and a voltage required for
the display of B(B2)’s gradation is applied to a source bus
line S6.

[0232] As the operation of the sub-frame A, the operation
of the sub-frame B is also performed in half of the time
period taken for that of the original frame.

[0233] The outputs of the sub-frames A and B are carried
out continuously. The operation carried out for each input
frame causes color mixture of colors between frames.

[0234] The drive signal generation section 42 for realizing
a method of dividing the input frame as shown in FIG. 16
into two sub-frames is arranged, as shown in FIG. 17, so that
image data, which is input data, is supplied via a memory 49
to a pixel data conversion section 21. Except for this
arrangement, the drive signal generation section 42 has the
same arrangement as that of the drive signal generation
section 2 shown in FIG. 4 in First Embodiment.

[0235] More specifically, in the present embodiment,
image data is once stored in the memory 49 so that pixel data
for source drive is generated with a time delay in the pixel
data conversion section 21.

[0236] As described above, even in case where a frame is
considered, as in First Embodiment, gradation characteristic
can be improved at the halftone of black and white, which
results in excellent viewing angle characteristic. This can
reduce the gradation curve’s distortion in the liquid crystal
panel with an increased viewing angle.

[0237] As the case described above, a pixel is not com-
posed of plural sub-pixels, but a frame for display of one
pixel is composed of plural sub-frames. This uses the image
persistence of human eye, and the adjustment in the number
of sub-frames causes a color mixture for human eye.

[0238] For this reason, a simple increase in the number of
sub-frames cannot increase the display performance, unlike
the case of the simple increase in the number of sub-pixels.
This is because the change by continuous output of the
sub-frames simply increased in number just looks like the
flicker of colors, not color mixture, for human eye.

[0239] Therefore, one set of the change must be completed
while the change causes the color mixture to occur for
human eye. The one set of the change in this case must occur
at the frequencies from 30 Hz to 80 Hz.

[0240] Further, in case where the number of sub-frames is
increased, in other words, the number of frame divisions is
increased, it is necessary to accept the flicker of colors or to
speed up the device. Note that, in case of speed-up of the
device, there is the problem of the increase in manufacturing
cost.

[0241] From the above point, the number of sub-frames
should be also decided in view of the purpose of using the
liquid crystal display device.

[0242] Note that, in First Embodiment through Third
Embodiment disclosed has been the arrangement of the
liquid crystal display device with the increased viewing
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angle for decreasing the gradation curve’s distortion to
improve the display quality level, and the explanation of the
arrangement has been made.

[0243] On the other hand, the case is considered that when
a mobile apparatus such as a notebook computer is used out
of doors, a narrow viewing angle is effective so that other
people cannot see its display screen.

[0244] Therefore, the following Fourth Embodiment
explains a liquid crystal display device in which a user can
adjust a desired viewing angle by increasing or decreasing
the gradation curve’s distortion.

[0245] [Fourth Embodiment]

[0246] The following will explain yet another embodi-
ment of the present invention.

[0247] As shown in FIG. 18, a liquid crystal display
device 51 according to the present embodiment includes a
drive signal generation section 52, an LUT 53, a drive
voltage generation section 54, a source drive circuit 55, a
gate drive circuit 56, and a liquid crystal panel 57.

[0248] The liquid crystal display device 51 has substan-
tially the same arrangement as that of the liquid crystal
display device 1 in First Embodiment; however, it is differ-
ent in that plural look-up tables which can be referred are
prepared in the LUT 53 so that they can be selectively
referred. In the present embodiment, a selection signal is
supplied to the LUT 53, and a look-up table can be selected
in accordance with the selection signal.

[0249] As shown in FIG. 19, the drive signal generation
section 52 has the same arrangement as that of the drive
signal generation section 2 shown in FIG. 4 in First Embodi-
ment. However, the LUT 53 is different from the LUT 3
described in First Embodiment in that five look-up tables
(LUT 0 to LUT 4) and a switch 58 for changing these
look-up tables are included.

[0250] The switch 58 selects any of the five look-up tables
(LUT 0 to LUT 4) in accordance with the selection signal
supplied from outside. Then, the gradation of supplied
image data is set with reference to the selected look-up table.

[0251] The LUT 0 to LUT 4 are set so as to include
respectively different viewing angle characteristics, so that it
is possible to change the viewing angle characteristic by
changing the LUTs.

[0252] Generally, in case of ASV and MVA modules, the
viewing angle characteristic gets well as the color displayed
actually on the screen is closer to white and black, and the
viewing angle characteristic is poor at the halftone levels.
Accordingly, in the case of First Embodiment, white (gra-
dation level 255) of data and black (gradation level 0) of data
are sct as shown below in Table 4.

TABLE 4
0 255
Gradation Gradation Gradation Gradation Gradation
of Pixel § of Pixel A of Pixel B of Pixel A of Pixel B
1LUT 0 0 0 255 255
1UT 1 8 8 252 252
1UT 2 16 16 248 248
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TABLE 4-continued

0 255
Gradation Gradation Gradation Gradation Gradation
of Pixel 8 of Pixel A of Pixel B of Pixel A of Pixel B
LUT 3 24 24 244 244
LUT 4 32 32 240 240
[0253] Thus, by setting the LUTS, a contrast characteristic

can be changed so as to deteriorate as it goes down from the
LUT 0 1o LUT 4.

[0254] As to the halftone, it is set so that the gradation
curve of the front is maintained to be y=2.2, and the
gradation curve of the viewing angle viewed from the side
is out of y=2.2 as it goes down from the LUT 0 to the LUT
4.

[0255] As described above, it is possible to realize the
change in the viewing angle characteristic.

[0256] Here, changing mechanism of the viewing angle
characteristic is explained specifically. Note that, it is
assumed that the structure of the liquid crystal display
device is virtually the same as that of First Embodiment, and
plural, selectable LUTs are added to the structure.

[0257] Note that, it is defined that a pixel is divided into
two as an arrangement condition.

[0258]

[0259] 0©°, 22.5°, 77.5°, 90°, 112.5°, 135°, 157.5°,
180°, 202.5°, 225°, 247.5°, 270°, 292.5°, 315°, and
337.5°.

The set azimuth ¢ is set to:

[0260] The lowest contrast ratio in a range of viewing
angle is 10.

[0261]

[0262] Central contrast ratio is 300. This is a general
specification in a monitor liquid crystal module.

The module for a wide viewing angle is ASV.

[0263] Adjustment is carried out at five levels.

[0264] As the viewing angle characteristic, important
parameters are given below.

[0265] (A) Viewing angle characteristic of contrast
[0266] (B) Viewing angle characteristic of gradation curve
[0267] First, the setting of (A) viewing angle characteristic

of contrast is explained.

[0268] The contrast, which is black-and-white ratio, is
found out by the following equation (6):

L(g, 6, 255) )

Contrust(, 8) = W

[0269] Further, the central contrast ratio is 300, so that it
is necessary to satisfy the following equation (7).
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L0, 0, 255) > 300 )]

Contrust(0, 0) = 10.0.0)

[0270] The lowest contrast ratio in the range of viewing
angle is defined to be 10, so that it is necessary to satisfy the
following equation (8).

L(g, 6,255) ®)

Contrust(¢, 8) = W =10

[0271] Note that, the set azimuth ¢ of satisfy all condi-
tions.
[0272] Next, preparation of a table for changing five levels

of viewing angle characteristics is carried out.

[0273] The viewing angle characteristic of contrast varies
depending on kurtosis in a graph of contrast. In a normal
graph of contrast, the kurtosis is obtained by division of a
pulse size by a pulse width, as shown in FIG. 20. Therefore,
a large pulse with a narrow width produces a large kurtosis.

[0274] Here, the central contrast ratio is set by the follow-
ing equation (9):

L(0, 0, 255) ©)

Contrust(0, 0) = 10.0.0) 300

11§

[0275] Setting of the central contrast ratio by the equation
(9) makes the pulse size constant, so that the kurtosis is
decided by the pulse width. Note that, the viewing angle
characteristic has also directions, and the pulse width is
obtained by area.

[0276] Here, the pulse width is specified by the contrast
ratio of 250, and the area of pulse width is calculated by the
above equations (6), (7), and (9). The maximum value of the
calculated area is Smax, and the maximum value is Smin.

[0277] Then, the areas of the pulse widths from the LUT
0 to the LUT 4 are found out as follows:

[0278] LUT 0: Smax
[0279] LUT 1: (Smax-Smin)x0.75+Smin
[0280] LUT 2: (Smax-Smin)x0.5+Smin
[0281] LUT 3: (Smax-Smin)x0.25+Smin
[0282] LUT 4: Smin
[0283] Results obtained in the above manner are given by
the following Table 5.
TABLE 5
n=0 n =255
Pattern n, 1y 1, 1y
LUT 0 0 0 173 209
LUT 1 0 2 141 229
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TABLE 5-continued

n=0 n =255
Pattern N, N n, ng
LUT 2 0 7 19 202
LUT 3 1 14 213 242
LUT 4 10 13 240 255
[0284] FIG. 21 shows the results in Table 5 in a graph

showing a relation between a contrast ratio and a viewing
angle.

[0285] As scen from the graph shown in FIG. 21, the
viewing angle characteristic of the contrast varies depending
on the LUT while maintaining the central contrast ratio of
300. More specifically, it is apparent that the LUT 0 has the
best viewing angle characteristic of the contrast, and the
viewing angle characteristic of the contrast gets worse as it
goes down to the LUT 4.

[0286] Secondly, (B) viewing angle characteristic of gra-
dation curve is explained.

[0287] The gradation curve must be close to the curve of
v=2.2 in the range of viewing angle and away from y=2.2 out
of the range of viewing angle. The equation of y=2.2 is given
by the following equation (10):

L($, 0,255 - L(¢, 9. 0)] ( L($,0,0)

n 22
re2 s = (5] o[22

[0288]

[0289] Then, in case of First Embodiment, two pixels
make up one pixel. Therefore, the following is the luminance
of gradation n when the gradations of the two pixels are n,
and ng.

[0290] Here, values of n, and ng when n=0 and n=255 are
the values shown in Table 5. Therefore, normalized lumi-
nance L is based on the value when n=255.

[0291] This means that a small error of the numeral value
between the normalized luminance 1, and the equation

norm

(10) makes the gradation curve close to y=2.2.

[0292] Consequently, the error e of the numeral value
between the normalized luminance L and the equation

norm

(10) can be obtained by the following equation (11):

Note that, I" is a numerical value normalized by 1.

norm

@, 0. 1) = [ (Lpom(#, 6. 0)—T(2.2, ¢, 6, n))| 1)

[0293] Here, change of appearance means change in kur-
tosis of the error’s curve. Therefore, the viewing angle
characteristic of the gradation curve can be set by selecting
a combination of gradations by the following steps:

[0294] (1) Calculate the luminance value which is a
targeted value from the contrast ratio found out in the
explanation (A) of the viewing angle characteristic
of the contrast.

1@, 0,255
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[0295] (2) Select the combination in which the error
¢ at the front is not more than 1% with respect to the
luminance value found out at the above step (1).

[0296] (3) Find out the area of the pulse width within
10% error of the combination obtained at the above

step (2).
[0297] (4)Find out the maximum area, Smax, and the
minimum area, Smin, in the combination.

[0298] (5) Set five levels of areas from the areas
found out at the step (4) as follows:

[0299] LUT 0: Smax

[0300] LUT 1: (Smax-Smin)x0.75+Smin

[0301] LUT 2: (Smax-Smin)x0.5+Smin

[0302] LUT 3: (Smax-Smin)x0.25+Smin

[0303] LUT 4: Smin

[0304] (6) Select the combination so as to be the arca

found out at the step (5).

[0305] The combinations found out by the above steps are
shown in the following Tables 6 to 10. Incidentally, the
gradation levels 0 and 255 are also selected as the combi-
nation, so that these combinations of the gradations is
different from the result obtained in the explanation regard-
ing the viewing angle characteristic of contrast.

(10)
TABLE 6
LUTO
Gradation n Ly g
0 0 0
16 4 16
32 0 33
48 7 49
04 0 66
80 7 82
96 14 98
112 4 115
128 0 132
144 0 148
160 0 165
176 0 181
192 0 198
208 4 215
224 28 231
240 57 244
255 91 252
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[0306]
TABLE 7
LUT1
Gradation n Na N
0 0 1
16 4 16
32 0 33
48 6 49
64 12 65
80 6 82
96 14 98
112 4 115
128 14 131
144 12 147
160 0 164
176 5 181
192 32 195
208 60 208
224 99 212
240 48 244
255 78 254
[0307]
TABLE 8
LUT2
Gradation n Ty np
0 0 7
16 7 17
32 22 28
48 1 51
64 19 67
80 35 80
96 30 100
112 48 112
128 32 135
144 42 150
160 32 170
176 29 187
192 59 199
208 91 208
224 135 205
240 63 252
255 110 254
[0308]
TABLE 9
LUT3
Gradation n n, ng
0 0 14
16 6 23
32 20 37
48 39 48
64 43 69
80 60 82
96 85 87
112 59 128
128 67 146
144 68 167
160 68 188
176 61 210
192 91 222
208 122 232
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TABLE 9-continued
LUT3
Gradation n n, ng
224 164 231
240 162 254
255 196 254
[0309]
TABLE 10
LUT4
Gradation n Ly g
0 5 17
16 18 21
32 3 35
48 38 56
64 48 75
80 74 83
96 90 98
112 105 114
128 120 130
144 134 147
160 142 169
176 162 181
192 176 198
208 190 215
224 214 223
240 208 254
255 239 254

[0310] The gradation curves obtained by the LUTS are
shown in FIGS. 22 to 26, respectively. More specifically, the
gradation curve obtained by the LUT 0 in Table 6 is shown
in the graph of FIG. 22. The gradation curve obtained by the
LUT 1 in Table 7 is shown in the graph of FIG. 23. The
gradation curve obtained by the LUT 2 in Table 8 is shown
in the graph of FIG.24. The gradation curve obtained by the
LUT 3 in Table 9 is shown in the graph of FIG. 25. The
gradation curve obtained by the LUT 4 in Table 10 is shown
in the graph of FIG. 26.

[0311] Note that, the present invention is applicable to a
method of electrically increasing a viewing angle as dis-
closed in Japanese Laid-Open Patent Publication No.
121144/1995, and it is possible to obtain combined effects
by the combination with a technique of improving a contrast.

[0312] InFifth and Sixth Embodiments mentioned later, as
in the foregoing Embodiments, assumed is a liquid crystal
display device which adjusts a gradation curve’s distortion
with respect to a viewing angle on the display screen to
obtain a high contrast and an excellent gradation curve in a
wide range of viewing angle, thereby improving a display
quality level of a display screen; and which realizes a display
screen with a narrow viewing angle, thereby allowing infor-
mation not desired to be seen by other people to be securely
displayed thereon. Furthermore, an example for improving
the display quality level is explained.

[0313] [Fifth Embodiment]

[0314] The following will explain still another embodi-
ment of the present invention. Note that, the liquid crystal
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display device according to the present embodiment has
substantially the same arrangement as that of the liquid
crystal display device described in First Embodiment and
shown in FIG. 1; therefore, the explanation thereof is
omitted.

[0315] As the liquid crystal display device described in
First Embodiment and shown in FIG. 1, the liquid crystal
display device according to the present embodiment
includes one pixel 8 having pixel electrodes of red (R), green
(G), and blue (B), each of which are divided into divisional
pixels (sub-pixels) A and B. Note that, the present embodi-
ment will be explained with reference to FIGS. 32 through
34 in which the liquid crystal panel shown in FIG. 2 is given
schematically.

[0316] InFIGS. 32 through 34, a symbol Cmnd indicates
a divisional pixel d (A or B) of a pixel electrode having color
C(R, G, or B) of a pixel mn in the m-th row and n-th column.

[0317] Here, data of divisional pixels A and B are gener-
ated in accordance with data of a pixel mn. At this moment,
data allocation to the divisional pixels A and B are carried
out in accordance with the brightness and darkness of
luminance. More specifically, when the each pixel’s state
about brightness and darkness shown in FIG. 33 is regarded
as one frame, and the each pixel’s state about brightness and
darkness shown in FIG. 34 is regarded as one frame, data
allocation to the divisional pixels A and B are carried out in
such a manner that the frames shown in FIGS. 33 and 34 are
alternately repeated in accordance with the brightness and
darkness of luminance.

[0318] For example, stripes occur on a sigle-colored dis-
play screen when bright data are allocated onto the divi-
sional pixels A (R11A, GI1A, Bl1A, . . . R21A, G21A,
B21A, .. .), and dark data are allocated onto the divisional
pixels B (R11B, G11B, B11B, . . . R21B, G21B, B21B, . .
. ) in the state where the colored pixel electrodes are
arranged on the liquid crystal panel, each including the
divisional pixels A and B as shown in FIG. 32.

[0319] However, the occurrence of stripes on the sigle-
colored display screen can be prevented by setting the liquid
crystal panel so that data allocation to the divisional pixels
A and B are repeated alternately in accordance with the
brightness and darkness of luminance, and further by alter-
nately switching the states shown in FIGS. 33 and 34 frame
by frame with respect to the brightness and darkness of
luminance in each divisional pixel, in the state where the
colored pixel electrodes are arranged, each including the
divisional pixels A and B as shown in FIG. 32.

[0320] Note that, the frame-by-frame switching of the
divisional pixels (switching between FIGS. 33 and 34) can
be realized with a simple logical circuit including two
selectors 61 and 62 as shown in FIG. 35. In this circuit,
when control signal is 0, output is nA'=nA and nB'=nB, and
when control signal is 1, output is nA'=nB and nB'=nA. The
frame-by-frame switching of the divisional pixels is possible
by alternately switching the control signal between 0 and 1
frame by frame so asto be 0, 1, 0, 1, 0, 1, 0.

[0321] The above logical circuit is realized in the drive
signal generation section 2 of FIG. 1, explained in First
Embodiment, and the control signal is also generated
therein.
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[0322] When generating data on sub-pixels (divisional
pixels A and B), the drive signal generation section 2
generates plural patterns in accordance with display data and
changes the patterns frame by frame. More actually, in the
drive signal generation section 2, this can be realized by
preparing plural tables for converting into sub-pixels, based
on original image data, and by changing the tables frame by
frame.

[0323]

[0324] The following will explain still another embodi-
ment of the present invention. Note that, the liquid crystal
display device according to the present embodiment has
substantially the same arrangement as that of the liquid
crystal display device described in First Embodiment and
shown in FIG. 1; therefore, the explanation thereof is
omitted.

[0325] Generally, a liquid crystal display device performs
display operation in such a manner that liquid crystal
molecules are caused to move by applied electric field.
Incidentally, since the liquid crystal molecules have polari-
ties, a long applied electric field in one direction causes
polarization of the liquid crystal molecules. The occurrence
of polarization decreases a dynamic range of molecules’
movement, resulting in the problem of the deterioration in
display quality level.

[0326] Consequently, the polarity of the voltage applied to
the liquid crystal is inverted frame by frame to suppress the
polarization of liquid crystal, thereby preventing the dete-
rioration in display quality level. Note that, a method for
inverting the polarity of applied voltage includes a frame
inversion drive system, a line inversion drive system, a dot
inversion drive system, etc. and the following will explain
about these methods.

[0327] The frame inversion drive system changes the
polarity of voltages applied to pixels on the entire screen
frame by frame.

[0328] Further, the line inversion drive system drives in
such a manner that the polarity of each line is alternately
inverted by switching the states shown in FIGS. 36 and 37
frame by frame. Here, in FIGS. 36 and 37, symbols “+” and
“~” in the lines indicate a polarity of the applied voltage
(namely, positive voltage and negative voltage). In FIG. 36,
the polarity of lines is arranged in alternate order so as to be
+, -, +, . . . On the other hand, in FIG. 37, the polarity of
lines is arranged in opposite order of FIG. 36 so as to be -,
=

[0329] Furthermore, the dot inversion drive system drives
in such a manner that the polarity of all pixels is inverted
individually.

[0330] In the present embodiment, the line inversion drive
system will be explained below.

[0331] In the liquid crystal display device according to the
present embodiment, as in FIGS. 33 and 34 in Fifth
Embodiment, brightness and darkness of luminance are
alternately reversed frame by frame with respect to the
colored pixel electrodes each including the divisional pixels.

[0332] Note that, in the present embodiment, as shown in
FIGS. 38 and 39, cach divisional pixel has opposite polar-
ity, and the polarity of each line is inverted frame by frame.

[Sixth Embodiment]
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Here, in the drawings, “bright+” indicates that the polarity of
the applied voltage is positive, and it is bright one in the
divisional pixels. “Dark+” indicates that the polarity of the
applied voltage is positive, and it is dark one in the divisional
pixels. Furthermore, “bright-" indicates that the polarity of
the applied voltage is negative, and it is bright one in the
divisional pixels. “Dark-" indicates that the polarity of the
applied voltage is negative, and it is dark one in the
divisional pixels.

[0333] Basically, the luminance of the pixel to which the
positive voltage is applied is designed to be the same as that
of the pixel to which the negative voltage is applied.
However, the difference in luminance between them occurs
due to pixel variation, etc. caused during manufacturing. For
this reason, in case of the line inversion drive system, the
display of a pattern including alternately arranged single-
colored data at halftone and black color data looks flickering
on the single-colored display screen due to the difference in
luminance between the pixel to which the positive voltage is
applied and the pixel to which the negative voltage is
applied. This arises the problem of the deterioration in the
display quality level.

[0334] To solve this problem, switching the states shown
in FIGS. 38 and 39 frame by frame varies the polarity
arrangement and the arrangement of brightness and darkness
frame by frame, whereby a pattern easily looking flicker in
a single-colored display can be complicated. This makes it
difficult to cause this flicker in a usual display operation.
Note that, the variation in the polarity arrangement and the
arrangement of brightness and darkness can be set so that the
correlation coefficient is close to 0 where the polarity
arrangement and the arrangement of brightness and darkness
are variables.

[0335] More specifically, the drive signal generation sec-
tion 2 as the display data generating means generates a
pattern on sub-pixels to decrease a degree of correlation
between a pattern which is changed frame by frame and a
pattern for switching of a voltage applying direction. Here,
“to decrease a degree of correlation” means to decrease a
mutual influence by combining the pattern which is changed
frame by frame with the pattern for switching of a voltage
applying direction.

[0336] The change in the polarity of the applied voltage is
made by the drive voltage generation section 4 explained in
First Embodiment. Note that, the polarity inversion of the
applied voltage for preventing the polarization of liquid
crystal elements may be carried out by the source drive
circuit 5 besides the drive voltage generation section 4.

[0337] The liquid crystal display device according to the
present invention may have an arrangement in which the
distortion adjusting means include (a) a look-up table
referred to for adjustment of the gradation curve’s distortion
with respect to the viewing angle and (b) display data
generating means for generating display data in which the
gradation curve’s distortion with respect to the viewing
angle is adjusted in accordance with a reference result of the
look-up table.

[0338] In this case, the look-up table referred to for the
adjustment of the gradation curve’s distortion with respect to
the viewing angle can be changed in accordance with the
displaying purpose. For example, when a wide viewing
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angle is attempted, the look-up table is changed to a table for
a wide viewing angle content (gradation curve). When a
narrow viewing angle is attempted, the look-up table is
changed to a table for a narrow viewing angle content
(gradation curve). Therefore, the liquid crystal panel can
display in accordance with the displaying contents.

[0339] As described above, in case of one displaying
purpose, one look-up table may be prepared in advance.
However, in case of plural kinds of displaying purposes, a
plurality of look-up tables must be prepared in advance.

[0340] More specifically, the liquid crystal display device
may have an arrangement in which the distortion adjusting
means include (a) a plurality of look-up tables referred to for
adjustment of the gradation curve’s distortion with respect to
the viewing angle, (b) selecting means for selecting the
look-up tables, and (c) display data generating means for
generating display data in which the gradation curve’s
distortion with respect to the viewing angle is adjusted in
accordance with a reference result of the look-up tables.

[0341] In this case, it is possible for a user to display
information with an intended gradation curve by changing,
if necessary, look-up tables prepared corresponding to the
number of displaying purposes. Thus, change of look-up
tables makes it easy to carry out display operation in
accordance with a displaying purpose.

[0342] The following is a specific means of the adjustment
in the gradation curve’s distortion with respect to the view-
ing angle by the distortion adjusting means.

[0343] The liquid crystal display device may be arranged
so that one pixel in the liquid crystal panel is composed of
a plurality of sub-pixels each being capable of independent
drive, and

[0344] the distortion adjusting means set display data
supplied to the liquid crystal panel so as to show
respectively different gradation curves with respect
to all of the sub-pixels in the one pixel.

[0345] In this case, all of the sub-pixels constituting one
pixel can show respectively different gradation curves, so
that adjustment in gradations on the display screen can be
easily carried out, and it is possible to easily obtain the
display screen corresponding to the displaying purpose.

[0346] Further, increase in the number of divisions in the
one pixel, i.e. increase in the number of sub-pixels consti-
tuting one pixel makes easy adjustment of the gradation on
the display screen and easy improvement in the display
performance.

[0347] However, it is preferable that the number of sub-
pixels is decided in view of the purpose of using the liquid
crystal display device because the increase in the number of
sub-pixels has the following problems:

[0348] (1) the corresponding number of drive circuits
is required as the number of the sub-pixels increases,
and micro fabrication for the sub-pixels is also
required. This results in increase in manufacturing
cost of the liquid crystal display device.

[0349] (2) Increase in the number of circuits
increases elements such as wires inside the liquid
crystal panel, which reduces an open area ratio and
transmittance, so that the additional amount of light
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is required for securing a luminance. This increases
the power consumption of a back light, thereby
increasing the cost of the back light.

[0350] Note that, in case of two sub-pixels, it is possible
to incorporate the look-up table referred to for the adjust-
ment in the gradation curve’s distortion with respect to the
viewing angle into a source driver of the liquid crystal panel,
so that it is possible to suppress the circuit size of the liquid
crystal display device.

[0351] Further, in the following description, in case of a
liquid crystal display device with a liquid crystal panel
carrying out color display, one pixel of the liquid crystal
panel is composed of sub-pixels corresponding to three
primary colors and at least one sub-pixel of a color other
than three primary colors, and the distortion adjusting means
may set display data supplied to the liquid crystal panel so
as to show respectively different gradation curves with
respect to all of the sub-pixels in the one pixel.

[0352] This case also obtains a similar effect described
above as in the case of plural divisions of one pixel. More
specifically, all of the sub-pixels constituting one pixel can
show respectively different gradation curves, so that adjust-
ment in gradations on the display screen can be easily
carried out, and it is possible to easily obtain the display
screen corresponding to the displaying purpose.

[0353] Further, increase in the number of divisions in one
pixel, i.e. increase in the number of sub-pixels constituting
one pixel makes easy adjustment in the gradation on the
display screen and easy improvement in the display perfor-
mance.

[0354] However, the increase in the number of sub-pixels
is accompanied by the above problems (1) and (2). There-
fore, it is preferable that the number of sub-pixels is decided
in view of the purpose of using the liquid crystal display
device.

[0355] Note that, in case where there is one additional
sub-pixel other than the sub-pixels having three primary
colors, white is provided for the additional sub-pixel. In case
where there are two additional sub-pixels, green and red are
preferably provided for the additional sub-pixels because
contribution ratio to the luminance of green is high. Further,
in case where there are three additional sub-pixels other than
the sub-pixels having three primary colors, three primary
colors of red, green, and blue are preferably provided for the
additional sub-pixels.

[0356] Further, the display data generating means may set
so that the brightness and darkness of luminance are
repeated alternately with respect to the sub-pixels in one
frame in accordance with display data, have patterns for
generating plural kinds of data on sub-pixels which are
switched between the brightness and darkness of luminance,
and switch the patterns frame by frame.

[0357] More specifically, the display data generating
means, when generating data on sub-pixels, may generate a
plurality of patterns in accordance with the display data and
change the patterns frame by frame.

[0358] In this case, data allocation to the sub-pixels is
alternately repeated in accordance with the brightness and
darkness of luminance, which can suppress the occurrence
of recognizable repeated patterns such as stripe patterns on
a single-colored display screen, thereby improving the dis-
play quality level.
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[0359] 1Inother words, repeated patterns by the sub-pixels,
which causes the deterioration in the display quality level,
do not appear on the screen, thereby improving the display
quality level.

[0360] Furthermore, the liquid crystal display device may
have a function of using a pattern on sub-pixels which is set
to decrease a degree of correlation between a pattern for
changing frame by frame and a pattern for switching of a
voltage applying direction to prevent the polarization par-
ticular to the liquid crystal display device.

[0361] In this case, in each sub-pixel, the polarity arrange-
ment and the arrangement of brightness and darkness varies
frame by frame, so that it is possible to make the pattern
easily looking a flicker complicated. This makes it difficult
to cause the appearance of this flicker in a usual display
operation, thereby improving the display quality level.

[0362] Further, the liquid crystal display device may be
arranged so that one frame for displaying one pixel in the
liquid crystal panel is composed of a plurality of sub-frames,
and

[0363] the distortion adjusting means set display data
supplied to the liquid crystal panel so as to show
respectively different gradation curves with respect
to all of the sub-frames for displaying the one pixel.

[0364] In this case, as the case described above, a pixel is
not composed of plural sub-pixels, but a frame for display of
one pixel is composed of plural sub-frames. This uses the
image persistence of human eye, and the adjustment in the
number of sub-frames causes color mixture to occur for
human eye.

[0365] For this reason, a simple increase in the number of
sub-frames cannot increase the display performance, unlike
the case of the simple increase in the number of sub-pixels.
This is because the change by continuous output of the
sub-frames simply increased in number just looks like the
flicker of colors, not color mixture, for human eye in case
where the image persistence of human eye is used as
described above.

[0366] Therefore, one set of the change must be completed
while the change causes the color mixture for human eye.
The one set of the change in this case must occur at the
frequencies from 30 Hz to 80 Hz.

[0367] Further, in case where the number of sub-frames is
increased, in other words, the number of frame divisions is
increased, it is necessary to accept the flicker of colors or to
speed up the device. Note that, in case of speed-up of the
device, there is the problem of the increase in manufacturing
COst.

[0368] From the above point, the number of sub-frames
should be also decided in view of the purpose of using the
liquid crystal display device.

[0369] The above liquid crystal panel may be driven with
a mode of a liquid crystal with a wide viewing angle for
increasing a viewing angle.

[0370] In this case, setting of the gradation curve’s dis-
tortion with respect to the viewing angle to be small can
make the appearance of the display screen when viewed
from the front the same as that when viewed from the side.
Therefore, when the liquid crystal panel is driven in the
mode of a liquid crystal with a wide viewing angle, it is
possible to display at a wide viewing angle with a high
display quality level.
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[0371] Thus, as the mode of a liquid crystal with a wide
viewing angle preferably used for the present invention
included are IPS (In Plane Switching) mode, MVA (Multi
domain Vertical Aline) mode, ASV (Advance Super View)
mode, etc.

[0372] In the liquid crystal modes for increasing a viewing
angle, application of the present invention can obtain high
contrast and good gradation curve with a wide viewing
angle.

[0373] Further, in addition to an active matrix-driven
liquid crystal display device, the present invention is also
applicable to, a simple matrix-driven liquid crystal display
device, and a dynamic-driven liquid crystal display device if
they are capable of gradation display.

[0374] Further, the present invention is not limited to each
embodiments described above and susceptible of various
change within the scope of the accompanying claims. An
embodiment obtained by suitable combinations of technical
means disclosed in the different embodiments also fall
within the technical scope of the present invention.

[0375] The invention being thus described, it will be
obvious that the same 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 modifications
as would be obvious to one skilled in the art intended to be
included within the scope of the following claims.

What is claimed is:

1. A liquid crystal display device having a liquid crystal
panel being capable of gradation display, which includes
distortion adjusting means for adjusting gradation curve’s
distortion with respect to a viewing angle, the gradation
curve indicating a relation between a gradation and a lumi-
nance ratio on a display screen of the liquid crystal panel.

2. The liquid crystal display device according to claim 1,
wherein the distortion adjusting means include (a) a look-up
table referred to for adjustment of the gradation curve’s
distortion with respect to the viewing angle and (b) display
data generating means for generating display data in which
the gradation curve’s distortion with respect to the viewing
angle is adjusted in accordance with a reference result of the
look-up table.

3. The liquid crystal display device according to claim 2,
wherein (b) the display data generating means, when gen-
erating data on sub-pixels, generate a plurality of patterns in
accordance with the display data and change the patterns
frame by frame.

4. The liquid crystal display device according to claim 3,
wherein (b) the display data generating means generate a
pattern on sub-pixels to decrease a degree of correlation
between a pattern which is changed frame by frame and a
pattern for switching of a voltage applying direction.

5. The liquid crystal display device according to claim 4,
wherein a polarity of voltage applied to a liquid crystal is
inverted frame by frame so that the voltage applying direc-
tion is switched.

6. The liquid crystal display device according to claim 1,
wherein the distortion adjusting means include (a) a plurality
of look-up tables referred to for adjustment of the gradation
curve’s distortion with respect to the viewing angle, (b)
selecting means for selecting the look-up tables, and (c)
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display data generating means for generating display data in
which the gradation curve’s distortion with respect to the
viewing angle is adjusted in accordance with a reference
result of the look-up tables.

7. The liquid crystal display device according to claim 6,
wherein (c) the display data generating means, when gen-
erating data on sub-pixels, generate a plurality of patterns in
accordance with the display data and change the patterns
frame by frame.

8. The liquid crystal display device according to claim 7,
wherein (c) the display data generating means generate a
pattern on sub-pixels to decrease a degree of correlation
between a pattern which is changed frame by frame and a
pattern for switching of a voltage applying direction.

9. The liquid crystal display device according to claim 1,
wherein one pixel in the liquid crystal panel is composed of
a plurality of sub-pixels each being capable of independent
drive, and

the distortion adjusting means set display data supplied to
the liquid crystal panel so as to show respectively
different gradation curves with respect to all of the
sub-pixels in the one pixel.

10. The liquid crystal display device according to claim 1,
wherein one pixel in the liquid crystal panel is composed of
sub-pixels corresponding to three primary colors, and at
least one sub-pixel of a color other than the three primary
colors, and

the distortion adjusting means set display data supplied to
the liquid crystal panel so as to show respectively
different gradation curves with respect to all of the
sub-pixels in the one pixel.

11. The liquid crystal display device according to claim
10, wherein the sub-pixel other than the sub-pixels corre-
sponding to the three primary colors is a sub-pixel of white.

12. The liquid crystal display device according to claim 1,
wherein one frame for displaying one pixel in the liquid
crystal panel is composed of a plurality of sub-frames, and

the distortion adjusting means set display data supplied to
the liquid crystal panel so as to show respectively
different gradation curves with respect to all of the
sub-frames for displaying the one pixel.

13. The liquid crystal display device according to claim 1,
wherein the liquid crystal panel is driven with a mode of a
liquid crystal with a wide viewing angle for increasing a
viewing angle.

14. The liquid crystal display device according to claim 1,
wherein the distortion adjusting means divide an inputted
frame into sub-frames each having a half cycle of the
inputted frame and output the sub-frames.

15. The liquid crystal display device according to claim
14, wherein the sub-frame is outputted continuously.

16. The liquid crystal display device according to claim
15, wherein change by continuous output of the sub-flames
occurs at the frequencies from 30 Hz to 80 Hz.

17. The liquid crystal display device according to claim 1,
wherein the distortion adjusting means include a logical
circuit which carries out frame-by-frame switching of the
sub-pixels.
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GATE DRIVE CIRCUIT
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