US 20070013633A1

12y Patent Application Publication (o) Pub. No.: US 2007/0013633 Al

a9y United States

Kamada et al.

43) Pub. Date: Jan, 18, 2007

(54) LIQUID CRYSTAL DISPLAY

(76) Inventors: Tsuyoshi Kamada, Kawasaki (JP);
Yohei Nakanishi, Kawasaki (JP);
Kazuya Ueda, Kawasaki (JP);
Hidefumi Yoshida, Kawasaki (IP);
Hideaki Tsuda, Kawasaki (JP)

Correspondence Address:

HARNESS, DICKEY & PIERCE, P.L.C.
P.O. BOX 8910

RESTON, VA 20195 (US)

(21) Appl. No.:  11/314,005

(22) Filed: Dec. 22, 2005
(30) Foreign Application Priority Data
Dec. 27,2004 (JP) oveorerreecrererecerrerrenennne 2004-377569

Publication Classification

(51) Int. CL
GOIG  3/36 (2006.01)
(52) UsS. CL oottt 345/98

(57) ABSTRACT

The invention relates to a liquid crystal display used in a
television receiver or a display section of an electronic
apparatus and provides a liquid crystal display having a wide
viewing angle and high viewing angle characteristics. The
viewing angle characteristics of low gradations are
improved by the capacitive coupling HT method. The view-
ing angle characteristics of high gradations above the inter-
mediate gradation are improved by the driving HT method.
A liquid crystal is driven using the capacitive coupling HT
method and the driving HT method in combination to
combine the effect of improvement of both methods, thereby
improving the viewing angle characteristics of a liquid
crystal display for a wide range from a low gradation to a
high gradation.
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LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a liquid crystal
display used in a television receiver or a display section of
an electronic apparatus.

[0003] 2. Description of the Related Art

[0004] FIGS. 22A and 22B show an example of a con-
figuration of an MVA (Multi-domain Vertical Alignment)
type liquid crystal display. FIG. 22A schematically shows a
sectional structure of a liquid crystal display panel 101. FIG.
22B shows a structure of one pixel of the MVA type liquid
crystal display panel 101 as viewed in a direction normal to
the display screen. As shown in FIGS. 22A and 22B, the
liquid crystal display panel 101 has a TFT substrate 102 on
which thin film transistors (TFTs) 110 are formed and an
opposite substrate 103 on which a common electrode and a
color filter (CF) layer are formed. The substrates 102 and
103 are combined using a peripheral sealing material 105. A
liquid crystal layer 104 is sealed between the substrates 102
and 103. A predetermined gap (cell gap) is maintained by
spacers 106 between the TFT substrate 102 and the opposite
substrate 103. The call gap may be maintained at the
predetermined value by spacers in the form of protrusions
instead of the spacers 106. A polarizer 107 is disposed, for
example, on a crossed Nicols basis on each of surfaces of the
TFT substrate 102 and the opposite substrate 103 opposite to
the sides of the substrate facing each other. A mounting
terminal 108 for mounting a liquid crystal driving IC (not
shown) is formed on the TFT substrate 102.

[0005] As shown in FIG. 22B, the TFT substrate 102
includes a gate bus line 112 formed to extend in the
horizontal direction in the figure and a drain bus line 111
formed to extend in the vertical direction in the figure across
the gate bus line 112 with an insulation film interposed
between them. A TFT 110 for driving the pixel is formed in
the vicinity of an intersection between the bus lines 111 and
112. A part of the gate bus line 112 serves as a gate electrode
of the TFT 110. A drain electrode (D) of the TFT 110 is
electrically connected to a drain bus line 111. A source
electrode (S) of the TFT 110 is electrically connected to a
pixel electrode 109 formed in a pixel region defined by the
bus lines 111 and 112. A storage capacitor bus line 117 is
formed so as to extend across the pixel region in parallel
with the gate bus line 112. A storage capacitor electrode
(intermediate electrode) 116 is formed at each pixel above
storage capacitor bus line 117 with an insulation film inter-
posed between them. A storage capacitor Cs is formed by the
storage capacitor bus line 117, the storage capacitor elec-
trode 116, and the insulation film sandwiched between them.

[0006] The pixel electrode 109 is formed with slits 114
which are blanks in the electrode material. Linear protru-
sions 115 are formed on the opposite substrate 103. The slits
114 and the linear protrusions 115 serve as alignment
regulating structures for regulating the direction in which
liquid crystal molecules (not shown) in the liquid crystal
layer 104 are tilted when a voltage is applied. The pixel
region is divided into domains in which liquid crystal
molecules are tilted in four respective directions because of
the slits 114 and the linear protrusions 115. Since the liquid

1. Field of the Invention
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crystal 103 is tilted in four directions, a bias of the viewing
angle of the display panel is leveled when compared to that
of a liquid crystal display in which a liquid crystal is tilted
only in one direction. A significant improvement in viewing
angle characteristics is thus achieved. Such a technique is
referred to as a domain division technique.

[0007] FIG. 23 schematically shows a sectional structure
of an MVA type liquid crystal display employing the domain
division technique. FIG. 23A shows a state of the section
observed when no voltage is applied to the liquid crystal
layer 104. FIGS. 23B and 23C show a state observed when
a voltage is applied to the liquid crystal layer 104. Referring
to FIGS. 23 A and 23B, the linear protrusions 115 serving as
alignment regulating structures are formed on both of the
opposite substrate 103 on which the pixel electrode 118 and
a vertical alignment film 119 are formed in the order listed
and the TFT substrate 102 on which the pixel electrode 109
is formed. Referring to FIG. 23C, the slits 114 serving as
alignment regulating structures are formed only on the TET
substrate 102. Although not shown, the linear protrusions
115 may be provided on only one of the substrates.

[0008] As shown in FIG. 23A, liquid crystal molecules
120 are aligned substantially perpendicularly to a surface of
the TFT substrate 102 when no voltage is applied. When a
voltage is applied between the substrates 102 and 103, as
shown in FIG. 23B, the liquid crystal molecules 120 are
tilted in directions which are determined by the shape of the
linear protrusions 115. As shown in FIG. 23C, when a
voltage is applied between the substrates 102 and 103 in the
structure formed with the slits 114, the tilting direction of the
liquid crystal molecules 120 is determined by an effect of an
electric field generated in the liquid crystal layer 104.
Although not shown, some known liquid crystal display
panels have a structure in which linear protrusions 115 are
formed on either of substrates 102 and 103 and in which slits
114 are formed on the other substrate. Such a structure is
most commonly used in existing MVA type liquid crystal
displays.

[0009] Patent Document 1: JP-A-2-12

[0010] Patent Document 2: U.S. Pat. No. 4,840,460
[0011] Patent Document 3: Japanese Patent No. 3076938
[0012] Patent Document 4: JP-A-2002-333870

[0013] FIG. 24 is a graph showing transmittance charac-

teristics relative to applied voltages (T-V characteristics) of
a VA (Vertically Aligned) type liquid crystal display. The
abscissa axis represents voltages (V) applied to the liquid
crystal layer, and the ordinate axis represents light transmit-
tance. The curve A connecting black circles in the figure
indicates T-V characteristics in a direction perpendicular to
the display screen (hereinafter referred to as a square direc-
tion). The curve B connecting asterisks in the figure indi-
cates T-V characteristics in a direction at an azimuth angle
of 90° and a polar angle of 60° to the display screen
(hereinafter referred to as an oblique direction). An azinuth
angle is an angle measured counterclockwise with reference
to the direction to the right of the display screen. A polar
angle is an angle to a line vertical to the center of the display
screet.

[0014] As shown in FIG. 24, there is a distortion of
transmittance (luminance) in the vicinity of the region
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enclosed by the circle C. For example, transmittance in the
oblique direction is higher than transmittance in the square
direction for relatively low gradations appearing a voltage of
about 2.5 V is applied, whereas the transmittance in the
oblique direction is lower than the transmittance in the
square direction for relatively high gradations appearing
when a voltage of about 4.5 V is applied. As a result, there
are small differences in luminance within the range of
effective driving voltages when the screen is viewed in the
oblique direction. This phenomernon is most significantly
observes as variation of a color.

[0015] FIGS. 25A and 25B show variation of a view of an
image displayed on a display screen. FIG. 25A shows the
image as viewed in a direction square to the screen, and FIG.
25B shows the image as viewed in an oblique direction. As
shown in FIGS. 25A and 25B, when the display screen is
viewed in the oblique direction, the color of the image
appears more whitish than the view in the square direction.

[0016] FIGS. 26A, 26B, and 26C show gradation histo-
grams of three primary colors, i.e., red (R), green (G), and
blue (B) in a reddish image. FIG. 26A shows a gradation
histogram of red. FIG. 26B shows a gradation histogram of
green. FIG. 26C shows a gradation histogram of blue. The
abscissa axes of FIGS. 26A to 26C represent gradations (256
gradations at levels 0 to 255), and the ordinate axes represent
rates of presence (%). As shown in FIGS. 26A to 26C,
relatively high gradations of red and relatively low grada-
tions of green and blue are present in this image at high rates
of presence. When such an image is displayed on the display
screen of a VA type liquid crystal display and viewed in an
oblique direction, red which is a light tone turns relatively
darker, and green and blue which are dark tones turn
relatively lighter. Since differences in luminance between
the three primary colors consequently become small, the
color of the screen as a whole becomes whitish.

[0017] As thus described, an MVA type or VA type liquid
crystal display is excellent in viewing angle characteristics
in a direction square to the same. However, the liquid crystal
display has a problem in that its viewing angle characteris-
tics are not satisfactory because the display screen as a
whole appears in a whitish color when it is viewed in a
direction oblique to the same. The problem described simi-
larly occurs on a liquid crystal display of the TN (Twisted
Nematic) type that is a driving method according to the
related art.

SUMMARY OF THE INVENTION

[0018] Tt is an object of the invention to provide a liquid
crystal display having a wide viewing angle and high
viewing angle characteristics.

[0019] The above-described object is achieved by a liquid
crystal display characterized in that it includes a liquid
crystal sealed between a pair of substrates provided opposite
to each other, a plurality of pixels provided in a form of a
matrix on either of the pair of substrates, a thin film
transistor formed at each of the pixels, an image processing
unit for determining a high luminance of the pixel in a
high-luminance frame and a low luminance of the pixel in a
low-luminance frame and the ratio of presence between the
high-luminance frame and the low-luminance frame to
achieve luminance substantially equal to predetermined
luminance by combining the high-luminance frame which
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drives the pixel to luminance higher than the predetermined
luminance that is associated with a gradation value in input
image data and the low-luminance frame which drives the
pixel to luminance lower than the predetermined luminance,
a first sub-pixel formed in the pixel, and a second sub-pixel
which is formed in the pixel separately from the first
sub-pixel and which provides luminance per unit area lower
than that of the first sub-pixel.

[0020] The invention makes it possible to provide a liquid
crystal display having a wide viewing angle and high
viewing angle characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 shows a schematic configuration of a liquid
crystal display in a first mode for carrying out the invention;

[0022] FIG. 2 is a view of the liquid crystal display in the
first mode for carrying out the invention showing a basic
configuration of one pixel used in a capacitive coupling HT
method;

[0023] FIG. 3 is a view of the liquid crystal display in the
first mode for carrying out the invention showing a basic
sectional configuration of one pixel used in the capacitive
coupling HT method;

[0024] FIG. 4 shows an equivalent circuit of the one basic
pixel of the liquid crystal display in the first mode for
carrying out the invention for which the capacitive coupling
HT method is used;

[0025] FIG. 5 shows viewing angle characteristics of a
liquid crystal display in the first mode for carrying out the
invention which is a VA type liquid crystal display employ-
ing the capacitive coupling HT method;

[0026] FIGS. 6A and 6B illustrate the principle of a
driving HT method employed in a liquid crystal display in
the first

MODE FOR CARRYING OUT THE INVENTION

[0027] FIGS. 7A and 7B illustrate the principle of the
driving HT method employed in a liquid crystal display in
the first mode for carrying out the invention;

[0028] FIG. 8 shows a relationship between driving con-
ditions of the driving HT method and the occurrence of
flickers in the liquid crystal display in the first mode for
carrying out the invention;

[0029] FIGS. 9A and 9B show examples of setting of the
driving frequency of each of high-luminance frames T1 and
low-luminance frames T2 when the driving frequency of one
set of frames T is fixed according to the driving HT method
employed in the liquid crystal display in the first mode for
carrying out the invention;

[0030] FIGS. 10A and 10B show results of a visual check
on states of display of the liquid crystal display in the first
mode for carrying out the invention according to the driving
HT method;

[0031] FIGS. 11A and 11B illustrate the driving HT
method which makes it possible to suppress flickers in the
liquid crystal display in the first mode for carrying out the
invention;
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[0032] FIGS. 12A and 12B show results of visual evalu-
ation on influence of granularity appearing on the liquid
crystal display in the first mode for carrying out the inven-
tion when the driving HT method is used;

[0033] FIG. 13 is a graph showing viewing angle charac-
teristics of liquid crystal displays in the first mode for
carrying out the invention employing the driving HT
method,;

[0034] FIG. 14 is a gradation conversion table used for the
liquid crystal display in the first mode for carrying out the
invention;

[0035] FIGS. 15A and 15B show a structure of one pixel
of the liquid crystal display in the first mode for carrying out
the invention;

[0036] FIG. 16 shows viewing angle characteristics of
Embodiment 1 of the liquid crystal display in the first mode
of carrying out the invention;

[0037] FIG. 17 shows viewing angle characteristics of
Embodiment 2 of the liquid crystal display in the first mode
of carrying out the invention;

[0038] FIG. 18 shows a structure of a pixel group PGin of
a liquid crystal display in a second mode for carrying out the
invention;

[0039] FIG. 19 shows viewing angle characteristics of the
liquid crystal display in the second mode for carrying out the
invention;

[0040] FIG. 20 shows an equivalent circuit of a pixel
group 39 in a liquid crystal display in a third mode for
carrying out the invention;

[0041] FIG. 21 shows viewing angle characteristics of the
liquid crystal display in the third mode for carrying out the
invention,;

[0042] FIGS. 22A and 22B show configurations of a
vertically aligned liquid crystal display according to the
related art;

[0043] FIGS. 23A, 23B and 23C schematically show
sectional configurations of a vertically aligned liquid crystal
display according to the related art employing a domain
division technique;

[0044] FIG. 24 shows T-V characteristics of a vertically
aligned liquid crystal display according to the related art;

[0045] FIGS. 25A and 25B show a difference between
views of an image displayed on a display screen; and

[0046] FIGS. 26A, 26B, and 26C show gradation histo-
grams of red, green, and blue in a reddish image.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[First Mode for Carrying Out the Invention]

[0047] A liquid crystal display in a first mode for carrying
out the invention will now be described with reference to
FIGS. 1 to 17. First, a schematic configuration of the liquid
crystal display in the present mode for carrying out the
invention will be described with reference to FIG. 1. FIG. 1
shows a schematic configuration of the liquid crystal display
in the present mode for carrying out the invention. As shown
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in FIG. 1, the liquid crystal display includes a TFT substrate
2 having gate bus lines and drain bus lines formed across
each other with an insulation film interposed between them
and a TFT formed at each pixel. A pixel has first and second
sub-pixels which are separate from each other. Therefore,
the liquid crystal display can be driven using the halftone
grayscale method (capacitive coupling HT method) which
relies on capacitive coupling to be described later. The liquid
crystal display also includes an opposite substrate 4 which is
formed with color filters and a common electrode and a
liquid crystal layer 6 (not shown in FIG. 1) which is sealed
between the substrates 2 and 4 and which has, for example,
negative dielectric constant anisotropy.

[0048] The TFT substrate 2 is connected to a gate bus line
driving circuit 80 loaded with a driver IC for driving a
plurality of gate bus lines and a drain bus line driving circuit
82 loaded with a driver IC for driving a plurality of drain bus
lines. The driving circuits 80 and 82 output scan signals and
data signals to predetermined gate bus lines and drain bus
lines based on predetermined signals output by a control
circuit 84.

[0049] The control circuit 84 incorporates an image pro-
cessing unit 81 which performs a driving halftone grayscale
process (driving HT process) to be described later. It is not
essential that the image processing unit 81 is a circuit
incorporated in the control circuit 84, and it may be a
component separate from the control circuit 84. Further, it is
not essential that the image processing unit 81 is a physical
circuit, and it may be a program executed in the control
circuit 84. A storage circuit 83 for storing a gradation
conversion table to be used for the driving HT method is
connected to the driving circuit 84. The storage circuit 83
may be incorporated in the control circuit 84.

[0050] A polarizer 87 is provided on a surface of the TFT
substrate 2 opposite to the surface thereof on which the TFT
elements are formed, and a polarizer 86 is provided on a
surface of the opposite substrate 4 opposite to the surface
thereof on which the common electrode is formed, the
polarizer 86 being in a crossed Nicols relationship with the
polarizer 87. A backlight unit 88 is provided on a surface of
the polarizer 87 opposite to the surface thereof on the side
of the TFT substrate 2.

[0051] The capacitive coupling HT method will now be
described with reference to FIGS. 2 to 5. The capacitive
coupling HT method is a technique for improving viewing
angle characteristics as described above. Patent Documents
1 to 3 disclose capacitive coupling HT processes to be
implemented in a TN type liquid crystal display. FIG. 2
shows a configuration of one pixel of a fundamental liquid
crystal display based on such known techniques. FIG. 3
shows a configuration of a section of the liquid crystal
display along the line X-X in FIG. 2. FIG. 4 shows an
equivalent circuit of one pixel of the liquid crystal display.
As shown in FIGS. 2 to 4, the liquid crystal display has a thin
film transistor (TFT) substrate 2, an opposite substrate 4, and
a liquid crystal layer 6 sealed between the substrates 2 and
4.

[0052] The TFT substrate 2 has a plurality of gate bus lines
12 formed on a glass substrate 10 and a plurality of drain bus
lines 14 formed across the gate bus lines 12 with an
insulation film 30 interposed between them. TFTs 20 are
provided in the vicinity of intersections between the gate bus
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lines 12 and the drain bus lines 14, one TFT being formed
at each pixel as a switching element. A part of a gate bus line
12 serves as a gate electrode of a TFT 20, and a drain
electrode (D) of the TFT 20 is electrically connected to a
drain bus line 14. Storage capacitor bus lines 18 are formed
across pixel regions defined by the gate bus lines 12 and the
drain bus lines 14 so as to extend in parallel with the gate bus
lines 12. A storage capacitor electrode (intermediate elec-
trode) 19 is formed above the storage capacitor bus line 18
at each pixel with an insulation film 30 interposed between
them. The storage capacitor electrode 19 is electrically
connected to a source electrode (S) of the TFT 20 through
a control electrode 25. A storage capacitor Cs is formed by
the storage capacitor bus line 18, the storage capacitor
electrode 19, and the insulation film 30 sandwiched between
them.

[0053] A pixel region defined by gate bus lines 12 and
drain bus lines 14 is divided into a sub-pixel (first sub-pixel)
A and a sub-pixel (second sub-pixel) B. A pixel electrode
(first pixel electrode) 16 is formed at the sub-pixel A, and a
pixel electrode (second pixel electrode) 17, which is separate
from the pixel electrode 16, is formed at the sub-pixel B. The
pixel electrode 16 is electrically connected to the storage
capacitor electrode 19 and the source electrode (S) of the
TFT 20 though a contact hole 24. The pixel electrode 17 has
an area which overlaps the control electrode 25 with a
protective film 32 interposed between them. In the same
area, a control capacitance Cc is formed by the pixel
electrode 17, the control electrode 25, and the protective film
32 sandwiched by the electrodes 17 and 25. The pixel
electrode 17 is indirectly connected to the source electrode
(S) by capacitive coupling through the control capacitance
Cc. The pixel electrode 17 is in an electrical floating state.

[0054] The opposite substrate 4 has a color filter (CF)
resin layer 40 formed on a glass substrate 11 and a common
electrode 42 formed on the CF resin layer 40. A liquid crystal
capacitance Clcl is formed between the pixel electrode 16 of
the sub-pixel A and the common electrode 42. A liquid
crystal capacitance Clc2 is formed between the pixel elec-
trode 17 of the sub-pixel B and the common electrode 42.
The liquid crystal capacitance Clc2 and the control capaci-
tance Cc are connected in series between the substrates 2 and
4. Alignment films 36 and 37 are formed at the interfaces
between the TFT substrate 2 and the liquid crystal layer 6
and between the opposite substrate 4 and the layer 6,
respectively.

[0055] Let us now assume that when a TFT 20 is turned
on, a gradation voltage (a voltage associated with a grada-
tion value in input image data) applied to the drain bus line
14 is applied to the pixel electrode 16 through the TFT 20
to apply a voltage Vpx1 to the liquid crystal layer 6 at the
sub-pixel A. At this time, since the voltage Vpx1 is divided
according to the capacitance ratio between the liquid crystal
capacitance Clc2 and the control capacitance Cc, the pixel
electrode 17 of the sub-pixel B is applied with a voltage
different from that applied to the pixel electrode 16. A
voltage Vpx2 applied to the liquid crystal layer 6 at the
sub-pixel B is as follows.

Vpx2=(Cc/(Cle2+Cc))x Vpx1 Equation 1
An actual ratio of the voltages (Vpx2/Vpx1 (=Cc/Clc2+Cc))
is an item to be designed based on display characteristics of
the liquid crystal display of interest, and it is idealistically
set in the range from 0.6 to 0.8.
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[0056] When one pixel includes the sub-pixels A and B in
which liquid crystal molecules in the liquid crystal layer 6
begin tilting at different voltages (threshold voltages) in
response to the gradation voltage applied to the drain bus
line 14 as thus described, a distortion in T-V characteristics
as shown in FIG. 24 is distributed between the sub-pixels A
and B. Thus, the capacitive coupling HT method makes it
possible to suppress the phenomenon of whitish appearance
of an image when viewed in an oblique direction and to
thereby improve viewing angle characteristics. What is
required for the capacitive coupling HT method is that
sub-pixels having different threshold voltages are present in
one pixel, and the method of providing different threshold
voltages is not limited to capacitive coupling. For example,
different threshold voltages may be provided by forming a
dielectric body on the pixel electrode or changing the
alignment or anchoring of liquid crystal molecules.

[0057] FIG. 5 is a graph showing viewing angle charac-
teristics of VA type liquid crystal displays employing the
capacitive coupling HT method. The abscissa axis represents
gradations of image data to be displayed, and the ordinate
axis represents y-values. Referring now to optical charac-
teristics of the display measured at a predetermined angle to
a direction normal to the display screen, a y-value is calcu-
lated as follows:

y={log(Tu)-log(Th)}{log(a)-log(b)}

where T represents the maximum luminance; ta represents
luminance based on a gradation value a at a predetermined
angle of the same direction; tb represents luminance based
on a gradation value b (a and b are different values); and Ta
and Tb represent the ratios of the luminance ta and the
luminance tb to the maximum luminance T, respectively.

[0058] The curve connecting black circles in the figure
indicates characteristics in a direction square to the liquid
crystal display employing the capacitive coupling HT
method. The curve connecting squares in the figure indicates
characteristics measured in a direction oblique to a liquid
crystal display designed such that the ratio between the areas
of a sub-pixel A and a sub-pixel B is 1:9 and such that a
voltage ratio Vpx2/Vpx1 at an intermediate gradation (gra-
dation level 127 among 255 gradations) is 0.72. The curve
connecting triangles in the figure indicates characteristics
measured in a direction oblique to a liquid crystal display
designed such that the area ratio between a sub-pixel A and
a sub-pixel B is 2:8 and such that the voltage ratio Vpx2/
Vpx1 at the intermediate gradation (gradation level 127
among 255 gradations) is 0.67. The curve connecting
crosses in the figure indicates characteristics measured in a
direction oblique to a liquid crystal display designed such
that the ratio between the areas of a sub-pixel A and a
sub-pixel B is 4:6 and such that the voltage ratio Vpx2/Vpx1
at the intermediate gradation (gradation level 127 among
255 gradations) is 0.67. The curve shown in a broken line in
the figure indicates characteristics of a VA type liquid crystal
display according to the related art measured in a direction
oblique to the same.

[0059] The viewing angle characteristics in the oblique
direction in FIG. 5 are local y-values at each gradation
measured with the y-value in the square direction set at 2.4.
As indicated by Expression 2, a y-value is greater, the greater
the difference between the luminance ta and tb associated
with the two relevant gradation values a and b. It is therefore

Expression 2
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possible to suppress variation of a color on a display screen
attributable to a reduction in a difference in luminance if
y-values in oblique directions can be made relatively great.
A liquid crystal display has idealistic viewing angle char-
acteristics when the y-value remains the same value as in the
square direction, i.e., 2.4 for all gradations (at levels 0 to
255). As indicated by the broken line in the figure, in the case
of the liquid crystal display which does not employ the
capacitive coupling HT method, the y-value is as low as 1 or
less for a relative wide range of gradations, i.e., gradation
levels 0 to 192, and viewing angle characteristics in an
oblique direction are not satisfactory.

[0060] As indicated by the curves connecting square sym-
bols, triangular symbols, and crosses respectively the figure,
the liquid crystal displays employing the capacitive coupling
HT method have significantly improved viewing angle char-
acteristics and a maximum y-value of 1.5 or more within the
range of gradation levels from 0 to 224. For the purpose of
improving viewing angle characteristics, it is idealistic to set
the y-value as closer to 2.4 as possible. However, when an
image having a y-value of 2.4 and an image having a y-value
of 1.5 are compared to each other, there is no significant
difference in the state of display between those images. For
this reason, the present specification is based on an assump-
tion that y=1.5 is to be satisfied as a target value for an
improvement of viewing angle characteristics.

[0061] Referring to FIG. 5, the range of gradations over
which viewing angle characteristics are improved by the
capacitive coupling HT method varies depending on the
ratio between the areas of the sub-pixel A and the sub-pixel
B. When the area of the sub-pixel B that is driven by
capacitive coupling is made smaller, viewing angle charac-
teristics are improved for gradations of greater values. For
this reason, when images having relatively low gradations
such as an image of black hair or flesh are frequently
displayed, optimization may be performed by reducing the
ratio of the area of the sub-pixel B to improve the viewing
angle characteristics of the liquid crystal display. When
images having relatively high gradations such as an image of
human skin or white cloth are frequently displayed, optimi-
zation may be performed by increasing the ratio of the area
of the sub-pixel B to improve the viewing angle charactet-
istics of the liquid crystal display.

[0062] However, the improvement of viewing angle char-
acteristics is achieved only in a relatively small range of
gradations, i.e., about 30 to 40 gradations. Therefore, it is
difficult to improve viewing angle characteristics in a rela-
tively wide range of gradations reliably even when the
capacitive coupling HT method is used.

[0063] Another known method of improving viewing
angle characteristics is the driving HT method. The driving
HT method will now be described with reference to FIGS.
6A to 13. The driving HT method is an image processing
method involving the use of a combination of high-lumi-
nance frames in which pixels are driven to luminance higher
than predetermined luminance associated with gradation
values of input image data and low-luminance frames in
which pixels are driven to luminance lower than the prede-
termined luminance. The values of luminance (hereinafter
referred to as high luminance) of the pixels in the high-
luminance frames and the luminance (hereinafter referred to
as low luminance) of the pixels in the low-luminance frames
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and the ratio of presence between the high-luminance frames
and the low-luminance frames are determined to achieve
luminance substantially equal to the predetermined lumi-
nance. The predetermined luminance is luminance which is
achieved when the driving HT method is not used.

[0064] FIGS. 6A, 6B, 7A and 7B illustrate the principle of
the driving HT method. FIGS. 6A and 7A show the ratio of
presence between high-luminance frames and low-lumi-
nance frames. The abscissa axes of the figures represent
time, and the ordinate axes represent the luminance of each
frame. FIGS. 6B and 7B schematically show a display
screen driven using the driving HT method. For a certain
single pixel, there is provided high-luminance frames T1
having luminance higher than predetermined luminance A
associated with gradation values of input image data and
low-luminance frames T2 having luminance lower than the
same. The high-luminance frames T1 have high luminance
B (high luminance B>luminance A), and the low-luminance
frames T2 have low Iuminance C (low luminance
C<luminance A). The high luminance B and the low lumi-
nance C are set such that average luminance provided by a
combination of the high-luminance frames T1 and the low-
luminance frames T2 will equal the predetermined lumi-
nance A.

[0065] FIGS. 6A and 6B show an example in which the
high-luminance frames T1 and low-luminance frames T2 are
provided in a ratio of presence of 1:3 on a temporal basis. As
shown in FIG. 6A, one high-luminance frame T1 is followed
by three consecutive low-luminance frames T2. One high-
luminance frame T1 and three low-luminance frames T2 as
thus described constitute one set of frames T, and the frame
set T is repeated in time sequence. For example, when a
display screen as a whole is driven under such conditions, as
shown in FIG. 6B, display screens t1 driven by the high-
luminance frames T1 and display screens 2 driven by the
low-luminance frames T2 are mixed and averaged in the
direction of the time base and are consequently perceived as
a display screen t having luminance substantially equal to
the predetermined luminance A.

[0066] FIGS. 7A and 7B show an example in which the
high-luminance frames T1 and low-luminance frames T2 are
provided in a ratio of presence of 1:1 on a temporal basis. In
this example, one high-luminance frame T1 and one low-
luminance frame T2 constitute one set of frames T, and the
frame set T is repeated in time sequence. For example, when
a display screen as a whole is driven under such conditions,
as shown in FIG. 7B, display screens t1 driven by the
high-luminance frames T1 and display screens t2 driven by
the low-luminance frames T2 are mixed and averaged in the
direction of the time base and are consequently perceived as
a display screen t having luminance substantially equal to
the predetermined luminance A.

[0067] According to the driving HT method, intermediate
gradations which are most vulnerable in terms of viewing
angle characteristics are less frequently displayed, which
results in an improvement in overall viewing angle charac-
teristics. In this case, flickers are visually perceived on a
screen as a whole when the entire screen or all pixels are
simultaneously rendered with the high luminance or low
luminance (or made bright or dark) as shown in FIGS. 6B
and 7B.

[0068] FIG. 8 shows the presence or absence of flickers
observed while varying the frame ratio between the high-



US 2007/0013633 A1l

luminance frames T1 and the low-luminance frames T2
(T1:T2) and the driving frequency of one frame set T.
Referring to the circles and crosses in the table, the circles
indicate that no flicker is visually perceived, and the crosses
indicate that flickers are visually perceived. When a differ-
ence between high and low luminance is generated by
repeatedly displaying frames that render the entire screen
with high luminance and frames that render the screen with
low luminance as descried above, such a difference will be
perceived by human eyes as a flicker. Such flickers can be
mitigated by increasing the frequency thereof. In particular,
it is known that flicker components are visually unperceiv-
able at a frequency of 60 Hz or more.

[0069] Therefore, as shown in FIG. 8, the frame ratio
(T1:T2)is set at 1:1, and the driving frequency for one frame
set T is increased to 120 Hz which is twice the driving
frequency for one frame (60 Hz) of an ordinary liquid crystal
display. As a result, the high-luminance frames T1 are
display at a frequency of 60 Hz (=120 Hz/2). Similarly, the
low-luminance frames T2 are display at a frequency of 60
Hz (=120 Hz/2). Flickers will therefore become less visually
perceivable. However, when the frame ratio (T1:T2) is set at
1:2, the high-luminance frames T1 are displayed at a fre-
quency of 40 Hz (=120 Hz/3), for example, when the driving
frequency for one frame set T is 120 Hz. Since the frequency
1s thus substantially decreased, flickers cannot be sufficiently
suppressed.

[0070] Similarly, when the frame ratio (T1:T2) is set at
1:3, the high-luminance frames T1 are displayed at a fre-
quency of 30 Hz (=120 Hz/4), for example, when the driving
frequency for one frame set T is 120 Hz, and flickers cannot
be sufficiently suppressed. The high-luminance frames T1
and the low-luminance frames T2 must be driven at a higher
frequency, the greater the difference between the display
periods of the frames. It is quite difficult to set the driving
frequency for one frame set T at a value that is three times
or more of the driving frequency of one frame of the liquid
crystal display because loads on peripheral driving circuits
(the control circuit 84, the gate driver IC, and the source
driver IC) will increase, although the difficulty is related to
the resolution of the display screen.

[0071] This problem can be solved by a method in which
the driving frequency of one frame set T is fixed and in
which each of the frames T1 and T2 is driven at different
frequencies. FIGS. 9A and 9B show examples of setting of
the driving frequency of each of the frames T1 and T2 when
the driving frequency of one frame set T is fixed at 120 Hz.
FIG. 9A shows an example of setting in which the frame
ratio (T1:T2) is 1:1, and FIG. 9B shows an example in which
the frame ratio (T1:T2) is 1:3. The abscissa axes in the
figures represent time, and the ordinate axes represent lumi-
nance.

[0072] As shown in FIGS. 9A and 9B, when the driving
frequency of one frame set T is fixed at 120 Hz, the
frequency of display of a high-luminance frame T1 or
low-luminance frame T2 is remains at the same value of 60
Hz even if the driving frequency each of the frames T1 and
T2 is changed. It is therefore possible to suppress the
generation of flickers on the display screen.

[0073] FIGS. 10A and 10B show results of a visual check
on states of display according to the driving HT method.
FIG. 10A shows results of a visual check on whether flickers
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are generated or not. FIG. 10B shows results of a visual
check on the effect of improving viewing angle character-
istics. Referring to the circles and crosses in the FIG. 104,
a circle indicates that no flicker is visually perceived, and a
cross indicates that flickers are visually perceived. Referring
to the circles, triangles and crosses in FIG. 10B, a circle
indicates that viewing angle characteristics are improved; a
triangle indicates that the characteristics are improved to a
level at which no problem occurs in practical use; and a
cross indicates that there is no improvement. As shown in
FIG. 10A, the frequency of display of a high-luminance
frame T1 or low-luminance frame T2 is 60 Hz or higher
when the driving frequency of one frame set T is fixed at 120
Hz or higher. Therefore, there is no flicker when the frame
ratio (T1:T2) is set at any of 1:1, 1:2, and [:3.

[0074] However, since it becomes difficult for the
response speed of the liquid crystal to catch up with the
driving frequency of one frame set T as the frequency
increases (as the frame period becomes shorter), the effect of
improving viewing angle characteristics is gradually lost as
shown in FIG. 10B. If the response speed of liquid crystals
is increased in the future, an improvement of gradation/
luminance characteristics may be achieved event at higher
driving frequencies. However, even if the response speed of
liquid crystals is increased, it is still true that the prevention
of flickers and the improvement of viewing angle charac-
teristics can be more easily achieved, the closer the frame
ratio (T1:T2) to 1:1.

[0075] The optimum condition for achieving both of the
prevention of flickers and the effect of improving viewing
angle characteristics at the response speed of existing liquid
crystals is the condition that the frame ratio (T1:T2) is 1:1
and that the frequency of one frame set T is 120 Hz under
which a circle is marked on both of FIGS. 10A and 10B.

[0076] FIGS. 11A and 11B schematically show a prede-
termined group of pixels in a display area of a liquid crystal
display to explain the driving HT method which makes it
possible to suppress flickers. Specifically, sixteen pixels in
the form of a 4x4 matrix is treated as one unit to show
examples of setting for rendering each pixel light and dark.
In FIG. 11A, the sixteen pixels in each frame are divided into
light and dark pixels in a ratio of 1:3 such that edges of
pixels having high luminance do not adjoin each other. In
FIG. 11B, the sixteen pixels in each frame are divided into
light and dark pixels in a ratio of 1:1 such that edges of
pixels having high luminance do not adjoin each other.
Further, the luminance of each pixel changes at an interval
of a predetermined number of frames. For example, the
luminance of each pixel in FIG. 11A is set to change in each
frame such that it is cyclically rendered light and dark in a
ratio of 1:3. Referring to a pixel P in this connection by way
of example, the pixel P changes such that it will be light,
dark, dark, and dark in the first to fourth frames, respec-
tively.

[0077] 1In FIG. 11B, the luminance of each pixel is set to
change in each frame such that it is cyclically rendered light
and dark in a ratio of 1:1. Referring to the pixel P in this
connection by way of example, the pixel P changes such that
it will be light, dark, light, and dark in the first to fourth
frames, respectively. By distributing light and dark spots in
the display area based on a predetermined pattern as thus
described, display can be performed without visually per-
ceivable flickers.



US 2007/0013633 A1l

[0078] FIGS. 12A and 12B show results of visual evalu-
ation on influence of granularity that is generated on a
display screen when the driving HT method shown in FIGS.
11A and 11B is used. FIG. 12A shows results of a visual
check on a liquid crystal display having pixels provided at
a pixel pitch of 0.3 mm. FIG. 12B shows results of a visual
check on a liquid crystal display having pixels provided at
a pixel pitch of 0.45 mm. The term “HT divisional lumi-
nance ratio” shown in FIGS. 12A and 12B represents the
ratio of presence between high luminance and low lumi-
nance in the display screens. The driving frequency of one
frame set T is 60 Hz. Referring to the double circles, circles,
and crosses in FIGS. 12A and 12B, a double circle indicates
that no granularity is perceived at all; a circle indicates that
slight granularity is perceived, but it creates no problem in
practical use; and a cross indicates that granularity is pet-
ceived to an uncomfortable level.

[0079] When the same image is displayed for a certain
period of time just as in the case of display of a still image,
the problem of granularity does not occur because the
luminance of the image is averaged. According to the
driving HT method, however, since both of light pixels and
dark pixels instantaneously exist, a user perceives granulat-
ity when the image moves just as in the case of display of
amotion picture or when the point of view moves. As shown
on FIGS. 12A and 12B, granularity becomes more perceiv-
able, the greater the ratio of pixels having low luminance in
the display area. Further, granularity becomes more perceiv-
able, the smaller the distance of the user to the display
screen. When a user is close to a liquid crystal display in a
state of the 60 Hz of the cycle of light and dark (one frame
set T), the user is highly likely to feel granularity uncom-
fortable when the ratio of presence between high luminance
and low luminance in one screen is other than 1:1. Accord-
ing to the driving HT method, although the ratio of presence
between high luminance and low luminance in one screen
may be set at a value other than 1:1, it is desirable to set the
ratio of presence between high and low luminance at 1:1 in
order to achieve high display quality.

[0080] Optimum conditions as follows must be satisfied to
implement the driving HT method in order to achieve the
effect of improving viewing angle characteristics, to main-
tain high image quality without flickers or granularity, and
not to put loads on peripheral driving circuits as described
above.

[0081] The frame ratio (T1:T2) of high-luminance frames
and low-luminance frames is to be 1:1. The ratio of presence
between high luminance and low luminance in one screen is
to be 1:1. The driving frequency is to be 60 Hz. Those
conditions will be hereinafter referred to as driving HT
optimum conditions.

[0082] FIG. 13 is a graph showing viewing angle charac-
teristics of VA type liquid crystal displays under the driving
HT optimum conditions. The abscissa axis represents gra-
dations of image data to be displayed, and the ordinate axis
represents y-values. The curve connecting black rhombuses
in the figure indicates characteristics in a direction square to
the liquid crystal display employing the driving HT method.
The curve connecting triangles in the figure indicates char-
acteristics measured in a direction oblique to the liquid
crystal display employing the driving HT method. The curve
shown in a broken line in the figure indicates characteristics

Jan. 18, 2007

of a VA type liquid crystal display according to the related
art measured in a direction oblique to the same. The viewing
angle characteristics in the oblique direction in FIG. 13 are
local y-values at each gradation measured with the y-value in
the square direction set at 2.4.

[0083] As shown in FIG. 13, the use of the driving HT
optimum conditions allows an improvement in viewing
angle characteristics of intermediate and high gradations
(gradation levels from about 130 to 255). However, under
the driving HT optimum conditions, the effect of improving
viewing angle characteristics is not achieved for an image of
low gradations (gradation level 100 and lower gradations).
Although viewing angle characteristics of low gradations
can be improved by setting a frame ratio (T1:T2) other than
1:1, flickers or granularity is generated. It is therefore
difficult to achieve both of the effect of improving viewing
angle characteristics and high image quality over a wide
range of gradations using the driving HT method.

[0084] Under the circumstance, in a liquid crystal display
in the present mode for carrying out the invention, the liquid
crystal is driven using the capacitive coupling HT method
and the driving HT method in combination to achieve both
of the effect of improving viewing angle characteristics and
high image quality. The driving conditions of the driving HT
method are limited by the speed of response of a liquid
crystal and restrictions originating from peripheral driving
circuits. Under the circumstance, in the present mode for
carrying out the invention, the driving conditions of the
driving HT method are first decided, and the capacitive
coupling HT method is optimized accordingly.

[0085] The mode of the invention will now be specifically
described with reference to preferred embodiments.

Embodiment 1

[0086] In a liquid crystal of the present embodiment, the
driving HT optimum conditions are used as the driving
conditions of the driving HT method. FIG. 14 is a gradation
conversion table showing high-luminance gradation values
for obtaining high luminance in high-luminance frames and
low-luminance gradation values for obtaining low lumi-
nance in low-luminance frames. The abscissa axis represents
input gradations. The vertical axis on the left represents
output gradations (converted gradations), and the vertical
axis on the right represents luminance normalized with
reference to the maxinum luminance. The curve A connect-
ing black thombuses in the figure indicates low-luminance
gradations, and the curve B connecting black squares indi-
cates high-luminance gradation values. The curve C con-
necting crosses in the figure indicates normal luminance
(predetermined luminance), and the curve D connecting
circles in the figure indicates luminance after image pro-
cessing according to the driving HT method (luminance
after the HT process).

[0087] As shown in FIG. 14, for example, in the case of an
input gradation level 128 among 255 gradations, a low-
luminance frame is converted into gradation level 10 among
255 gradations according to the curve A, and a high-
luminance frame is converted into gradation level 245
among 255 gradations according to the curve B. The ratio of
the periods of those frames is 1:1, and luminance after the
conversion actually displayed on the liquid crystal display is
composite luminance of those frames, the resultant lumi-
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nance (curve D) being about 38% of the maximum lumi-
nance. As apparent from the fact that the normal luminance
(curve C) and the luminance after the HT process (curve D)
indicate substantially the same characteristics, the lumi-
nance in the square direction is maintained at the level of the
luminance of an image obtained without using the driving
HT method even after the conversion. The gradation con-
version table is merely shown as an example. The only
restriction on the gradation conversion is that the luminance
in the square direction should remain unchanged after the
gradation conversion, and a gradation conversion table other
than the table described above may be used as long as the
restriction is followed.

[0088] The gradation conversion table is stored in a stor-
age circuit 83 (see FIG. 1) and is read into a RAM (not
shown) in an image processing unit 81 when the power
supply of the liquid crystal display is turned on.

[0089] FIGS. 15A and 15B show a configuration of one
pixel of the liquid crystal display of the present embodiment.
FIG. 15A shows a configuration of one of a plurality of
pixels formed like a matrix as viewed in a direction normal
to a glass substrate 10. FIG. 15B is a view of a section taken
along the line X-X shown in FIG. 15A. As shown in FIGS.
15A and 15B, a plurality of gate bus lines 12 and a plurality
of drain bus lines 14 extending across the gate bus lines 12
are formed on the glass substrate 10 with an insulation film
30 interposed between the bus lines. A TFT 20 is provided
at each pixel in the vicinity of an intersection between a gate
bus line 12 and a drain bus line 14. A part of the gate bus line
12 serves as a gate electrode (G) of the TFT 20. An active
semiconductor layer and a channel protective film (both of
which are not shown) of the TFT 20 are formed above the
gate bus line 12 with an insulation film interposed. A drain
electrode (D) along with an n-type impurity semiconductor
layer (not shown) underlying the same and a source elec-
trode (S) along with an n-type impurity semiconductor layer
(not shown) underlying the same are formed on the channel
protection film of the TFT 20 above the gate electrode (G),
the electrodes facing each other with a predetermined gap
left between them.

[0090] Storage capacitor bus lines 18 are formed across
pixel regions defined by the gate bus lines 12 and the drain
bus lines 14 so as to extend in parallel with the gate bus lines
12. A storage capacitor electrode (intermediate electrode) 19
is formed above the storage capacitor bus line 18 at each
pixel with an insulation film 30 interposed between them.
The storage capacitor electrode 19 is electrically connected
to the source electrode (S) of the TFT 20 through a control
electrode 25. A storage capacitor Cs is formed by the storage
capacitor bus line 18, the storage capacitor electrode 19, and
the insulation film 30 sandwiched between them.

[0091] A pixel region defined by gate bus lines 12 and
drain bus lines 14 is divided into a sub-pixel (first sub-pixel)
A and a sub-pixel (second sub-pixel) B. The ratio (A:B)
between the areas of the sub-pixel A and the sub-pixel B is
3:7. For example, the sub-pixel A, which has a trapezoidal
shape, is disposed on the left side of a central part of the
pixel region, and the sub-pixel B is disposed in upper and
lower parts of the pixel region and at the right end of the
central part excluding the region of the sub-pixel A. For
example, the disposition of the sub-pixels A and B in the
pixel region is substantially line symmetric about the storage
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capacitor bus line 18. A pixel electrode (first pixel electrode)
16 is formed at the sub-pixel A, and a pixel electrode (second
pixel electrode) 17, which is separated from the pixel
electrode 16 by a slit 46, is formed at the sub-pixel B. The
pixel electrodes 16 and 17 are both constituted by a trans-
parent conductive film such as an ITO. The pixel electrode
16 is electrically connected to the storage capacitor electrode
19 and the source electrode (S) of the TFT 20 though a
contact hole 24 that is an opening in a protective film 32. The
pixel electrode 17 has an area which overlaps the control
electrode 25 with the protective film 32 interposed between
them. In the same area, a control capacitance Cc (predeter-
mined electric capacitance) is formed by the pixel electrode
17, the control electrode 25, and the protective film 32
sandwiched by the electrodes 17 and 25. The pixel electrode
17 is in an electrical floating state.

[0092] ACEF resin layer 40 and a common electrode 42 are
formed in the order listed on an opposite glass substrate 11
provided opposite to the glass substrate 10. A linear protru-
sion 44a serving as an alignment regulating structure for
regulating the direction of alignment of liquid crystal mol-
ecules of a liquid crystal layer 6 is formed so as to protrude
from the opposite glass substrate 11 in a position in which
it faces the control electrode 25 extending diagonally in FIG.
15A. A linear protrusion 444 is formed so as to protrude
from the opposite glass substrate 11 in a position in which
it is substantially line symmetric with the protrusion 44a
about the storage capacitor bus line 18. Further, a V-shaped
linear protrusion 44¢ is formed above the pixel electrode 16
on the left side of the central part of the pixel region. The
linear protrusion 44¢ is substantially line symmetric about
the storage capacitor bus line 18.

[0093] At the sub-pixel A, a liquid crystal capacitance
Clel is formed between the pixel electrode 16, the common
electrode 42, and the liquid crystal layer 6 sandwiched
between the electrodes 16 and 42. At the sub-pixel B, a
liquid crystal capacitance Clc2 is formed between the pixel
electrode 17, the common electrode 42, and the liquid
crystal layer 6 sandwiched between the electrodes 17 and 42.
The liquid crystal capacitance Clc2 is series-connected to
the control capacitance Cc between the glass substrate 10
and the opposite glass substrate 11.

[0094] Avoltage Vpx2 applied to the liquid crystal capaci-
tance Clc2 at the sub-pixel B when the TFT 20 is turned on
is obtained from Expression 1. In the present embodiment,
a voltage ratio Vpx2/Vpx1 of the voltage Vpx2 applied to
the liquid crystal capacitance Clc2 at the sub-pixel B to a
voltage Vpx1 applied to the liquid crystal capacitance Clcl
at the sub-pixel A is set such that it will be 0.72 at an
intermediate gradation (gradation level 127).

[0095] A gradation voltage (a voltage associated with a
gradation value in input image data or a gradation value after
conversion of gradation) applied to the drain bus line 14 is
applied to the liquid crystal capacitance Clcl at the sub-pixel
A. As a result, luminance substantially equal to high lumi-
nance in a high-luminance frame or low luminance in a
low-luminance frame is obtained at the sub-pixel A. A
voltage lower than the gradation voltage applied to the drain
bus line 14 is applied to the liquid crystal capacitance Clc2
at the sub-pixel B as indicated by Expression 1. As a result,
luminance lower than the high luminance in a high-lumi-
nance frame or the low luminance in a low-luminance frame
is obtained at the sub-pixel B.
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[0096] FIG. 16 is a graph showing viewing angle charac-
teristics of VA type liquid crystal displays. The abscissa axis
represents gradations of image data to be displayed, and the
ordinate axis represents y-values. The curve connecting
black rhombic symbols in the figure indicates characteristics
of the liquid crystal display of the present embodiment
obtained in a direction square to the same. The curve
connecting triangular symbols in the figure indicates char-
acteristics of a liquid crystal display in a direction oblique to
the same obtained by driving it using only the capacitive
coupling HT method without using the driving HT method.
The curve connecting black squares in the figure indicates
characteristics of a VA type liquid crystal display according
to the related art in a direction oblique to the same obtained
by driving it under the optimum HT driving conditions. The
curve connecting circles in the figure indicates characteris-
tics of the liquid crystal display of the present embodiment
in a direction oblique to the same. The curve shown in a
broken line in the figure indicates characteristics of a VA
type liquid crystal display according to the related art
employing neither the capacitive coupling HT method nor
the driving HT method obtained in a direction oblique to the
same. In FIG. 16, the viewing angle characteristics of each
display in the oblique direction are measured with the
y-value for gradations of level 96 and higher in the square
direction set at 2.4, and the characteristics represent local
y-values of each gradation.

[0097] As shown in FIG. 16, the y-value of the VA type
liquid crystal display according to the related art indicated
by a broken line is 1.0 or less in a major range of gradations
(gradations of level 200 and lower). As a result, sharpness of
an image will be lost. Referring to the characteristics of the
liquid crystal display employing only the capacitive cou-
pling HT method (indicated by black triangles), the peak of
the improvement in characteristics resides in the vicinity of
gradation level 110 among 255 gradations, and the y-value
is 1.5 or more in a local range of gradation levels from about
100 to 120. Further, the y-value is about 1.0 in other ranges
of gradations, which means an improvement in the viewing
angle characteristics.

[0098] Referring to the characteristics of the VA type
liquid crystal display according to the related art obtained in
a direction oblique thereto by driving the same it under the
optimum HT driving conditions (indicated by black
squares), the display has a y-value of about 1.5 for grada-
tions of level 140 and higher among the 255 gradations,
which means an improvement in the characteristics of
intermediate and high gradations. However, the y-value is
about 1.0 for low gradations, i.e., gradations of level 128 and
lower among the 255 gradations. Referring to the charac-
teristics of the liquid crystal display driven by using the
capacitive coupling HT method and the driving HT method
in combination (indicated by circles), it will be understood
that the y-value exceeds 1.5 in a quite wide range of
gradation levels, i.e., from 64 to 192 among the 255 grada-
tions. Such an improvement in characteristics is attributable
to the fact that the region of low gradations is improved
primarily by the capacitive coupling HT method and the
region of high gradations above the intermediate gradation
is primarily improved by the driving HT method to conse-
quently combine the effect of improving viewing angle
characteristics of both methods. When a high y-value is
achieved for a wide range of gradations, since viewing angle
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characteristics can be improved for any kind of image, it is
possible to provide a liquid crystal display having very high
display characteristics.

[0099] A high effect of improving viewing angle charac-
teristics can be achieved by forming the sub-pixels A and B
to combine the capacitive coupling HT method for varying
the threshold voltage in the single pixel and the driving HT
method for driving the pixel with high-luminance frames
and low-luminance frames. By combining the HT tech-
niques based on different principles, the effect of improve-
ment provided by both techniques can be combined. As
described above, it is relatively difficult to achieve an
improvement for low gradations with the driving HT method
because of restrictions on the driving conditions, although
the method allows a significant improvement to be achieved
for intermediate and high gradations. On the contrary,
according to the capacitive coupling HT method in which a
threshold voltage is varied, an improvement can be achieved
for any gradation by appropriately setting the ratio between
the areas of the sub-pixels A and B and the ratio Vpx2/Vpx1
of the voltages applied to the liquid crystal capacitances
Clel and Cle2 formed at the sub-pixels A and B. However,
it is difficult to achieve improved characteristics uniformly
over a wide range of gradations using the capacitive cou-
pling HT method.

[0100] Under the circumstance, a design may be con-
ceived in which the driving HT method is used to improve
intermediate and high gradations and in which gradations
lower than the intermediate gradation are improved using an
HT technique for varying the threshold voltage in one pixel
such as the capacitive coupling HT method. As a result,
viewing angle characteristics can be improved for a wide
range including low and high gradations. In order to prevent
the improvements achieved by the two HT methods from
overlapping, for example, a measure is taken in the range of
gradations of level 220 or lower (in a predetermined range
of gradation values) to prevent gradation level 110 (grada-
tion value o) among the 255 gradations for which the
y-value is maximized when pixels are driven using only the
capacitive coupling HT method from coinciding with gra-
dation level 200 (gradation value ) among the 255 grada-
tions for which the y-value is maximized when pixels
constituted only by sub-pixels A (pixels in an MVA liquid
crystal display in the related art) are driven using only the
driving HT method (to make the gradation value [ greater
than the gradation value a).

[0101] As described above, an optimum combination of an
HT technique for providing a threshold voltage difference in
one pixel such as the capacitive coupling HT method and a
driving HT technique is used to provide a liquid crystal
display having high viewing angle characteristics for a wide
range of gradations which has not been achievable with only
either of those HT techniques. A liquid crystal display
having high display characteristics without flickers or granu-
larity on the display screen can be provided by optimizing
the driving conditions for the driving HT method.

Embodiment 2

[0102] Aliquid crystal display of the present embodiment
has a configuration similar to that of the liquid crystal
display in Embodiment 1 except that the ratio A:B between
the areas of a sub-pixel A and a sub-pixel B is 4:6.
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[0103] FIG. 17 is a graph showing viewing angle charac-
teristics of VA type liquid crystal displays. The abscissa axis
represents gradations of image data to be displayed, and the
ordinate axis represents y-values. The curve connecting
black rhombic symbols in the figure indicates characteristics
of the liquid crystal display of the present embodiment
obtained in a direction square to the same. The curve
connecting black triangular symbols in the figure indicates
characteristics of a liquid crystal display in a direction
oblique to the same obtained by driving it using only the
capacitive coupling HT method without using the driving
HT method. The curve connecting black squares in the figure
indicates characteristics of a VA type liquid crystal display
according to the related art in a direction oblique to the same
obtained by driving it under the optimum HT driving con-
ditions. The curve connecting circles in the figure indicates
characteristics of the liquid crystal display of the present
embodiment in a direction oblique to the same. The curve
shown in a broken line in the figure indicates characteristics
of a VA type liquid crystal display according to the related
art employing neither the capacitive coupling HT method
nor the driving HT method obtained in a direction oblique to
the same. In FIG. 17, the viewing angle characteristics of
each display in the oblique direction are measured with the
y-value for gradations of level 96 and higher in the square
direction set at 2.4, and the characteristics represent local
y-values of each gradation.

[0104] In the present embodiment, the ratio between the
areas of a sub-pixel A and a sub-pixel B is different from that
in Embodiment 1. Therefore, as shown in FIG. 17, the peak
of the improvement in the characteristics of the liquid crystal
display employing only the capacitive coupling HT method
(indicated by black triangles) in the oblique direction resides
in the vicinity of gradation level 140 among 255 gradations,
and the y-value is 1.5 or more in a local range of gradation
levels from about 128 to 150. Further, the y-value is
improved to about 1.0 in other ranges of gradations. In the
present embodiment, since no change is made to the driving
conditions for the driving HT method, the characteristics of
the VA type liquid crystal display according to the related art
employing only the driving HT method obtained in a direc-
tion oblique thereto (indicated by black squares).

[0105] Referring to the characteristics of the liquid crystal
display driven by using the capacitive coupling HT method
and the driving HT method in combination (indicated by
circles), it will be understood that the y-value exceeds 1.5 in
a quite wide range of gradations, i.e., levels from 96 to 192
among the 255 gradations. Unlike the viewing angle char-
acteristics of the corresponding display in Embodiment, the
improvement in characteristics is somewhat smaller for low
gradations (gradations of level 96 and lower). On the con-
trary, the y-value is about 1.8 in the neighborhood of
gradation level 128 among the 255 gradations, which means
a greater improvement. Such an improvement is attributable
to the fact that the effect of improving viewing angle
characteristics is achieved in a wide range that is centered at
intermediate gradations because the region of the interme-
diate gradations is improved by the capacitive coupling HT
method and the region of high gradations above the inter-
mediate gradation is improved by the driving HT method to
consequently combine the effect of improving viewing angle
characteristics of both methods.
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[0106] As thus described, the present embodiment allows
an image having intermediate gradations to be displayed
properly, although it is somewhat less effective than
Embodiment 1 for a dark image having low gradations. An
image having many intermediate gradations frequently gives
a significant sense of incompatibility especially when the
image has a color different from the real color just as in the
case of human skin, and the viewing angle characteristics
achieved by the present embodiment may therefore be
preferred to the characteristics achieved by Embodiment 1.

[0107] As described above, in the liquid crystal display of
the present embodiment, the capacitive coupling HT method
and the driving HT method are combined in an optimum
manner to achieve high viewing angle characteristics for a
wide range of gradations which has not been achievable with
only either of the HT methods. In particular, in the liquid
crystal display of the present embodiment, the region of
intermediate gradations is improved by the capacitive cou-
pling HT method and the region of high gradations above the
intermediate gradation is improved by the driving HT
method to consequently combine the effect of improving
viewing angle characteristics of both methods. Thus, a
significant effect of improving viewing angle characteristics
can be achieved for intermediate gradations which are
frequently used in an image that gives a significant sense of
incompatibility when it has a color different from the real
color just as in the case of human skin.

[0108] As described in Embodiments 1 and 2, it is impor-
tant to set the ratio between the areas of the sub-pixels A and
B and the ratios Vpx1 and Vpx2 of the voltages applied to
the liquid crystal capacitances Clcl and Cle2 of the sub-
pixels A and B such that the regions improved by the
capacitive coupling HT method and the driving HT method
are appropriately combined instead of simply combining
those methods. In particular, it is difficult in practice to
improve low gradations up to the intermediate gradation
using the driving HT method because of the speed of
response of the liquid crystal. Therefore, it is adequate to
implement the capacitive coupling HT method to be used in
combination under such conditions that interpolation can be
achieved to improve the low gradations up to the interme-
diate gradation. Referring to the conditions for the capaci-
tive coupling HT method, for example, an area ratio A:B
between the sub-pixels A and B in the excess of 5:5 is not
adequate because the improvement is reduced on the side of
low gradations.

[0109] However, it is not impossible to achieve the effect
of improving the low gradations up to the intermediate
gradation using the driving HT method. When a liquid
crystal display is used in an application in which the display
screen is at a great distance from a user just as in the case
of an indication for public notice, granularity will not create
a problem as shown in FIGS. 12A and 12B. Further, as
shown in FIG. 8, flickers can be gradually made visually
unperceivable as the frame frequency is made higher than a
frequency of 60 Hz that is commonly used in the present. In
particular, the driving frequency of one frame set T is
determined to 120 Hz, flickers cannot be visually unper-
ceivable. Accordingly, if the response characteristics of the
peripheral driving circuits, the TFTs 20, and the liquid
crystal are improved, the frame frequency can be increased
to 120 Hz or higher without concern about flickers, and the
center of improvement achieved by the driving HT method



US 2007/0013633 A1l

can therefore be set on the side of low gradations. On this
case, the method may be combined with an HT process such
as the capacitive coupling HT method in which a threshold
voltage difference in one pixel is set such that an improve-
ment will be centered on the side of high gradations.

[0110] For example, a pixel electrode 17 at a sub-pixel B
is formed so as to occupy 50% or more of the total area of
the pixel as a condition for implementing the capacitive
coupling HT method. Driving is performed to set the ratio of
presence between high-luminance frames and low-lumi-
nance frames (frame ratio) at n:1 (n=1) as a condition for
implementing the driving HT method. Since the ratio of
sub-pixels B having a high threshold voltage in the display
screen is thus increased, the center of an improvement in
viewing angle characteristics achieved by the capacitive
coupling HT method is set on the side of low gradations.
Since the period of the high-luminance frames having high
luminance becomes longer than the period of the low-
luminance frames having low luminance as a result of the
implementation of the driving HT method, an improvement
is achieved on the side of high gradations. When the
capacitive coupling HT method and the driving HT method
are combined under such conditions, viewing angle charac-
teristics are consequently improved for a wide range of
gradations. It is obviously possible to adjust the frame ratio
(T1:T2) of the high-luminance frames and the low-lumi-
nance frames in such a manner that a ratio of T1:T2=1:1 will
be followed by a ratio of T1:T2=1:1.1 instead of being
followed by a ratio of T1:T2=1:2 in a discrete manner.

[0111] The pixel electrode 17 at the sub-pixel B may be
formed so as to occupy 50% or less of the total area of the
pixel as another condition for implementing the capacitive
coupling HT method. Driving may be performed to set the
ratio of presence between high-luminance frames and low-
luminance frames (frame ratio) at 1:n (n=1) as another
condition for implementing the driving HT method. Since
the ratio of sub-pixels A having a low threshold voltage in
the display screen is thus increased as a result of the
implementation of the capacitive coupling HT method, the
center of an improvement in viewing angle characteristics is
set on the side of high gradations. Since the period of the
high-luminance frames having high luminance becomes
shorter than the period of the low-luminance frames having
low luminance as a result of the implementation of the
driving HT method, an improvement is achieved on the side
of low gradations. When the capacitive coupling HT method
and the driving HT method are combined under such con-
ditions, viewing angle characteristics are consequently
improved for a wide range of gradations. It is obviously
possible to adjust the frame ratio (T1:T2) of the high-
luminance frames and the low-luminance frames in such a
manner that a ratio of T1:T2=1:1 will be followed by a ratio
of T1:T2=1:1.1 instead of being followed by a ratio of
T1:T2=1:2 in a discrete manner. Further, since the ratio of
sub-pixels A having a low threshold voltage in the display
screen increases, the transmittance of pixels at the same
gradation voltage is improved, and it is therefore possible to
provide a liquid crystal display having luminance higher
than that of the liquid crystal display of Embodiments 1 and
2.

[Second Mode for Carrying Out the Invention]

[0112] A liquid crystal display in a second mode for
carrying out the invention will now be described with
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reference to FIGS. 18 and 19. The liquid crystal display in
the present mode for carrying out the invention is charac-
terized in that it has a pixel group PGin constituted by a
plurality of pixels in which pixel electrodes (first pixel
electrodes) 16 and pixel electrodes (second pixel electrodes)
17 are provided in different ratios of presence. FIG. 18
shows 27 pixels among the plurality of pixels disposed in the
form of a matrix in the liquid crystal display in the present
mode for carrying out the invention. As shown in FIG. 18,
a plurality of gate bus lines Gm extending in the horizontal
direction in the figure are formed in parallel with each other
on a glass substrate 10. A plurality of drain bus lines Drn,
Dgn, and Dbn extending in the vertical direction in the figure
are formed in parallel with each other so as to intersect the
gate bus lines Gm with an insulation film (not shown)
interposed between them.

[0113] A TFT 20 is provided in the vicinity of each of
intersections between the gate bus lines Gm and the drain
bus lines Drn, Dgn, and Dbn. Gate electrodes (G) are
electrically connected to respective gate bus lines Gm, and
drain electrodes (D) of the TFTs are electrically connected
to respective drain bus lines Drm, Dgn, and Dbn. Source
electrodes (S) are electrically connected to the pixel elec-
trodes 16 through control electrodes 25, a pair of pixel
electrodes 16 and 17 being formed separately from each
other at each of pixels Prmn, Pgmn, and Pbmn.

[0114] A drain bus line Drl drives red (R) pixels Prll,
Pr21, and Pr31. A drain bus line Dg1 drives green (G) pixels
Pgll, Pg21, and Pg31. A drain bus line Db1 drives blue (B)
pixels Pb11, Pb21, and Pb31. Similarly, a drain bus line Drn
drives an R pixel Prmn; a drain bus line Dgn drives a G pixel
Pgmn; and a drain bus line Dbn drives a B pixel Pbmn. The
pixels Prmn, Pgmn, and Pbmn have a sub-pixel (first sub-
pixel) A at which a pixel electrode 16 is formed and a
sub-pixel (second sub-pixel) B at which a pixel electrode 17
is formed. The pixel electrode 17 sandwiches an insulation
film between itself and the control electrode 25 to form a
control capacitance (a predetermined electric capacitance)
Ce.

[0115] A pixel group PGI1 includes nine pixels Prll to
Pr31, Pgll to Pg31, and Pbl1 to Pb31 provided in the form
of a matrix. Similarly, a pixel group PGin includes nine
pixels.

[0116] The pixel group PG11 includes pixels Pr21, Pgll,
and Pb31 (first pixels) in which the pixel electrodes 16 and
17 are formed in an area ratio of 1:9, pixels Pr1l, Pg31, and
Pb21 (second pixels) in which the area ratio is 2:8, and
pixels Pr31, Pg21, and Pb11 (third pixels) in which the area
ratio is 4:6. Similarly, a pixel group PGin includes three each
of the first to the third pixels. The first to the third pixels are
connected to each of drain bus lines Drl, Dgl, and Db1. As
a result, in the pixel group PG11, the total areas of the pixel
electrodes 16 and 17 in the respective R pixels Pr1l, Pr21,
and Pr31 are equal to each other; the total areas of the pixel
electrodes 16 and 17 in the respective G pixels Pgll, Pg21,
and Pg31 are equal to each other; and the total areas of the
pixel electrodes 16 and 17 in the respective B pixels Pbll,
Pb21, and Pb31 are equal to each other. Similarly, in a pixel
group PGin, the total areas of the pixel electrodes 16 and 17
formed in the respective R pixels, G pixels, and B pixels are
equal to each other.

[0117] A CF resin layer and a common electrode (both of
which are not shown) are formed in the order listed sub-
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stantially throughout a surface of an opposite glass substrate
(not shown) provided opposite to the glass substrate 10.
Liquid crystal capacitances Clcl and Cle2 are formed at
each of pixels Prmn, Pgmn, and Pbmn by the common
electrode, the pixel electrodes 16 and 17 and liquid crystal
layers sandwiched between the electrodes. The liquid crystal
capacitances Clc2 are series-connected to the control capaci-
tances Cc between the glass substrate 10 and the opposite
glass substrate. As a result, sub-pixels A and B having
different threshold voltages are formed at the pixels Prmn,
Pgmn, and Pbmn.

[0118] FIG. 19 is a graph showing viewing angle charac-
teristics of VA type liquid crystal displays. The abscissa axis
represents gradations of image data to be displayed, and the
ordinate axis represents y-values. The curve connecting
black rhombuses in the figure indicates characteristics of the
liquid crystal display in the present mode for carrying out the
invention measured in a direction square to the same. The
curve connecting squares in the figure indicates character-
istics of a liquid crystal display having only the first pixels
formed such that the ratio between the areas of the pixel
electrodes 16 and 17 is 1:9 measured in a direction oblique
to the display. The curve connecting triangles in the figure
indicates characteristics of a liquid crystal display having
only the second pixels formed such that the ratio between the
areas of the pixel electrodes 16 and 17 is 2:8 measured in a
direction oblique to the display. The curve connecting
crosses in the figure indicates characteristics of a liquid
crystal display having only the third pixels formed such that
the ratio between the areas of the pixel electrodes 16 and 17
is 4:6 measured in a direction oblique to the display. The
curve connecting black circles in the figure indicates char-
acteristics of the liquid crystal display in the present mode
for carrying out the invention measured in a direction
oblique to the display. The curve shown in a broken line in
the figure indicates characteristics of a VA type liquid crystal
display according to the related which does not employ the
capacitive coupling HT method, measured in a direction
oblique to the display. In FIG. 19, the viewing angle
characteristics of each display in the oblique direction are
measured with the y-value for gradations at level 96 or
higher in the square direction set at 2.4, and the character-
istics represent local y-values of each gradation.

[0119] As shown in FIG. 19, when the pixel electrodes 16
and 17 are formed in different area ratios, viewing angle
characteristics can be improved in different ranges of gra-
dations (see the square symbols, triangular symbols, and
crosses). The range of improved gradations is shifted to
higher gradations, the smaller the area of the sub-pixels B
having the pixel electrodes 17 which are capacitively
coupled. Since the plurality of pixels Prmn, Pgmn, and
Pbmn having different area ratios between the pixel elec-
trodes 16 and 17 are distributed in the display area, the range
of improvable gradations is increased. As a result, the
viewing angle characteristics are averaged in a global view,
and the characteristics are improved for a wide range of
gradations (see black circles). Since the y-value of the liquid
crystal display is 1 or more for a wide range from a low
gradation (gradation level 32) to a high gradation (gradation
level 255). Since the display does not employ the different
HT techniques (the driving HT method and the capacitive
coupling HT method) in combination, the viewing angle
characteristics of the same are not improved as much as
achieved in the liquid crystal display in the first mode for
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carrying out the invention. However, in the liquid crystal
display in the present mode for carrying out the invention,
it is possible to solve the problem of the capacitive coupling
HT method, i.e., the narrowness of the range of gradations
that the method can improve.

[0120] As described above, since the plurality of pixels
Prmn, Pgmn, and Pbmn having different area ratios between
the pixel electrodes 16 and 17 are distributed in the display
area, the viewing angle characteristics of each of the pixels
Prmn, Pgmn, and Pbmn are synthesized in a global view. As
a result the viewing angle characteristics of the liquid crystal
display are improved for a wide range of gradations. Since
the viewing angle characteristics are improved evenly, high
display quality can be provided when display of a dynamic
image such as a television image is viewed.

[Third Mode for Carrying Out the Invention]

[0121] Aliquid crystal display in a third mode for carrying
out the invention will now be described with reference to
FIGS. 20 and 21. The liquid crystal display in the present
mode for carrying out the invention is characterized in that
it includes a pixel group constituted by a plurality of pixels
having control capacitances (predetermined electric capaci-
tances) of different capacitance values. FIG. 20 shows an
equivalent circuit of four pixels among the plurality of
pixels, which are disposed in the form of a matrix, of the
liquid crystal display in the present mode for carrying out the
invention. As shown in FIG. 20, a plurality of gate bus lines
12 extending in the horizontal direction in the figure are
formed in parallel with each other on a glass substrate. A
plurality of drain bus lines 14 extending in vertical direction
in the figure are formed in parallel with each other so as to
intersect with the gate bus lines 12 with an insulation film 30
interposed between them.

[0122] A TFT 20 is provided in the vicinity of each of
intersections between the gate bus lines 12 and the drain bus
lines 14. Gate electrodes (G) of the TFTs 20 are electrically
connected to the respective gate bus lines 12, and drain
electrodes (D) are electrically connected to the respective
drain bus lines 14. Storage capacitor bus lines 18 are formed
across pixel regions defined by the gate bus lines 12 and the
drain bus lines 14 so as to extend in parallel with the gate bus
lines 12. A storage capacitor electrode (intermediate elec-
trode) 19 is formed above the storage capacitor bus line 18
at each pixel with an insulation film 30 interposed between
them. The storage capacitor electrode 19 is electrically
connected to a source electrode (S) of the TFT 20 through
a control electrode 25. A storage capacitor Cs is formed by
the storage capacitor bus line 18, the storage capacitor
electrode 19, and the insulation film 30 sandwiched between
them.

[0123] A pixel region defined by gate bus lines 12 and
drain bus lines 14 is divided into a sub-pixel (first sub-pixel)
A and a sub-pixel (second sub-pixel) B. A pixel electrode
(first pixel electrode) 16 is formed at the sub-pixel A, and a
pixel electrode (second pixel electrode) 17, which is separate
from the pixel electrode 16, is formed at the sub-pixel B. The
pixel electrodes 16 and 17 are formed in an area ratio of 3:7.
The pixel electrode 16 is electrically connected to the
storage capacitor electrode 19 and the source electrode (S)
of the TFT 20. A control capacitance is formed by the pixel
electrode 17, the control electrode 25, and a protective film
32 sandwiched by the electrodes 17 and 25. The pixel
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electrode 17 is indirectly connected to the source electrode
(S) by capacitive coupling through the control capacitance.
The pixel electrode 17 is in an electrical floating state.

[0124] Referring to FIG. 20, the value of the control
capacitances formed in the pixels disposed at the top left and
bottom right of the figure is different from that of the control
capacitances in the pixels disposed at the top right and
bottom left. Control capacitances Ccl are formed in the
pixels disposed at the top left and bottom right, and control
capacitances Cc2 are formed in the pixels disposed at the top
right and bottom left. For example, the capacitance values
can be changed by varying the area of the control electrode
25 between the pixels in which the control capacitances Ccl
are formed and the pixels in which the control capacitances
Cc2 are formed. As thus described, a pixel group 39 has a
plurality of (four in FIG. 20) pixels having control capaci-
tances Ccl and Cc2 of different capacitance values.

[0125] A CF resin layer (not shown) and a common
electrode 42 are formed in the order listed on an opposite
glass substrate provided opposite to the glass substrate 10.
Liquid crystal capacitances Clcl are formed by the pixel
electrodes 16 of the sub-pixels A, the common electrode 42
and a liquid crystal layer 6 sandwiched between the elec-
trodes 16 and 42. Liquid crystal capacitances Clc2 are
formed by the pixel electrodes 17 of the sub-pixels B having
the control capacitances Ccl, the common electrode 42, and
the liquid crystal layer 6 sandwiched between the electrodes
17 and 42. Liquid crystal capacitances Clc2 are formed by
the pixel electrodes 17 of the sub-pixels B having the control
capacitances Cc2, the common electrode 42, and the liquid
crystal layer 6 sandwiched between the electrodes 17 and 42.
The control capacitances Cc1 and the liquid crystal capaci-
tances Clc2 are series connected between the glass substrate
10 and the opposite glass substrate. Similarly, the control
capacitances Cc2 and the liquid crystal capacitances Clc2
are series-connected between the glass substrate 10 and the
opposite glass substrate.

[0126] When a TFT 20 is turned on, a gradation voltage
applied to the drain bus line 14 is applied to the pixel
electrode 16 through the TFT 20, and a voltage Vpx1 is
applied to the liquid crystal layer 6 of the sub-pixel A. At
thus time, since the voltage Vpx1 is divided according to the
capacitance ratio between the liquid crystal capacitance Clc2
and the control capacitance Ccl, a voltage different from
that applied to the pixel electrode 16 is applied to the pixel
electrode 17 at the sub-pixel B having the control capaci-
tance Ccl. A voltage Vpx21 applied to the liquid crystal
layer 6 at the sub-pixel B can be expressed as follows.

Vpx21=(Ccl/(Clc2+Ccl))x Vpx1

[0127] Similarly, a voltage Vpx22 applied to the liquid
crystal layer 6 at the sub-pixel B having the control capaci-
tance Cc2 can be expressed as follows.

Vpx22=(Cc2/(Cle2+Ce2))x Vpxl

[0128] The value of the control capacitance Ccl is set such
that the voltage ratio Vpx21/Vpx1 of the pixel having the
capacitance becomes 0.8 for the intermediate gradation
(gradation level 127). The value of the control capacitance
Cc2 is set such that the voltage ratio Vpx22/Vpx1 of the
pixel having the capacitance becomes 0.59 for the interme-
diate gradation (gradation level 127). As thus described, the
display area of the liquid crystal display has a structure in
which a pixel group 39 constituted by pixels including
sub-pixels having different threshold voltages is provided.

[0129] FIG. 21 is a graph showing viewing angle charac-
teristics of VA type liquid crystal displays. The abscissa axis

Expression 3

Expression 4
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represents gradations of image data to be displayed, and the
ordinate axis represents y-values. The curve connecting
black rhombic symbols in the figure indicates characteristics
of the liquid crystal display of the present embodiment
obtained in a direction square to the same. The curve
connecting square symbols in the figure indicates charac-
teristics of a liquid crystal display in which all pixels are
formed to have the control capacitance Ccl, the character-
istics being obtained in a direction oblique to the display.
The curve connecting triangular symbols in the figure indi-
cates characteristics of a liquid crystal display in which all
pixels are formed to have the control capacitance Cc2, the
characteristics being obtained in a direction oblique to the
display. The curve connecting black square symbols in the
figure indicates characteristics of the liquid crystal display in
the present mode for carrying out the invention obtained in
a direction oblique to the same. The curve shown in a broken
line in the figure indicates characteristics of a VA type liquid
crystal display according to the related art which does not
employ the capacitive coupling HT method, the character-
istics being obtained in a direction oblique to the display. In
FIG. 21, the viewing angle characteristics of each display in
the oblique direction are measured with the y-value for
gradations at level 96 and higher in the square direction set
at 2.4, and the characteristics represent local y-values of each
gradation.

[0130] As shown in FIG. 21, when the capacitance values
of the control capacitances Ccl and Cc2 are made different
from each other to provide different voltage ratios Vpx21/
Vpx1 and Vpx22/Vpx1, viewing angle characteristics can be
improved in different ranges of gradations (see the square
and triangular symbols). A range of improvable gradations is
shifted to high gradations, the smaller the relevant voltage
ratio. Since a plurality of pixels having different voltage
ratios Vpx21/Vpx1 and Vpx22/Vpx1 are distributed in the
display area, the range of improvable gradations is
increased. As a result, the viewing angle characteristics are
averaged in a global view, and the characteristics are
improved for a wide range of gradations (see black square
symbols). Since the y-value of the liquid crystal display is 1
or more for a wide range from a low gradation (gradation
level 32) to a high gradation (gradation level 255). Since the
display does not employ the different HT techniques (the
driving HT method and the capacitive coupling HT method)
in combination as the same of the above second mode for
carrying out the invention, the viewing angle characteristics
of the same are not improved as much as achieved in the
liquid crystal display in the first mode for carrying out the
invention. However, in the liquid crystal display in the
present mode for carrying out the invention, it is possible to
solve the problem of the capacitive coupling HT method,
ie., the narrowness of the range of gradations that the
method can improve.

[0131] As described above, the control capacitances Ccl
and Cc2 are provided with different capacitance values to
distribute a plurality of pixels having different voltage ratios
Vpx21/Vpx1 and Vpx22/Vpx1 in the display screen, which
allows viewing angle characteristics to be synthesized
between the pixels in a global view. Since the viewing angle
characteristics of the liquid crystal display are thus improved
for a wide range of gradations, high display quality can be
achieved.

[0132] The invention is not limited to the above-described
modes for carrying out the same and may be modified in
various ways.
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[0133] Inthe liquid crystal display in the second mode for
carrying out the invention, the control capacitances Cc
formed in all pixels have the same capacitance value. The
invention is not limited to such a configuration. For
example, the control capacitance value Cc of any of the
pixels Prmn, Pgmn, and Pbmn of the pixel group PGin may
have a capacitance value that is different from the capaci-
tance value of the rest of the pixels Prmn, Pgmn, and Pbmn.
Alternatively, the control capacitances Cc formed at the
pixels Prmn, Pgmn, and Pbmn may be different from each
other. The same advantage as that in the second and the third
modes for carrying out the invention can be achieved also in
this case.

[0134] In the liquid crystal display in the third mode for
carrying out the invention, the pixel electrodes 16 and 17 are
formed to have the same area ratio at all pixels. The
invention is not limited to such a configuration. For
example, the area ratio between the pixel electrodes 16 and
17 of any of the pixels in the pixel group 39 may be different
from that of the other pixels. Alternatively, the pixels in the
pixel group 39 may be different from each other in the area
ratio between the pixel electrodes 16 and 17. The same
advantage as that in the second and the third modes for
carrying out the invention can be achieved also in this case.

[0135] Although the liquid crystal displays in the second
and the third modes for carrying out the invention employs
only the capacitive coupling HT method, this is not limiting
the invention. For example, the driving HT method may
obviously be employed in the liquid crystal displays in the
second and the third modes for carrying out the invention.
High-luminance frames and low-luminance frames may be
allocated to each of pixels which are different from each
other in the area ratio between the first and the second pixel
electrodes or the capacitance value of the control capaci-
tance Cc such that the relationship between a gradation
value in input image data and an applied voltage will be
different in each pixel. The same advantage as that in the first
mode for carrying out the invention can be achieved also in
this case.

[0136] Although the liquid crystal displays in the first to
the third modes for carrying out the invention have been
described as VA (MVA) type liquid crystal displays by way
of example, the invention is not limited to them. The same
advantage as that in those modes for carrying out the
invention can be achieved also in TN type liquid crystal
displays.

What is claimed is:
1. A liquid crystal display comprising:

a liquid crystal sealed between a pair of substrates pro-
vided opposite to each other;

a plurality of pixels provided in a form of a matrix on
either of the pair of substrates;

a thin film transistor formed at each of the pixels;

an image processing unit for determining a high lumi-
nance of the pixel in a high-luminance frame and a low
luminance of the pixel in a low-luminance frame and
the ratio of presence between the high-luminance frame
and the low-luminance frame to achieve luminance
substantially equal to predetermined luminance by
combining the high-luminance frame which drives the
pixel to luminance higher than the predetermined lumi-
nance that is associated with a gradation value in input
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image data and the low-luminance frame which drives
the pixel to luminance lower than the predetermined
luminance;

a first sub-pixel formed in the pixel; and

a second sub-pixel which is formed in the pixel separately
from the first sub-pixel and which provides luminance
per unit area lower than that of the first sub-pixel.

2. A liquid crystal display according to claim 1, wherein
the pixel includes a first pixel electrode which is electrically
connected to a source electrode of the thin film transistor
through a control electrode and which is formed in the first
sub-pixel and a second pixel electrode which is sandwiches
an insulation film between itself and the control electrode to
form a predetermined electric capacitance and which is
formed in the second sub-pixel separately from the first pixel
electrode.

3. A liquid crystal display according to claim 1, wherein

a gradation value o. obtained at the pixel with a maximum
y-value when driven without processing the input
image data at the image processing unit does not
coincide with a gradation value f obtained with the
maximum y-value at a pixel which includes only the
first sub-pixel and which is driven by processing the
image data at the image processing unit within a
predetermined range of gradation values, the y-value
being given by:

y={log(Ta)-log(Th)}{log(a)-log(h)}

where T represents the maximum luminance in optical
characteristics measured at a predetermined angle to a
direction normal to the display screen; ta represents
luminance based on a gradation value a; tb represents
luminance based on a gradation value b (a and b are
different values); and Ta and Tb represent the ratios of
the luminance ta and the luminance tb to the maximum
luminance T, respectively.

4. A liquid crystal display according to claim 3, wherein
the gradation value f is a value greater than the gradation
value c.

5. A liquid crystal display according to claim 2, wherein

the second pixel electrode is formed so as to occupy 50%
or more of the total area of the pixel and wherein
driving is performed to set the ratio of presence
between the high-luminance frame and the low-lumi-
nance frame is set at n:1 (n=1).

6. A liquid crystal display according to claim 2, wherein

the second pixel electrode is formed so as to occupy 50%
or less of the total area of the pixel and wherein driving
is performed to set the ratio of presence between the
high-luminance frame and the low-luminance frame is
set at 1:n (n=1).

7. A liquid crystal display according to claim 1, wherein

the image processing unit is incorporated in a control

circuit which controls a driving circuit for driving a

gate bus line electrically connected to a gate electrode

of the thin film transistor and a driving circuit for

driving a drain bus line electrically connected to a drain
electrode of the thin film transistor.

8. A liquid crystal display according to claim 1, compris-

ing a gradation conversion table having a high luminance

gradation value for obtaining the high luminance in the
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high-luminance frame and a low luminance gradation value
for obtaining the low luminance in the low-luminance
frame.

9. A liquid crystal display according to claim 8, wherein
the gradation conversion table is stored in a storage circuit.

10. A liquid crystal display according to claim 9, wherein
the gradation conversion table is incorporated in the control
circuit.

11. A liquid crystal display comprising:

a liquid crystal sealed between a pair of substrates pro-
vided opposite to each other;

a plurality of gate bus lines formed in parallel with each
other on one of the pair of substrates;

a plurality of drain bus lines formed across the plurality of
gate bus lines with an insulation film interposed
between them;

a thin film transistor provided at each of intersections
between the bus lines and having a gate electrode
electrically connected to the gate bus line, a drain
electrode electrically connected to the drain bus line,
and a source electrode provided above the gate elec-
trode so as to face the drain electrode with a predeter-
mined gap left between them; and

apixel group including a plurality of pixels different from
each other in the area ratio between a first pixel
electrode which is electrically connected to the source
electrode through a control electrode and a second pixel
electrode which is separate from the first pixel elec-
trode and which sandwiches an insulation film between
itself and the control electrode to form a predetermined
electric capacitance.

12. A liquid crystal display according to claim 11, wherein
the pixel group includes a first pixel formed such that the
area ratio between the first pixel electrode and the second
pixel electrode becomes 1:9, a second pixel formed such that
the area ratio between the first pixel electrode and the second
pixel electrode becomes 2:8, and a third pixel formed such
that the area ratio between the first pixel electrode and the
second pixel electrode becomes 4:6.

13. A liquid crystal display according to claim 11, wherein
the capacitance value of the predetermined electric capaci-
tance of any of the pixels in the pixel group is different from
that of the remaining pixels.

14. A liquid crystal display comptising:

a liquid crystal sealed between a pair of substrates pro-
vided opposite to each other;
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a plurality of gate bus lines formed in parallel with each
other on one of the pair of substrates;

a plurality of drain bus lines formed across the plurality of
gate bus lines with an insulation film interposed
between them;

a thin film transistor provided at each of intersections
between the bus lines and having a gate electrode
electrically connected to the gate bus line, a drain
electrode electrically connected to the drain bus line,
and a source electrode provided above the gate elec-
trode so as to face the drain electrode with a predeter-
mined gap left between them; and

a pixel group including a plurality of pixels, wherein the
capacitance value of a predetermined electric capaci-
tance formed by an insulation film sandwiched between
a second pixel electrode and a control electrode is
different between the pixels, the second electrode being
separate from a first pixel electrode which is electri-
cally connected to the source electrode through the
control electrode.

15. Aliquid crystal display according to claim 14, wherein
the area ratio between the first and second pixel electrodes
in any of the pixels in the pixel group is different from that
in the remaining pixels.

16. Aliquid crystal display according to claim 11, wherein
the relationship between a gradation value in input image
data and a voltage applied to the pixels is different in each
of the pixels which are different from each other in the area
ratio between the first and second pixel electrodes or the
capacitance value of the predetermined electric capacitance.

17. Aliquid crystal display according to claim 2, wherein:

the other of the pair of substrates has a common electrode;
and

a voltage applied to a liquid crystal capacitance formed
between the second pixel electrode and the control
electrode is generated based on the capacitance ratio
between the liquid crystal capacitance and the prede-
termined electric capacitance.

18. A liquid crystal display according to claim 1, wherein
the liquid crystal has negative dielectric constant anisotropy
and is aligned substantially perpendicularly to a substrate
surface when no voltage is applied.
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