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LIQUID CRYSTAL DISPLAY

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device and more particularly relates to a liquid crystal
display device with an excellent viewing angle characteristic.

BACKGROUND ART

[0002] Recently, liquid crystal displays (LCDs) have
become immensely popular as a big monitor screen fora TV
receiver (which will be simply referred to herein as a “TV™).
[0003] Those LCDs foruse as a big monitor screen fora TV
include a so-called “VA mode LCD” that uses a vertical
alignment liquid crystal layer (see Patent Document No. 1, for
example).
[0004] A conventional VA mode LCD has different gamma
curves, representing a grayscale-luminance characteristic,
when viewed from a frontal viewing angle (i.e., when viewed
along a normal to the monitor screen) and when viewed from
an oblique viewing angle (i.e., when the polar angle is greater
than zero degrees). And as the transmittance at an oblique
viewing angle becomes higher than at the frontal viewing
angle, the image may look whitish or excessively bright
(which is sometimes called a “whitening phenomenon”) at
the oblique viewing angle. A “multi-picture element” tech-
nique is one of various means for suppressing such a whiten-
ing phenomenon at an oblique viewing angle. According to
the multi-picture element technique, one picture element is
divided into two or more sub-picture elements that have
mutually different luminances and a grayscale is represented
by those two or more sub-picture elements. The multi-picture
element technique is also called a “picture element division”
technique or an “area grayscale” technique. The multi-picture
element technique is disclosed in Patent Documents Nos. 2
and 3, for example, the entire disclosure of which are hereby
incorporated by reference.
[0005] Patent Document No. 1: Japanese Patent Applica-
tion Laid-Open Publication No. 11-242225
[0006] Patent Document No. 2: Japanese Patent Applica-
tion Laid-Open Publication No. 2004-062146 (corre-
sponding to U.S. Pat. No. 6,958,791)
[0007] Patent Document No. 3: Japanese Patent Applica-
tion Laid-Open Publication No. 2005-55896
[0008] Patent Document No. 4: Japanese Patent Applica-
tion Laid-Open Publication No. 2003-270614

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

[0009] However, the present inventors discovered via
experiments that the LCDs having the multi-picture element
structures disclosed in Patent Documents Nos. 2 and 3 have
the following problems.

[0010] Specifically, when the present inventors fabricated a
sample LCD with the multi-picture element structure and
analyzed its viewing angle characteristic in detail, the color
balance was lost and shifted toward the yellow range at
around an intermediate grayscale (e.g., around 145/255 gray-
scale) at an oblique viewing angle. This is a problem that
occurs to various degrees not just in the VA mode but also in
any other display mode as well.

[0011] Meanwhile, according to the multi-picture element
technique disclosed in Patent Document No. 3, the liquid
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crystal capacitors Clca and Clcb of a sub-picture element are
capacitively coupled together with a coupling capacitance
Cep as show in FIG. 5 of Patent Document No. 3. However,
the magnitude of the coupling capacitance Ccp is affected by
some variation that inevitably occurs during the manufactur-
ing process. That is to say, even if varied on a color-by-color
basis, the magnitude of the coupling capacitance Ccp is still
affected by a variation occurring during the manufacturing
process. Consequently, it is difficult to fabricate an LCD with
a good color balance at a high production yield.

[0012] Tt should be noted that Patent Document No. 4 dis-
closes a method for controlling a backlight and a method for
performing signal processing and correction in response to an
input video signal in order to compensate for the loss of the
white balance when an iodine polarizer is used. However,
Patent Document No. 4 neither discloses nor suggests the
problems mentioned above.

[0013] Inorderto overcome the problems described above,
the present invention has an object of providing, first and
foremost, a liquid crystal display device that can minimize
such a loss of the color balance at an oblique viewing angle
and that can be manufactured at a high production yield.

Means for Solving the Problems

[0014] A liquid crystal display device according to the
present invention includes a plurality of picture elements that
are arranged in columns and rows so as to form a matrix
pattern. Each of those picture elements includes a liquid
crystal layer and a plurality of electrodes for applying a volt-
age to the liquid crystal layer. Each of those picture elements
includes a first sub-picture element and a second sub-picture
element having the ability to apply mutually different volt-
ages to their liquid crystal layer. At a grayscale level, the first
sub-picture element has a higher luminance than the second
sub-picture element. Each of the first and second sub-picture
elements includes: a liquid crystal capacitor formed by a
counter electrode and a sub-picture element electrode that
faces the counter electrode through the liquid crystal layer;
and at least one storage capacitor, each being formed by a
storage capacitor electrode that is electrically connected to
the sub-picture element electrode, an insulating layer, and a
storage capacitor counter electrode that is opposed to the
storage capacitor electrode with the insulating layer inter-
posed between them. After a display voltage representing a
certain grayscale level has been applied to the respective
sub-picture element electrodes of the first and second sub-
picture elements, a voltage difference AVa is produced
between voltages to be applied to the respective liquid crystal
capacitors of the first and second sub-picture elements by way
of'their associated storage capacitor(s). In some of the picture
elements, the voltage difference AVo changes from one pic-
ture element to another.

[0015] In one preferred embodiment, the picture elements
include a plurality of color picture elements that represent
mutually different colors and that include a blue picture ele-
ment and/or a cyan picture element. Among those color pic-
ture elements, the AVa value of the blue and/or cyan picture
element(s) is the smallest.

[0016] In another preferred embodiment, the at least one
storage capacitor includes only one storage capacitor. The
counter electrode is a single electrode that is provided in
common for the first and second sub-picture elements. The
storage capacitor counter electrodes of the first and second
sub-picture elements are electrically independent of each
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other. And the waveforms of storage capacitor counter volt-
ages to be supplied through storage capacitor lines that are
associated with the storage capacitor counter electrodes are
different between the first and second sub-picture elements.
In some of the picture elements, the storage capacitors have
different capacitance values. As used herein, if “the storage
capacitors of a picture element have different capacitance
values”, then it means that at least one of the storage capaci-
tors of the first and second sub-picture elements has a differ-
ent storage capacitance value from the other(s). Normally, the
capacitance values of two or more storage capacitors in a
single picture element are defined to be equal to each other.
[0017] In this particular preferred embodiment, the picture
elements include a plurality of color picture elements that
represent mutually different colors and that include a blue
picture element and/or a cyan picture element. Among those
color picture elements, the capacitance value of the storage
capacitor of the blue and/or cyan picture element(s) is the
smallest.

[0018] In a specific preferred embodiment, the color pic-
ture elements further include a red picture element and a
green picture element. Supposing the capacitance values of
the storage capacitors of the blue and/or cyan picture element
(s), the green picture element, and the red picture element are
identified by C 5 5, Crs. s Cos.g and C g g, respectively, the
inequality C g z=C 5. <Cs.6=Ccs. g 18 satisfied.

[0019] In another preferred embodiment, the at least one
storage capacitor includes only one storage capacitor. The
counter electrode is a single electrode that is provided in
common for the first and second sub-picture elements. The
storage capacitor counter electrodes of the first and second
sub-picture elements are electrically independent of each
other. And the waveforms of storage capacitor counter volt-
ages to be supplied through storage capacitor lines that are
associated with the storage capacitor counter electrodes are
different between the first and second sub-picture elements.
In some of the picture elements, the liquid crystal capacitors
have different capacitance values.

[0020] In still another preferred embodiment, the liquid
crystal display device further includes gate bus lines, source
bus lines and TFTs. Each of the first and second sub-picture
elements includes a TFT that is connected to the sub-picture
element electrode thereof. One of the picture elements that
has the smallest voltage difference AVo. further includes a
storage capacitor that has been formed between the picture
element’s row and the gate bus line of its adjacent row.
[0021] In yet another preferred embodiment, the liquid
crystal display device further includes gate bus lines, source
bus lines and TFTs. Each of the first and second sub-picture
elements includes a TFT that is connected to the sub-picture
element electrode thereof. The gate-drain capacitance Cgd of
the TFT of one of the picture elements that has the smallest
voltage difference AV is smaller than that of the TFT of any
other picture element.

[0022] In yet another preferred embodiment, the liquid
crystal layer is a vertical alignment liquid crystal layer and
contributes to conducting a display operation in normally
black mode.

[0023] In yet another preferred embodiment, the at least
one storage capacitor includes two storage capacitors. The
counter electrode is a single electrode that is provided in
common for the first and second sub-picture elements. The
storage capacitor counter electrodes of the two storage
capacitors of the first sub-picture element are electrically
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independent of each other. And the storage capacitor counter
electrodes of the two storage capacitors of the second sub-
picture element are also electrically independent of each
other.

[0024] In this particular preferred embodiment, if the two
storage capacitors of the first sub-picture element are identi-
fied by CS1A and CS1B and if the two storage capacitors of
the second sub-picture element are identified by CS2A and
CS2B, the storage capacitor counter electrodes of the storage
capacitors CS1A and CS2B are electrically connected to the
same first storage capacitor line. The storage capacitor
counter electrodes of the storage capacitors CS1B and CS2A
are electrically connected to the same second storage capaci-
tor line. And the first and second storage capacitor lines are
electrically independent of each other.

[0025] In a specific preferred embodiment, if the capaci-
tance values of the storage capacitors CS1A, CS1B, CS2A
and CS2B are identified by CcslA, CcslB, Cecs2A and
Cces2B, respectively, and if Cecslo=Cecs1A~Ccs1B and
Ccs20=Ccs2A~Ccs2B, some of the picture elements have
different Ccsla or Ces2a.

[0026] In a more specific preferred embodiment, the pic-
ture elements include a plurality of color picture elements that
represent mutually different colors and that include a blue
picture element and/or a cyan picture element. Among those
color picture elements, the Cesla and Ces2a values of the
blue and/or cyan picture element(s) are the smallest.

[0027] In  another  preferred  embodiment, if
Ces1p=Ccs1A+Ccs1B  and Cecs2p=Ccs2A+Ccs2B, the
Ceslf and Cces2f values remain the same in every picture
element.

[0028] Another liquid crystal display device according to
the present invention includes a plurality of picture elements
that are arranged in columns and rows so as to form a matrix
pattern. Each of those picture elements includes a liquid
crystal layer and a plurality of electrodes for applying a volt-
age to the liquid crystal layer. Each of those picture elements
includes a first sub-picture element and a second sub-picture
element having the ability to apply mutually different volt-
ages to their liquid crystal layer. At a grayscale level, the first
sub-picture element has a higher luminance than the second
sub-picture element. Each of the first and second sub-picture
elements includes: a liquid crystal capacitor formed by a
counter electrode and a sub-picture element electrode that
faces the counter electrode through the liquid crystal layer;
and at least two storage capacitors, each being formed by a
storage capacitor electrode that is electrically connected to
the sub-picture element electrode, an insulating layer, and a
storage capacitor counter electrode that is opposed to the
storage capacitor electrode with the insulating layer inter-
posed between them. The counter electrode is a single elec-
trode that is provided in common for the first and second
sub-picture elements. The storage capacitor counter elec-
trodes of the at least two storage capacitors of the first sub-
picture element are electrically independent of each other.
And the storage capacitor counter electrodes of the at least
two storage capacitors of the second sub-picture element are
also electrically independent of each other.

[0029] Inone preferred embodiment, if two storage capaci-
tors of the first sub-picture element are identified by CS1A
and CS1B and if two storage capacitors of the second sub-
picture element are identified by CS2A and CS2B, the storage
capacitor counter electrodes of the storage capacitors CS1A
and CS2B are electrically connected to the same first storage
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capacitor line. The storage capacitor counter electrodes of the
storage capacitors CS1B and CS2 A are electrically connected
to the same second storage capacitor line. And the first and
second storage capacitor lines are electrically independent of
each other.

Effects of the Invention

[0030] The present invention provides a liquid crystal dis-
play device that can minimize such a loss of the color balance
(particularly, a shift toward the yellow range) at an oblique
viewing angle and that can be manufactured at a high produc-
tion yield. The present invention also provides a liquid crystal
display device with a novel structure that contributes greatly
to achieving such an object.

BRIEF DESCRIPTION OF DRAWINGS

[0031] FIG. 1 is a schematic representation illustrating an
exemplary multi-picture element structure.

[0032] FIGS. 2(a) and 2(b) show how the chromaticity
changes with the viewing angle in a liquid crystal display
device having the multi-picture element structure shown in
FIG. 1. Specifically, FIGS. 2(a) and 2(b) are graphs showing
the chromaticity variations in u' and v' chromaticity coordi-
nates with the grayscales at a frontal viewing angle and at an
oblique viewing angle (of which the orientation was nine
o’clock direction and the polar angle was 45 degrees).
[0033] FIGS. 3(a) and 3(b) are graphs showing how the
transmittances with respect to incoming color light rays in
blue, green and red with wavelengths of 450 nm, 550 nm and
650 nm, respectively, changed with the voltage applied to the
liquid crystal layer of a VA mode LCD. Specifically, FIGS.
3(a) and 3(b) are graphs showing the voltage-transmittance
characteristics at the frontal viewing angle and at an oblique
viewing angle (of which the orientation was nine o’clock
direction and the polar angle was 45 degrees), respectively.
[0034] FIG. 4 shows the grayscale-transmittance character-
istics of a liquid crystal display device with the multi-picture
element structure at the frontal viewing angle.

[0035] FIG. 5 is a graph showing the grayscale-transmit-
tance characteristics of the three primary colors of red (R),
green (G) and blue (B) in a situation where a picture element
of a liquid crystal display device with the multi-picture ele-
ment structure is viewed from an oblique viewing angle (of
which the orientation is nine o’clock direction and the polar
angle is 45 degrees).

[0036] FIG. 6 is a graph showing the voltage-transmittance
(V-T) curves of bright and dark sub-picture elements in a
liquid crystal display device with the multi-picture element
structure.

[0037] FIG. 7 is a schematic representation illustrating
another exemplary multi-picture element structure.

[0038] FIG. 8 is an equivalent circuit diagram of a picture
element with the multi-picture element structure.

[0039] Portions (a) through (f) of FIG. 9 schematically
show the waveforms of voltages to be applied and timings to
drive a liquid crystal display device with the multi-picture
element structure shown in FIG. 8.

[0040] FIG. 10 shows graphs showing the chromaticity
variations in u' and v' chromaticity coordinates with the gray-
scales at a frontal viewing angle and at an oblique viewing
angle (of which the orientation was nine o’clock direction and
the polar angle was 45 degrees) in a liquid crystal display
device as a preferred embodiment of the present invention.
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[0041] FIG. 11 is an equivalent circuit diagram of a picture
element with another multi-picture element structure.

[0042] FIG.12is aschematic representation illustrating the
picture element structure of a liquid crystal display device
200A as another preferred embodiment of the present inven-
tion.

[0043] FIG. 13 is an equivalent circuit diagram of one of
two sub-picture elements in a liquid crystal display device
300 as still another preferred embodiment of the present
invention.

[0044] FIG. 14is a schematic representation illustrating the
picture element structure of a liquid crystal display device
300A as yet another preferred embodiment of the present
invention.

[0045] FIG. 15is aschematic representation illustrating the
picture element structure of a liquid crystal display device
400A as yet another preferred embodiment of the present
invention.

[0046] FIG.16is aschematic representation illustrating the
picture element structure of a liquid crystal display device
500A as yet another preferred embodiment of the present
invention.

[0047] FIG.17is aschematic representation illustrating the
picture element structure of a liquid crystal display device
600A as yet another preferred embodiment of the present
invention.

[0048] FIG. 18A is a schematic cross-sectional view of the
liquid crystal display device 600A as viewed on the plane
18A-18A' shown in FIG. 17.

[0049] FIG. 18B is a schematic cross-sectional view of the
liquid crystal display device 600A as viewed on the plane
18B-18B' shown in FIG. 17.

[0050] FIG.18Cillustrates, for reference purposes, how the
device shown in FIG. 18B looks if the SOG film removed
portion is omitted.

[0051] FIGS. 19(a) through 19(g) are plan views illustrat-
ing the structures of alternative TFT sections that may be used
in a liquid crystal display device according to any of the
preferred embodiments of the present invention described
above.

[0052] FIG.20is aschematic representation illustrating the
picture element structure of a liquid crystal display device
700A as yet another preferred embodiment of the present
invention.

[0053] FIG. 21 is a graph showing the grayscale depen-
dences of AVd of respective color picture elements in a liquid
crystal display device according to a preferred embodiment of
the present invention.

DESCRIPTION OF REFERENCE NUMERALS

[0054] TFT1, TFT2 thin-film transistor

[0055] CS1, CS2 storage capacitor

[0056] Clcl, Cle2 liquid crystal capacitor

[0057] 111-1, 111-2, 111-2a, 111-2b sub-picture ele-
ment electrode

[0058] 112 gate bus line

[0059] 113 CS bus line

[0060] 114 source bus line

[0061] 116-1,116-2 TFT
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[0062]
[0063]

117-1, 117-2 drain extension line
119-1, 119-2, 119-24a, 119-25 contact portion

BEST MODE FOR CARRYING OUT THE
INVENTION

[0064] Hereinafter, the configuration and operation of a
liquid crystal display device as a preferred embodiment of the
present invention will be described with reference to the
accompanying drawings. In the following description, the
present invention is supposed to be implemented as a vertical
alignment liquid crystal display device (i.e.,a VA mode LCD)
that uses a liquid crystal material with negative dielectric
anisotropy because significant effects are achieved by the
present invention in that case. However, the present invention
is in no way limited to that specific preferred embodiment but
is also applicable to a TN mode L.CD, for example.

[0065] Also, in the following description of preferred
embodiments, the LCD disclosed in Patent Document No. 2 is
cited as a typical VA mode LCD with the multi-picture ele-
ment structure. However, the present invention does not have
to be applied to that type of LCD but may also be applied to
any other LCD with the multi-picture element structure.

[0066] First of all, it will be described what the present
inventors thought are the problems with an LCD having the
multi-picture element structure disclosed in Patent Document
No. 2.

[0067] As described above, when the present inventors fab-
ricated a sample LCD with the multi-picture element struc-
ture and analyzed its viewing angle characteristic in detail,
the color balance shifted toward the yellow range at around an
intermediate grayscale (e.g., around 145/255 grayscale) at an
oblique viewing angle.

[0068] In the following description, a single picture ele-
ment is supposed to be divided into two portions with an equal
area (one to one division) as shown in FIG. 1 and a result of
chromaticity variation in a multi-picture element structure, in
which the bright and dark sub-picture elements have an equal
area, will be described as an example. FIGS. 2(a) and 2(b)
show the chromaticity variations in u' and v' chromaticity
coordinates with the grayscales at the frontal viewing angle
and at an oblique viewing angle (of which the orientation was
nine o’clock direction and the polar angle was 45 degrees),
where u' and v' are chromaticity coordinates compliant with
the CIE 1976 USC standard.

[0069] As can be seen from FIGS. 2(a) and 2(b), u' and V'
did not change so much with the grayscale at the frontal
viewing angle but increased significantly at around 145%
grayscale at the oblique viewing angle. As a result, at around
the 145 grayscale, the image looked more yellowish than at
any other grayscale.

[0070] As a result of researches, the present inventors
understand the reason why the image that should have had an
intermediate grayscale became yellowish at the oblique view-
ing angle as follows. It should be noted that in this example,
a single color display pixel is supposed to consist of red, green
and blue picture elements (i.e., picture elements in the three
primary colors). Naturally, however, the present invention is
in no way limited to this example. But even if a single color
display pixel consisted of four or more color picture elements
(multi-primary color picture elements), the same statement
would apply as long as the picture elements include a blue
picture element. Also, if a cyan picture element is included
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along with, or instead of, the blue picture element, the cyan
picture element may be treated just as the blue picture ele-
ment.

[0071] FIGS. 3(a) and 3(b) are graphs showing how the
transmittances with respect to incoming color light rays in
blue, green and red with wavelengths of 450 nm, 550 nm and
650 nm, respectively, changed with the voltage applied to the
liquid crystal layer of a normally black mode, VA mode LCD.
Specifically, FIGS. 3(a) and 3(5) show the voltage-transmit-
tance characteristics at the frontal viewing angle and at an
oblique viewing angle (of which the orientation was nine
o’clock direction and the polar angle was 45 degrees), respec-
tively.

[0072] A VA mode LCD utilizes the birefringence effect of
its liquid crystal layer, of which the retardation has wave-
length dispersion property. That is why in a VA mode LCD,
the transmittance changes differently according to the wave-
length of the incoming light. Also, in the normally black
mode, the greater the voltage applied to the liquid crystal
layer, the higher the transmittance with respect to each color
light ray as can be seen from FIG. 3(a). It can also be seen that
the applied voltage that maximized the transmittance to the
blue ray was smaller than the applied voltage that maximized
the transmittance to any other color ray. And even after the
transmittance to the blue ray reached its maximum value, the
transmittances to the other color rays increased as the applied
voltage was raised. That is why considering normalized trans-
mittances, which are obtained by normalizing the transmit-
tances to the respective color rays with their maximum trans-
mittances, it can be said that only the normalized
transmittance to the blue ray decreases once the applied volt-
age increasing exceeds a certain value. In white display, if the
transmittance to the blue ray becomes lower than the trans-
mittance to any other color ray, then the color white will shift
toward the yellow range. Also, since the retardation of the
liquid crystal layer is apparently larger at an oblique viewing
angle than at the frontal viewing angle, the transmittance to
the blue ray decreased more significantly at the oblique view-
ing angle than at the frontal viewing angle as can be seen
easily by comparing the results of FIGS. 3(a) and 3(b) to each
other. For that reason, at the oblique viewing angle, the image
becomes yellowish much more sensibly than at the frontal
viewing angle.

[0073] Next, look at FIG. 4, which shows the grayscale-
transmittance characteristics ofa liquid crystal display device
with the multi-picture element structure described above at
the frontal viewing angle. In FIG. 4, not only the character-
istic of the entire picture element but also those of its bright
and dark sub-picture elements are shown. Nevertheless, the
characteristics of those sub-picture elements are normalized
with the transmittance of the entire picture element. In other
words, the transmittance of the entire picture element is rep-
resented as the sum of the transmittances of the bright and
dark sub-picture elements.

[0074] AsshowninFIG. 4, inaliquid crystal display device
with the multi-picture element structure described above, a
voltage is applied to the liquid crystal layers of the respective
sub-picture elements such that substantially only the bright
sub-picture element is lit at low grayscales and that the trans-
mittance of the dark sub-picture element starts to rise at a
certain intermediate grayscale.

[0075] If this picture element is viewed from the oblique
viewing angle (of which the orientation is nine o’clock direc-
tion and the polar angle is 45 degrees), the grayscale-trans-
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mittance characteristics of the three primary colors of red (R),
green (G) and blue (B) will be represented by the curves
shown in FIG. 5. The intermediate grayscale pointed to by the
arrow in FIG. 5 indicates a point at which the transmittance of
the bright sub-picture element of a B picture element (which
will be simply referred to herein as a “bright sub-picture
element B”) gets saturated with the increase in grayscale. The
transmittance of this bright sub-picture element B gets satu-
rated because the retardation of the liquid crystal layer
increases at the oblique viewing angle as described above. In
this manner, at the oblique viewing angle, the transmittance of
the B picture element decreases at the intermediate grayscale
indicated by the arrow unlike the other R and G picture
elements and the image (that should look gray) around that
intermediate grayscale gets yellowish.

[0076] As can be seen easily from the foregoing descrip-
tion, in order to overcome the coloring problem, this phenom-
enon that the transmittance to the blue ray gets saturated
earlier than any other color ray due to the increase in retarda-
tion (see FIG. 3(a)) needs to be suppressed. That is to say, to
obtain a structure in which the difference between the volt-
ages (which will be identified herein by AVa) applied at a
certain grayscale to the respective liquid crystal layers of the
bright and dark sub-picture elements of a particular picture
element is distinct from the voltage difference of the other
picture elements, that voltage difference may be the smallest
in the blue picture element among multiple color picture
elements.

[0077] In a liquid crystal display device with the multi-
picture element structure of this preferred embodiment, the
AV value of the blue picture element may be made smaller
than that of the other color picture elements by setting the
storage capacitance value of the blue picture element to be
smaller than that of the green and red picture elements. That
is to say, among the multiple color picture elements (i.e.,
primary color picture elements) that form a single color dis-
play pixel, the blue picture element may have a smaller stor-
age capacitance value than any other picture element. If a
single color display pixel consists of blue, green and red
picture elements as in this example, the capacitance values
Ces.z Cos.g and C s g of the respective storage capacitors of
the blue, green and red picture elements need to satisty the
inequality C g 5<C g =C s g Optionally, if a structure in
which Cpg ~Cesr is adopted, the liquid crystal display
device can have a simplified structure. In the example to be
described below, the two storage capacitors of the sub-picture
elements of a single picture element are supposed to have an
equal capacitance value. However, at least one of the storage
capacitance values should satisfy the inequality.

[0078] Next, it will be described why the saturation of the
transmittance to the blue ray is prevented by satisfying the
inequality Crg 5<Crs.6=Cersr-

[0079] According to the multi-picture element technique
disclosed in Patent Document No. 2 (each picture element of
which s represented by the equivalent circuit diagram of FIG.
8 and all picture elements of which have the same capacitance
value), a voltage (V+Vm), which is higher by Vm than the
voltage V to be applied to the liquid crystal layer of a con-
ventional picture element with no multi-picture element
structure, is applied to the liquid crystal layer of one sub-
picture element, and a voltage (V-Vm), which is lower than
the voltage V by Vm, is applied to the liquid crystal layer of
the other sub-picture element, thereby producing bright and
dark sub-picture elements.
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[0080] In this case, supposing Vad is the peak-to-peak
amplitude of the oscillating waveform of a storage capacitor
voltage (CS voltage) to be applied through a storage capacitor
line to a storage capacitor counter electrode, Ccs is the capaci-
tance value of the storage capacitor of each sub-picture ele-
ment, and Clc is the capacitance value of the liquid crystal
capacitor of each sub-picture element, Vm is represented by
the following equation:

Vm=(Y2)-Vad-Ccs/(Clc+Ccs)

This Vad is twice as high as Vad disclosed in Patent Document
No. 2.

[0081] That is why the voltage-transmittance (V-T) curves
of the bright and dark sub-picture elements become as sche-
matically shown in FIG. 6. Specifically, with respect to the
V-T curve of a conventional picture element with no multi-
picture element structure (as indicated by the central dotted
curve), the V-T curve of the bright sub-picture element shifts
by Vm toward the lower voltage range and that of the dark
sub-picture element shifts by Vm toward the higher voltage
range.

[0082] For that reason, if the capacitance values of the
respective storage capacitors of the blue, green and red pic-
ture elements are identified by C gz, Crs and Ceog g,
respectively, the inequality C g z<Crs.c=Ccg.z 1s prefer-
ably satisfied. In that case, Vm of the blue picture element
becomes smaller than any other color picture element, and
therefore, the saturation and decrease in the transmittance of
the bright sub-picture element of the blue picture element can
be prevented. As a result, the unwanted phenomenon that the
image around the intermediate grayscale gets yellowish at the
oblique viewing angle can be suppressed.

[0083] It should be noted that if each pixel further includes
a cyan picture element, then the inequality C g z=C g
c<Crs.6=Ccs r 1s preferably satisfied, where Ccg - is the
capacitance value of the storage capacitor of the cyan picture
element. Also, if each pixel includes a cyan picture element
with no blue picture element, then the capacitance value
Ccs.c of the storage capacitor of the cyan picture element
needs to be smaller than that of the storage capacitor of any
other color picture element (which may be not just a green or
red picture element but also a magenta or yellow picture
element). In that case, the capacitance values of the storage
capacitors of all color picture elements but the cyan picture
element may be equal to each other. That is to say, among
multiple color picture elements, just the blue or cyan picture
element needs to have a smaller storage capacitance value
than the other color picture elements (which may be not just
red and green picture elements). And if blue and cyan picture
elements are both included, settings need to be done so as to
satisfy the inequality C s 3=Crs -

[0084] Hereinafter, preferred embodiments ofaliquid crys-
tal display device according to the present invention will be
described by way of specific examples. In the following
example, each picture element is supposed to be equally split
into a bright sub-picture element and a dark sub-picture ele-
ment such that these two sub-picture elements have an equal
area. The pattern of the multi-picture element structure of the
liquid crystal display device of this preferred embodiment is
shown in FIG. 1, but may also be the one shown in FIG.7. The
picture element shown in FIG. 1 includes sub-picture ele-
ments #1 and #2 as upper and lower halves of the picture
element. On the other hand, the picture element shown in FIG.
7 includes sub-picture element #1 arranged at the center and
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sub-picture element #2 that has been split into two halves
arranged over and under the sub-picture element #1. How-
ever, those two halves of the sub-picture element #2 are
electrically equivalent to each other and form a single sub-
picture element, too. That is why both of the two types of
multi-picture element structures shown in FIGS. 1 and 7 are
represented by the equivalent circuit shown in FIG. 8. And the
liquid crystal display device 100 having the multi-picture
element structure represented by the equivalent circuit shown
in FIG. 8 is driven with the application of various voltages
shown in FIG. 9. As the details are already disclosed in Patent
Document No. 2, only the gist will be given below.

[0085] A single picture element of the liquid crystal display
device 100 shown in FIG. 8 includes sub-picture elements #1
and #2. These sub-picture elements #1 and #2 include liquid
crystal capacitors Clc1 and Clc2, respectively, each of which
is formed by a liquid crystal layer, a counter electrode to apply
a voltage to the liquid crystal layer, and a sub-picture element
electrode. A counter electrode is a single electrode that is
provided in common for sub-picture elements #1 and #2, and
is typically shared by every picture element. A storage capaci-
tor CS1 with a capacitance value Ccsl and a storage capacitor
CS2 with a capacitance value Ccs2 are electrically connected
in parallel to the liquid crystal capacitors Clcl and Clc2,
respectively. Each of the storage capacitors CS1 and CS2 is
formed by an insulating layer (such as a gate insulating layer)
and a storage capacitor counter electrode that faces the stor-
age capacitor electrode with the insulating layer interposed
between them. The storage capacitor electrode is connected
to the drain electrode of the same TFT as the sub-picture
element electrode, while the storage capacitor counter elec-
trode is connected to a storage capacitor line (CS bus line). In
this case, CS bus line #1 connected to the storage capacitor of
sub-picture element #1 and CS bus line #2 connected to the
storage capacitor of sub-picture element #2 are electrically
independent of each other. Also, CS bus lines #1 and #2 may
be provided for each picture element so as to be electrically
independent of the other CS bus lines. Alternatively, as dis-
closed in Patent Document No. 2, the number of electrically
independent CS bus lines may be reduced by combining a
number of CS bus lines that supply oscillating voltages with
a certain phase relation into a single CS trunk line. In either
case, the CS bus line voltages (which are also called “CS
voltages” or “storage capacitor counter voltages™) to be sup-
plied to the storage capacitors of two or more sub-picture
elements in a single picture element have mutually different
waveforms.

[0086] The sub-picture element electrode of each liquid
crystal capacitor Clcl, Clc2 and the storage capacitor elec-
trode of each storage capacitor are connected to the drain
electrode of its associated TFT #1 or #2. The respective gate
electrodes of the TFTs #1 and #2 are connected in common to
the same gate bus line, while the respective source electrodes
of the TFTs #1 and #2 are connected in common to the same
source bus line.

[0087] By supplying the storage capacitor counter voltages
to be described later through electrically independent CS bus
lines to the storage capacitors of the sub-picture elements
with such a relatively simple multi-picture element structure,
the effective voltages applied to the liquid crystal capacitors
Clc1 and Clc2 of the respective sub-picture elements can be
either raised or lowered by Vm.

[0088] Portions (a) through (f) of FIG. 9 schematically
show the waveforms and timings of respective voltages that
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are applied to drive the liquid crystal display device with the
multi-picture element structure shown in FIG. 8.

[0089] Specifically, portion (a) of FIG. 9 shows the voltage
waveform Vs of the signal voltage supplied through the
source bus line (signal line); portion (b) of FIG. 9 shows the
voltage waveform Vcs1 of the storage capacitor voltage sup-
plied through the CS bus line #1; portion (c) of FIG. 9 shows
the voltage waveform Ves2 of the CS bus line #2; portion (d)
of FIG. 9 shows the voltage waveform Vg of the gate bus line;
portion (e) of FIG. 9 shows the voltage waveform Vlc1 of the
sub-picture element electrode of the sub-picture element #1;
and portion (f) of FIG. 9 shows the voltage waveform Vlc2 of
the sub-picture element electrode of the sub-picture element
#2. In FIG. 9, the dashed line indicates the voltage waveform
COMMON (Vcom) of the counter electrode.

[0090] Hereinafter, it will be described with reference to
portions (a) through (f) of FIG. 9 how the equivalent circuit
shown in FIG. 8 operates.

[0091] First, at a time T1, the voltage Vg rises from Vgl
(low) to VgH (high) to turn TFT1 and TFT2 ON simulta-
neously. As a result, the voltage Vs on the source bus line is
transmitted to the sub-picture element electrodes of the sub-
picture elements #1 and #2 to charge the sub-picture elements
#1 and #2 with the voltage Vs. In the same way, the storage
capacitors CS1 and CS2 of the respective sub-picture ele-
ments are also charged with the voltage on the source bus line.
The voltage Vs on the source bus line is a display voltage
representing the grayscale to be displayed by that picture
element and is written on an associated picture element dur-
ing a period in which the TFT is ON (and which will be
sometimes referred to herein as a “selected period”).

[0092] Next,atatime T2, the voltage Vg on the gate bus line
falls from VgH to VgL to turn TFT1 and TFT2 OFF simulta-
neously and electrically isolate the sub-picture elements #1
and #2 and the storage capacitors CS1 and CS2 from the
source bus line (a period in such a state will sometimes be
referred to herein as a “non-selected period”). It should be
noted that immediately after the TFTs in ON state have been
turned OFF, due to the feedthrough phenomenon caused by a
parasitic capacitance of the TFT1 and TFT2, for example, the
voltages Vlcl and Vic2 applied to the respective sub-picture
element electrodes decrease by approximately the same volt-
age Vd to:

Vicel=Vs-Vd

Vic2=Vs-Vd

respectively. Also, in this case, the voltages Vsl and Ves2 on
the CS bus lines are:

Vesl-Veom—(Y2)Vad

Ves2=Veom+(Y2)Vad

respectively. That is to say, the waveforms of these exemplary
voltages Ves1 and Ves2 on the CS bus lines are square waves,
of which the (full) amplitude is Vad, of which the phases are
opposite to each other (i.e., different from each other by 180
degrees) and which have a duty ratio of one to one.

[0093] Next, at a time T3, the voltage Vcs1 on the CS bus
line #1 connected to the storage capacitor CS1 rises from
Vcom-(¥2)Vad to Vecom+(%2)Vad and the voltage Vcs2 onthe
CS bus line #2 connected to the storage capacitor CS2 falls
from Vcom+(¥2)Vad to Vcom-(2)Vad. That is to say, these
voltages Ves1 and Ves2 both change by Vad. As the voltages
on the CS bus lines #1 and #2 change in this manner, the
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voltages Vicl and Vic2 applied to the respective sub-picture
element electrodes change into:

Viel=Vs-Vd+KxVad

Vic2=Vs-Vd-KxVad

respectively, where K=Ccs/(Clc(V)+Ccs)

[0094] Next, atatime T4, Ves1 falls from Veom+(Y2)Vad to
Vcom-(2)Vad and Ves2 rises from Vcom-(¥2)Vad to Veom+
(¥2)Vad. That is to say, these voltages Ves1 and Vcs2 both
change by Vad again. In this case, VIc1 and V1c2 also change
from

Vicl=Vs-Vd+KxVad
Vic2=Vs-Vd-KxVad
into

Viel=Vs-Vd
Vic2=Vs-Vd

respectively.
[0095] Next, at a time TS, Vcsl rises from Vecom—(Y2)Vad
to Vcom+(¥2)Vad and Ves2 falls from Vecom+(¥2)Vad to
Vcom-(Y2)Vad. That is to say, these voltages Vcsl and Ves2
both change by Vad again. In this case, Vicl and Vlc2 also
change from

Viel=Vs-Vd
Vic2=Vs-Vd

into
Vicl=Vs-Vd+KxVad
Vic2=Vs-Vd-KxVad

respectively.

[0096] After that, every time a period of time that is an
integral number of times as long as one horizontal write
period 1H has passed, the voltages Ves1, Ves2, Vicl and Vic2
alternate their levels at the times T4 and T5. The intervals
between the repeated changes at T4 and T5 may be appropri-
ately determined to be one, two, three or more times as long
as 1H in view of the method for driving the liquid crystal
display device (such as the method of inverting the polarity)
and the display status (such as the degree of flicker or rough-
ness of the image on the screen). Such alternate level changes
are continued until the picture element is rewritten next time
(i.e., until a point in time equivalent to T1 arrives). Conse-
quently, the effective values of the voltages Vicl and Vic2
applied to the sub-picture element electrodes become:

Viel =Vs-Vd+Kx(Y2)Vad
Vic2=Vs-Vd-Kx(Y2)Vad

respectively.

[0097] Therefore, the effective voltages V1 and V2 applied
to the liquid crystal layers of the sub-picture elements #1 and
#2 become:

V1=Vicl-Vcom
V2=Vic2-Veom

That is to say,
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V1=Vs-Vd+Kx(Y2)Vad-Vcom

V2=Vs-Vd-Kx(¥2)Vad-Vcom

respectively.

[0098] As a result, the difference AV12 (=V1-V2, which
will be sometimes referred to herein as “AVa””) between the
effective voltages applied to the liquid crystal layers of the
sub-picture element #1 and #2 becomes

AV12=KxVad

(where K=Ccs/(Clc+Ccs)). It should be noted that the voltage
dependence of Clc is not taken into consideration in this
example.

[0099] Hereinafter, a specific example of a liquid crystal
display device according to this preferred embodiment, in
which Ccs/Clc is set to be 0.85 and Vad is defined tobe 2.5V,
will be described.

[0100] Suppose the respective storage capacitors of red,
green and blue picture elements have capacitance values C g
R,Cs g, and C g g, respectively. In this case, C g z=Cs. 518
supposed to be satisfied and the parameter X representing the
ratio of the capacitance value of the storage capacitor of the
blue picture element to that of the storage capacitors of the
other color picture elements is supposed to be given by
X=C¢s5.5/Ces.6=Ces/Cesr-

[0101] The variations in the chromaticity represented by u'
and v' chromaticity coordinates with the grayscale at the
frontal viewing angle and at an oblique viewing angle (of
which the orientation was nine o’clock direction and the polar
angle was 45 degrees) in a situation where X was set to be
1.00, 0.68, 0.56 or 0.45 are shown in FIGS. 10(a) through
10(d). Specifically, FIGS. 10(a) and 10(5) are graphs showing
the grayscale dependences of u' and v' at the frontal viewing
angle, while FIGS. 10(c) and 10(d) are graphs showing the
grayscale dependences of u' and v' at the oblique viewing
angle.

[0102] As can be seen from FIGS. 10(a) and 10(5), at the
frontal viewing angle, the grayscale dependence remained the
same in both u' and v' no matter how much the X value
changed. On the other hand, as can be seen from FIGS. 10(c)
and 10(d), at the oblique viewing angle, the smaller the X
value, the more significantly u' and v' decreased in the vicinity
of 140/255 grayscale. Among other things, v' changed par-
ticularly steeply and the shift toward the yellow range at the
oblique viewing angle could be reduced effectively by
decreasing the X value (i.e., X<1). The best X value for the
liquid crystal display device of this example would be 0.56
according to the results shown in FIG. 10.

[0103] Inthe liquid crystal display device of this example,
the best X value was 0.56. However, if the CS oscillating
voltage Vad, the storage capacitance Ccs, and/or the liquid
crystal capacitance Clc change(s), then the best X value will
also change. That is why the best X value may be defined
appropriately in that case. Also, in this example, C s =C .z
is supposed to be satisfied. However, if C g <C gz, the
color shift caused by the earlier saturation of the green ray
than the red ray in the voltage-transmittance curves shown in
FIGS. 3(a) and 3(b) can be minimized.

[0104] Also, if the multi-picture element structure dis-
closed in Patent Document No. 2 is adopted, a predetermined
effective voltage difference can be produced between sub-
picture elements by adjusting the Vad value irrespective of the
variation that should occur between respective liquid crystal
display devices being manufactured and unlike the multi-
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picture element structure disclosed in Patent Document No.
4. In the example described above, the amplitudes of the two
CS bus line voltages Vesl and Ves2 are both supposed to be
Vad. However, those amplitudes may also be defined inde-
pendently of each other.

[0105] Inaliquid crystal display device that uses TFTs, the
voltage at a sub-picture element electrode should decrease by
AVd by nature when the gate voltage Vg falls from VgH to
VgL as shown in FIG. 9. In this case, the AVd value depends
on the ratio of the parasitic capacitance Cgd between the gate
electrode and drain electrode of a TFT to the sum of the
capacitances of all capacitors that are connected to the drain
electrode (namely, the liquid crystal capacitor Clc, storage
capacitor Ccs and other parasitic capacitors). Normally, Cgd,
Clc and Ccs are dominant capacitances and the AVd value can
be given by AVd=Cgd/(Clc+Ccs). That is why if only the Ccs
values are simply changed as described above to obtain a
desired AVa. on a color picture element basis, then the AVd
value should also be different from one color picture element
to another. If the AVd values are different between respective
color picture elements, the average of the voltages to be
applied to the respective liquid crystal layers of the color
picture elements (i.e., the DC level) will also vary. In that
case, in a typical configuration in which a counter electrode is
provided in common for all picture elements, the DC voltage
components applied to the liquid crystal layers of all picture
elements could not be reduced sufficiently even if the counter
voltage was regulated. And if the DC voltage components
applied to the liquid crystal layers were high, then the display
quality or reliability would be affected. That is a problem.
[0106] Such a problem could be avoided by providing a
counter electrode for each group of color picture elements of
the same color and by regulating the counter voltage applied
to the counter electrode associated with each group of color
picture elements. Naturally, if the electrical configuration of
only blue picture elements (and/or cyan picture elements)
should be different from that of the other color picture ele-
ments, then a first counter electrode associated with a group
of blue picture elements (and/or cyan picture elements) and a
second counter electrode associated with groups of picture
elements of the other colors should be provided and the
counter voltages should be regulated so as to compensate for
AVd for the first and second counter electrodes independently
of each other.

[0107] If such a measure was taken, however, the counter
electrode should be split into at least two sections and respec-
tively predetermined voltages (i.e., counter voltages) should
be applied to those two sections of the counter electrode
independently of each other, thus complicating the configu-
ration of the liquid crystal display device and increasing its
cost.

[0108] Thus, to overcome such a problem, a liquid crystal
display device that can sufficiently reduce the DC voltage
components applied to the liquid crystal layer of every color
picture element without complicating the structure too much
to avoid that increase in cost will be described as another
preferred embodiment of the present invention.

[0109] FIG. 11 is an equivalent circuit diagram represent-
ing a picture element with a multi-picture element structure of
a liquid crystal display device 200 as another preferred
embodiment of the present invention. Unlike the picture ele-
ment shown in FIG. 8, each of the sub-picture elements #1
and #2 of the picture element shown in FIG. 11 has two
storage capacitors. The respective storage capacitor counter
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electrodes of the two storage capacitors of sub-picture ele-
ment #1 are electrically independent of each other, and those
of the two storage capacitors of sub-picture element #2 are
also electrically independent of each other.

[0110] As shown in FIG. 11, sub-picture element #1
includes storage capacitors CS1A and CS1B and sub-picture
element #2 includes storage capacitors CS2A and CS2B. The
storage capacitor counter electrodes of the storage capacitors
CS1A and CS2B are electrically connected to the same CS
bus line #1, the storage capacitor counter electrodes of the
storage capacitors CS1B and CS2A are electrically connected
to the same CS bus line #2, and those CS bus lines #1 and #2
are electrically independent of each other. In this example,
square waves, of which the phases are different from each
other by 180 degrees and of which the amplitude is Vad as
shown in FIG. 9, are used as the CS voltages.

[0111] Suppose the capacitance values of these storage
capacitors CS1A, CS1B, CS2A and CS2B are identified by
CeslA, Ces1B, Ces2A and Ces2B, respectively. In that case,
as the CS voltages supplied through the CS bus lines #1 and
#2 have mutually opposite phases, the effective storage
capacitance value Ccsla of sub-picture element #1 is given
by Ccs1A-Ccs1B and the effective storage capacitance value
Ccs2a of sub-picture element #2 is given by Ccs2A-Ccs2B.
As a result, by setting Ccsla or Ces2a of blue and/or cyan
picture element(s) among multiple color picture elements
(i.e., primary color picture elements) that form a single color
display pixel to be smaller than that of the other color picture
elements as described above, the AVa.value of the blue and/or
cyan picture element(s) can be smaller than that of the other
color picture elements.

[0112] In this case, supposing Ccs1p=Ccs1A+Ccs1B and
Ccs2p=Ccs2A+Ccs2B, if the Ceslf and Ccs2f values
remain almost the same in every picture element, then the
problem that would be caused if AVd is different from one
color picture element to another can be avoided. Thatis to say,
by making the Ccs1f and Ces2f3 values substantially the same
in every picture element, TFTs #1 and #2 of every picture
element can have the same design, and therefore, the AVd
values can also be substantially the same in every picture
element. With such a configuration, there is no need to per-
form the additional process step of patterning the counter
electrode or to generate a plurality of counter voltages. And
such a configuration is realized just by changing the patterns
of'a photomask for use in the manufacturing process of TFTs.
As a result, the increase in cost can be minimized, too.
[0113] As described above, normally, AVd is calculated by
Cgd/(Clc+Ccs) but (since the dielectric constant of the liquid
crystal layer varies as liquid crystal molecules with dielectric
anisotropy change their orientations) Clc changes with the
voltage applied to the liquid crystal layer. That is why to make
AVd substantially the same in every picture element and at
every grayscale, the ratio of Ccs to Cle (which will be some-
times simply referred to herein as a “Ccs ratio”) is preferably
substantially constant in every picture element.

[0114] On top of that, the liquid crystal display device 200
shown in FIG. 11 can be designed more flexibly than the
liquid crystal display device 100 shown in FIG. 8.

[0115] Inthe configuration shown in FIG. 8, the AV value
changes proportionally to the Cesl value. That is why to
reduce the AVa value to one-tenth, the Ccs1 value also needs
to be reduced to one-tenth in the liquid crystal display device
100 shown in FIG. 8. As the capacitance value of a storage
capacitor depends on the area of the electrode, the electrode’s
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area should also be reduced to one-tenth if the Ccs1 value
should be reduced to one-tenth. This is not beneficial consid-
ering the electrode patterning precision currently available
and the eventual production yield. That is to say, the magni-
tude of the variation in a situation where the AVa value of a
blue picture element should be reduced in the liquid crystal
display device 100 shown in FIG. 8 (i.e., the difference from
the AVa value of the other color picture elements) would be
restricted by the patterning precision or the production yield.
In other words, the flexibility of design would decrease. It is
naturally possible to increase the AV o value of the other color
picture elements to relax such a restriction. However, since
the AVa value is essentially determined from the viewpoint
ofthe viewing angle characteristic, such a measure should not
be adopted. On the other hand, in the liquid crystal display
device 200 shown in FIG. 11, the AVa value is determined
based on the difference between the capacitance values of the
storage capacitors CS1A and CS1B. That is to say, the AVa
value does not directly depend on the capacitance values of
the storage capacitors CS1A and CS1B themselves, and
therefore, is free from the restriction on the patterning preci-
sion or production yield. For example, to reduce the AVa
value of the blue picture element to one-tenth, the color pic-
ture elements other than the blue picture element may have
capacitance values of 100 pF and 50 pF in their respective
storage capacitors CS1A and CS1B (i.e., CS1A-CS1B=50
pF)and the blue picture element may have capacitance values
of 55 pF and 50 pF in their respective storage capacitors
CS1A and CS1B (i.e., CS1A-CS1B=5 pF). That is to say, the
capacitance values of the storage capacitors CS1A and CS1B
of the blue picture element can be close to those of the other
color picture elements, and the AV value can be set flexibly
on a color-by-color basis. Furthermore, as described above,
Ccslf and Ces2f are more preferably substantially the same
in every picture element. Specifically, the blue picture ele-
ment more preferably satisfies CS1A=77.5 pF and
CS1B=72.5 pF, of which the sum is equal to the sum of the
capacitance values of the storage capacitors CS1A and CS1B
(=150 pF) in every picture element.

[0116] The liquid crystal display device 200 shown in FIG.
11 can be used to not only minimize the shift in color balance
at an oblique viewing angle as described above but also
increase the precision of setting the AVa value as well.

[0117] The AVa value depends on the product of the
capacitance value of a storage capacitor and the amplitude of
the CS voltage supplied from an external circuit. In the liquid
crystal display device 100 shown in FIG. 8, to increase the
precision of setting the storage capacitance value, the storage
capacitance value needs to be a relatively large value. In that
case, the CS voltage supplied from an external circuit will
have decreased amplitude and the precision of setting the
amplitude of the CS voltage will decrease. Conversely, to
increase the precision of setting the amplitude of the CS
voltage by increasing the amplitude of the CS voltage sup-
plied from the external circuit, the storage capacitance value
should be reduced to a smaller value, and therefore, the pre-
cision of setting the storage capacitance value will decrease.
In contrast, with the configuration shown in FIG. 11, the
storage capacitance value can be set to be a relatively large
value with the amplitude of the voltage supplied from an
external circuit kept sufficient large. As a result, the precision
of setting the AV value can be increased.

[0118] Furthermore, by electrically connecting the storage
capacitor counter electrodes of the storage capacitors CS1A
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and CS2B to the same CS bus line #1 and the storage capacitor
counter electrodes of the storage capacitors CS1B and CS2A
to the same CS bus line #2 (which is electrically independent
of CS bus line #1), respectively, as shown in FIG. 11, the
number of electrically independent CS bus lines can be cut
down, which is also beneficial.

[0119] FIG. 12 illustrates a picture element structure for a
liquid crystal display device 200A as a preferred embodiment
of the present invention. The equivalent circuit of the liquid
crystal display device 200A is the same as that of the liquid
crystal display device 200 shown in FIG. 11. In FIG. 12,
illustrated schematically are the structure of two picture ele-
ments that are located at the intersection between the m” row
and n” column and at the intersection between the m” row
and (n+1)* column on the TET substrate, among multiple
picture elements that are arranged in column and rows. The
picture element at the intersection between the m” row and
n™ column is either a red picture element or a green picture
element, while the picture element at the intersection between
the m™ row and (n+1)” column is a blue picture element. In
the following description, any pair of components shown in
multiple drawings and having substantially the same function
will be identified by the same reference numeral. And once a
component has been described, the description of its counter-
part will be omitted herein to avoid redundancies.

[0120] Inthis liquid crystal display device 200A, each pic-
ture element P includes a first sub-picture element SP1 and a
second sub-picture element SP2a and SP2b, of which the
liquid crystal layers can be supplied with mutually different
voltages, and at a certain grayscale, the first sub-picture ele-
ment has a higher luminance than the second sub-picture
element. The second sub-picture element includes second
sub-picture element portions SP2a and SP2b, which are
arranged so as to interpose the first sub-picture element SP1
between them. That is to say, this liquid crystal display device
200A has the multi-picture element structure shown in FIG. 7.
However, the area of the second sub-picture element (i.e., the
combined area of the second sub-picture element portions
SP2qg and SP2b) is approximately three times as large as that
of the first sub-picture element SP1. In this case, the second
sub-picture element portions SP2a and SP25 are located spa-
tially apart from each other, but are electrically equivalent to
each other, have the same voltage applied to their liquid
crystal layers, and also exhibit the same electro-optical char-
acteristic (i.e.,, V-T characteristic). That is why from the
viewpoint of V-T characteristic, these second sub-picture
element portions SP2a and SP25 form a single sub-picture
element (i.e., the second sub-picture element). That is to say,
the picture element P exhibits two different types of V-T
characteristics and can also be regarded as having a structure
in which a single picture element has been split into first and
second sub-picture elements SP1 and SP2. In the following
description, these second sub-picture element portions SP2a
and SP2b will be collectively referred to herein as the “second
sub-picture element SP2” for the sake of simplicity.

[0121] As shown in FIG. 12, the first sub-picture element
SP1 is arranged in the area defined by a first sub-picture
element electrode 111-1, while the second sub-picture ele-
ment portions SP2a and SP2b are arranged in the areas
defined by second sub-picture element electrode halves 111-
2aq and 111-25.

[0122] Now look at the picture element P located at the
intersection between the m” row and n” column (which will
be simply referred to herein as an (m, n) picture element). The
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(m, n) picture element is driven by TFTs 116-1 and 116-2 that
are connected to a gate bus line 112(m) and a source bus line
114(n). The drain of the TFT 116-1 is connected to the first
sub-picture element electrode 111-1 at a contact portion
119-1 by way of a drain extension line 117-1. On the other
hand, the drain of the TFT 116-2 is connected to the second
sub-picture element electrode half111-24 at a contact portion
119-2a by way of a drain extension line 117-2 and is also
connected to the second sub-picture element electrode half
111-25 at a contact portion 119-256 by way of the drain exten-
sion line 117-2. The sub-picture element electrodes 111-1,
111-2a and 111-25, along with the liquid crystal layer (not
shown) and the counter electrode (not shown, either) opposed
to the electrodes through the liquid crystal layer, form liquid
crystal capacitors. Specifically, the sub-picture element elec-
trode 111-1 forms Clc1 shown in FIG. 11 and the sub-picture
element electrodes 111-2a and 111-25 form Clc2 shown in
FIG. 11.

[0123] In this example, the source bus line 114(#) includes
two main lines that run in the column direction and a bridge
portion that connects those two main lines together. One of
the two main lines of the source bus line 114(») overlaps with
the sub-picture element electrodes 111-1,111-2a and 111-25
on the n” column, while the other main line overlaps with the
sub-picture element electrodes on the (n—1)” column. In this
case, to reduce the parasitic capacitance Csd between the
source bus line 114(7) and the sub-picture element electrodes
sufficiently, an interlayer dielectric film of a resin is provided
between them. In other words, by providing such an interlayer
dielectric film, the sub-picture element electrodes can be
arranged so as to overlap with the source bus line 114(7) and
the aperture ratio of the pixel can be increased as a result.
[0124] The TFTs 116-1 and 116-2 have a bottom-gate
structure and each include: a gate electrode, which is pro-
vided as an extended portion of the gate bus line 112(m); a
semiconductor layer (not shown), which is arranged over the
gate electrode; and source/drain electrodes, which are
arranged in the source region of the semiconductor layer. The
source electrode is provided as an extended portion of the
source bus line 114(»). The drain electrodes of the TFTs
116-1 and 116-2 form an integral part of the drain extension
lines 117-1 and 117-2, respectively. Furthermore, the inter-
layer dielectric film is provided so as to cover all of these
members. And the sub-picture element electrodes 111-1,111-
2q and 111-25 are arranged on the interlayer dielectric film.
At the contact portions 119-1, 119-2a and 119-25 that are
arranged to fill the contact holes that have been cut through
the interlayer dielectric film, the drain extension lines 117-1
and 117-2 are connected to the sub-picture element electrodes
111-1, 111-2a and 111-25.

[0125] Next, the configuration of the storage capacitors of
the (m, n) picture element will be described. In this example,
the (m, n) picture element may be either a red picture element
or a green picture element.

[0126] Through the picture elements on the m” row, two
CS bus lines (i.e., storage capacitor lines) 113-1 and 113-2
run. The CS bus lines 113-1 and 113-2 respectively corre-
spond to CS bus lines #1 and #2 shown in FIG. 11.

[0127] The sub-picture element SP1 includes two storage
capacitors CS1A and CS1B. The storage capacitor CS1A is
arranged at an intersection between the drain extension line
117-1 and the CS bus line 113-1. On the other hand, the
storage capacitor CS1B is arranged in an area where an
extended portion 117-1E of the drain extension line 117-1 and
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a broadened portion of the CS bus line 113-1 overlap with
each other. Both of the CS bus lines 113-1 and 113-2 are made
of the same conductive layer as the gate bus line 112(m) and
are covered with the gate insulating film (not shown). The
dielectric layers of the storage capacitors CS1A and CS1B are
both gate insulating films and the capacitance values thereof
are both proportional to the areas of the electrodes. In this
example, the capacitance value of the storage capacitor CS1A
is smaller than that of the storage capacitor CS1B as shown in
FIG. 12.

[0128] The sub-picture element SP2 includes two storage
capacitors CS2A and CS2B. The storage capacitor CS2A is
arranged at an intersection between the drain extension line
117-2 and the CS bus line 113-2. On the other hand, the
storage capacitor CS2B is arranged in an area where an
extended portion 117-2E of the drain extension line 117-2 and
a broadened portion of the CS bus line 113-1 overlap with
each other. The dielectric layers of the storage capacitors
CS2A and CS2B are both gate insulating films and the capaci-
tance values thereof are both proportional to the areas of the
electrodes. In this example, the capacitance value of the stor-
age capacitor CS2A is smaller than that of the storage capaci-
tor CS2B as shown in FIG. 12.

[0129] Next, the configuration of the storage capacitors of
the (m, n+1) picture element (i.e., a blue picture element) will
be described.

[0130] The sub-picture element SP1 of the blue picture
element includes two storage capacitors CS1A and CS1B.
The storage capacitor CS1A is arranged in an area where a
first extended portion 117-1E1 of the drain extension line
117-1 and a broadened portion of the CS bus line 113-1
overlap with each other. On the other hand, the storage
capacitor CS1B is arranged in an area where a second
extended portion 117-1E2 of the drain extension line 117-1
and a broadened portion of the CS bus line 113-2 overlap with
each other and at an intersection between the drain extension
line 117-1 and the CS bus line 113-2. In this example, the
capacitance value of the storage capacitor CS1A is larger than
that of the storage capacitor CS1B as shown in FIG. 12.

[0131] The sub-picture element SP2 of the blue picture
element includes two storage capacitors CS2A and CS2B.
The storage capacitor CS2A is arranged in an area where an
extended portion 117-2E1 of the drain extension line 117-2
and a broadened portion of the CS bus line 113-2 overlap with
each other. On the other hand, the storage capacitor CS2B is
arranged in an area where a second extended portion 117-2E2
of the drain extension line 117-2 and a broadened portion of
the CS bus line 113-1 overlap with each other and at an
intersection between the drain extension line 117-2 and the
CS bus line 113-1. In this example, the capacitance value of
the storage capacitor CS2A is larger than that of the storage
capacitor CS2B as shown in FIG. 12.

[0132] Inthis manner, the connectivity between the storage
capacitors CS1A and CS1B and their associated CS bus lines
and the magnitudes of the capacitance values of the storage
capacitors CS1A and CS1B in the (m, n) picture element turn
over in the (m, n+1) picture element. This arrangement is
adopted to cope with a drive mode in which the polarities of
write voltages (i.e., the polarities of the voltages supplied
through the source bus line 114 with reference to the counter
voltage (that is called a “display signal voltage™)) invert
between the (m, n) and (m, n+1) picture elements. Such a
drive mode is sometimes called a “dot inversion drive”.
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[0133] Ineach ofthe (m, n)and (m, n+1) picture elements,
the storage capacitor counter electrodes of the storage capaci-
tors CS1A and CS2B are electrically connected to the same
CS bus line 113-1, while the storage capacitor counter elec-
trodes of the storage capacitors CS1B and CS2A are electri-
cally connected to the same CS bus line 113-2. Suppose the
square waves, of which the phases are different from each
other by 180 degrees and which have amplitude Vad as shown
in FIG. 9, are supplied as the CS voltages through the CS bus
lines 113-1 and 113-2 as in the example described above and
the capacitance values of the storage capacitors CS1A, CS1B,
CS2A and CS2B are identified by Ccs1A, CeslB, Ces2A and
Ccs2B, respectively. In that case, since the phases of the CS
voltages supplied through the CS bus lines 113-1 and 113-2
are opposite to each other, the effective storage capacitance
value Ccslo. for the sub-picture element SP1 becomes
Ccs1A-Cces1B and the effective storage capacitance value
Ccs2a. for the sub-picture element SP2 becomes Ccs2A-
Ccs2B. That is why as already described with reference to
FIG. 11, by setting the Ccsla or Ccs2a value of the blue
picture element among multiple color picture elements that
form a single color display pixel (i.e., picture elements in the
three primary colors of R, G and B in this example) to be
smaller than that of the other color picture elements, the AV
value of the blue picture element can be smaller than that of
the other color picture elements. In the example illustrated in
FIG. 12, by increasing the capacitance values of the blue
picture element, i.e., Ccs1B and Ccs2B of the (m, n+1) pic-
ture element, Ccslo. and Ces2ao. are decreased.

[0134] In this case, supposing Ccs1p==Ccs1A+Ccs1B and
Ccs2p=Ccs2A+Ccs2B, the Ces1p and Ces2f values remain
almost the same in every picture element as shown in FIG. 12.
That is why the problem that would occur if AVd were dif-
ferent from one color picture element to another can be
avoided. Specifically, both of the (m, n) and (m, n+1) picture
elements have the same Ccs1f and Ccs2f} values.

[0135] Furthermore, in the example illustrated in FIG. 12,
the ratio of the capacitance of the liquid crystal capacitor Clc1
to the storage capacitance Ccspl in the sub-picture element
SP1 and the ratio of the capacitance of the liquid crystal
capacitor Clc2 to the storage capacitance Ccsf2 in the sub-
picture element SP2 are substantially equal to each other.
Since the liquid crystal layers of the sub-picture elements SP1
and SP2 have the same thickness, the liquid crystal capaci-
tance of each sub-picture element is proportional to the area
of'its associated sub-picture element electrode. And since the
area of the sub-picture element SP2 is roughly three times as
large as that of the sub-picture element SP1, the liquid crystal
capacitance of the sub-picture element SP2 will also be
approximately three times as large as that of the sub-picture
element SP1. That is why by setting the capacitance value
Ccs2f of the storage capacitor of the sub-picture element SP2
to be approximately three times as large as the capacitance
value Cesf1 of the storage capacitor of the sub-picture ele-
ment SP1, the ratio of the capacitance value of the liquid
crystal capacitor Clc1 to the storage capacitance Cesf1 in the
sub-picture element SP1 is made approximately equal to the
ratio of the capacitance value of the liquid crystal capacitor
Clc2 to the storage capacitance Ccsf2 in the sub-picture
element SP2.

[0136] Furthermore, in the example illustrated in FIG. 12,
the drain extension lines 117-1 and 117-2 and the drain exten-
sion lines’ extended portions 117-1E, 117-2E, 117-1E1, 117-
1E2, 117-2E1 and 117-2E2 are arranged such that the blue
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picture element (i.e., (m, n+l) picture element in this
example) and the other picture elements (i.e., (m, n) picture
element in this example) have apertures (i.e., openings to pass
the incoming light) of the same shape. By making the shapes
of'the apertures of all picture elements substantially the same
in this manner, the uniformity of display can be increased.
[0137] Hereinafter, a liquid crystal display device as still
another preferred embodiment of the present invention will
be described with reference to FIGS. 13 and 14.

[0138] FIG. 13 is anequivalent circuit diagram of one of the
two sub-picture elements of a single picture element in a
liquid crystal display device 300 having a dual picture ele-
ment structure.

[0139] As already described with reference to FIG. 8, if the
capacitance value of the storage capacitor of the blue picture
element is reduced such that the blue picture element has the
smallest AVa value, then the blue picture element will have
different AVd from the other color picture elements. Thus, in
this liquid crystal display device 300, to compensate for the
decrease in the capacitance value of the storage capacitor of
the blue picture element, a gate-drain capacitor CGD-1 is
formed using the gate bus line on an adjacent row. In this
example, as to a blue picture element belonging to the m”
row, CGD-1 is formed with the gate bus line on the (m-1)"
row. However, the present invention is in no way limited to
this specific example. Alternatively, CGD-1 may also be
formed using the gate bus line on the (m+1)” row. If such a
compensating gate-drain capacitor CGD-1 (of which the
capacitance value is identified by C,5p.) is formed with a
gate bus line at an OFF-state potential in this manner, then
AVd=Cgd/(Cle+Ccs+Cgp. ;) Will be satisfied. Thus, by
regulating C.;p.; (i.€., by ironing out the difference in
capacitance value between the storage capacitor of the blue
picture element and those of the other color picture elements),
every color picture element can have the same AVd value.
[0140] FIG. 14 illustrates a picture element structure for a
liquid crystal display device 300A as a preferred embodiment
of the present invention. The equivalent circuit of the liquid
crystal display device 300A is the same as that of the liquid
crystal display device 300 shown in FIG. 13. In FIG. 14,
illustrated schematically are the structure of two picture ele-
ments that are located at the intersection between the m” row
and n” column and at the intersection between the m™ row
and (n+1)” column on the TFT substrate, among multiple
picture elements that are arranged in column and rows. The
picture element at the intersection between the m” row and
n” column is either a red picture element or a green picture
element, while the picture element at the intersection between
the m™ row and (n+1)” column is a blue picture element. In
this liquid crystal display device 300A, each picture element
P includes a first sub-picture element SP1 and a second sub-
picture element SP2. That is to say, this liquid crystal display
device 300A has the multi-picture element structure shown in
FIG. 1 and the ratio in the area of the first sub-picture element
SP1 to the second sub-picture element SP2 is one to one.
[0141] Unlike the liquid crystal display device 200A shown
in FIG. 12, each sub-picture element of the liquid crystal
display device 300A has only one storage capacitor. Specifi-
cally, the sub-picture element SP1 includes only a storage
capacitor CS1A between the CS bus line 113-1 and the
extended portion 117-1E of the drain extension line 117-1 but
has no storage capacitors with the CS bus line 113-2. On the
other hand, the sub-picture element SP2 includes only a stor-
age capacitor CS2A between the CS bus line 113-2 and the
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extended portion 117-2E of the drain extension line 117-2 but
has no storage capacitors with the CS bus line 113-1. In this
respect, the liquid crystal display device 300A has a simpler
configuration than the liquid crystal display device 200A.
[0142] Inthe liquid crystal display device 300A, by setting
the capacitance values (or the areas) of the storage capacitors
CS1A and CS2A ofthe blue picture element (i.e., the (m, n+1)
picture element) to be smaller than those of the storage
capacitors CS1A and CS2A ofthe other color picture element
(i.e., the (m, n) picture element) as described above, the AVa
value of the blue picture element can be smaller than that of
the other color picture element.

[0143] Look at the blue picture element (i.e., the (m, n+1)
picture element) now. The drain extension line 117-1 includes
a first extended portion 117-1E1 that forms the storage
capacitor CS1A of the sub-picture element SP1 and a second
extended portion 117-1E2 that overlaps with a gate bus line
112(m-1). A compensating gate-drain capacitor CGD-1a is
formed in an area where the second extended portion 117-1E2
overlaps with the gate bus line 112(-1). On the other hand,
the drain extension line 117-2 includes a first extended por-
tion 117-2E1 that forms the storage capacitor CS2A of the
sub-picture element SP2 and a second extended portion 117-
2E2 that overlaps with a gate bus line 112(m+1). A compen-
sating gate-drain capacitor CGD-2a is formed in an area
where the second extended portion 117-2E2 overlaps with the
gate bus line 112(m+1).

[0144] Comparing the blue picture element (i.e., the (m,
n+1) picture element) to the other picture element (i.e., the
(m, n) picture element), it can be seen that the capacitance
value (or the area shown in FIG. 14) of the storage capacitor
CS1A is greater in the (m, n) picture element than in the (m,
n+1) picture element. It can also be seen that the compensat-
ing gate-drain capacitors CGD-1a and CGD-2a are provided
only for the (m, n+l) picture element. That is to say, the
compensating gate-drain capacitors CGD-1a and CGD-2a
are provided to compensate for the deficit in the capacitance
value of the storage capacitor CS1A of the (m, n+1) picture
element with the (m, n) picture element.

[0145] It should be noted that both of the (m, n) and (m,
n+1) picture elements have the gate-drain capacitors CGD-15
and CGD-2b. These are capacitors formed between the
extended portion of the gate bus line (m) to drive the (m, n)
picture element and the drain extension line 117-1 or 117-2.
That is why their capacitance value is included in Cgd in the
numerator of the equation that defines AVd and these capaci-
tors are provided to adjust the Cgd value.

[0146] Thus, by adopting the configuration of the liquid
crystal display device 300A, the AVd values can be equalized
in every color picture element with a simpler configuration
than that of the liquid crystal display device 200A.

[0147] Furthermore, in the example illustrated in FIG. 14,
the drain extension lines 117-1 and 117-2 and the extended
portion of the gate bus line 112(m) are arranged such that the
blue picture element (i.e., (m, n+1) picture element in this
example) and the other picture element (i.e., (m, n) picture
element in this example) have apertures (i.e., openings to pass
the incoming light) of substantially the same shape. By mak-
ing the shapes of the apertures of all picture elements sub-
stantially the same in this manner, the uniformity of display
can be increased. Just like the liquid crystal display device
200A, the liquid crystal display device 300A also has a struc-
ture in which the aperture ratio of a pixel is increased by
making the sub-picture element electrodes 111-1 and 111-2
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overlap with the source bus line 114(») with an interlevel
dielectric film interposed between them.

[0148] FIG. 15 illustrates a picture element structure for a
liquid crystal display device 400A as another preferred
embodiment of the present invention. The equivalent circuit
of'the liquid crystal display device 400A is the same as that of
the liquid crystal display device 100 shown in FIG. 8. In FIG.
15, illustrated schematically are the structure of two picture
elements that are located at the intersection between the m?
row and n” column and at the intersection between the m”
row and (n+1)"” column on the TFT substrate, among multiple
picture elements that are arranged in column and rows. The
picture element at the intersection between the m™ row and
n” column is either a red picture element or a green picture
element, while the picture element at the intersection between
the m” row and (n+1)” column is a blue picture element. In
this liquid crystal display device 400A, each picture element
P includes a first sub-picture element SP1 and a second sub-
picture element SP2. That is to say, this liquid crystal display
device 400A has the multi-picture element structure shown in
FIG. 1 and the ratio in the area of the first sub-picture element
SP1 to the second sub-picture element SP2 is one to one.
[0149] Inthe liquid crystal display device 400A, by setting
the capacitance values (or the areas) of the storage capacitors
CS1 and CS2 of the blue picture element (i.e., the (m, n+1)
picture element) to be smaller than those of the storage
capacitors CS1 and CS2 of the other color picture element
(i.e., the (m, n) picture element), the Ava value of the blue
picture element can be smaller than that of the other color
picture element.

[0150] AVd can be regulated by adjusting Cgd (i.e., the
numerator of the equation that gives AVd) of the TFT.
[0151] As shownin FIG. 15, in the TFT 116-1, the areas of
overlap of the drain electrodes 116-1Da and 116-1Db with the
gate electrode 116-1G are greater in the (m, n) picture ele-
ment than in the (in, n+1) picture element. In the same way, in
the TFT 116-2, the areas of overlap of the drain electrodes
116-2Da and 116-2Db with the gate electrode 116-2G are
greater in the (m, n) picture element than in the (m, n+1)
picture element. That is why the Cgd capacitance value of the
TFT 166-1 of the (m, n) picture element is greater than that of
the TFT 166-1 of the (m, n+1) picture element by those extra
areas of overlap of the drain electrodes (corresponding to
CGD-1a and CGD-15) with the gate electrode. In the same
way, the Cgd capacitance value of the TFT 166-2 of the (m, n)
picture element is greater than that of the TFT 166-2 of the (m,
n+1) picture element by those extra areas of overlap of the
drain electrodes (corresponding to CGD-2a and CGD-2b)
with the gate electrode. And by ironing out such a difference
in Cgd capacitance value, the difference in the capacitance
value of the storage capacitor can be compensated for.
[0152] By adopting such a configuration, every picture ele-
ment will have the same structure except the TFT section
thereof, and therefore, every picture element will have an
aperture of the same shape and a high degree of uniformity of
display will be achieved. Just like the liquid crystal display
devices 200A and 300A described above, the liquid crystal
display device 400 A also has a structure in which the aperture
ratio of a pixel is increased by making the sub-picture element
electrodes 111-1 and 111-2 overlap with the source bus line
114(») with an interlevel dielectric film interposed between
them.

[0153] FIG. 16 illustrates a picture element structure for a
liquid crystal display device 500A as another preferred
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embodiment of the present invention. The equivalent circuit
of'the liquid crystal display device 500A is the same as that of
the liquid crystal display device 100 shown in FIG. 8. In FIG.
16, illustrated schematically are not only the structure of two
picture elements that are located at the intersection between
the m” row and n” column and at the intersection between the
m” row and (n+1)* column on the TFT substrate, among
multiple picture elements that are arranged in column and
rows, but also the arrangement of ribs on the counter sub-
strate. The picture element at the intersection between the m”
row and n? column is either a red picture element or a green
picture element, while the picture element at the intersection
between the m” row and (n+1)” column is a blue picture
element. In this liquid crystal display device 500A, each
picture element P includes a first sub-picture element SP1 and
a second sub-picture element SP2. That is to say, this liquid
crystal display device S00A has the multi-picture element
structure shown in FIG. 1 and the ratio in the area of the first
sub-picture element SP1 to the second sub-picture element
SP2 is one to one.

[0154] The liquid crystal display device 500A is an MVA
mode LCD, in which each of the sub-picture element elec-
trodes 111-1 and 111-2 has slits as shown in FIG. 16 and in
which liquid crystal molecules are aligned in a predetermined
direction by an oblique electric field generated near the slits
and an anchoring force produced by the ribs that have been
formed on the surface of the counter substrate in contact with
the liquid crystal layer. Specifically, those slits and ribs are
arranged so as to form four liquid crystal domains, where
liquid crystal molecules have four tilt angles that are different
from each other by 90 degrees upon the application of a
voltage, in each of the sub-picture elements SP1 and SP2.
Although the slits and ribs do not have to be aligned in such a
pattern, each sub-picture element preferably has four liquid
crystal domains to improve the viewing angle characteristic.

[0155] Inthe liquid crystal display device 500A, by setting
the areas of the sub-picture element electrodes 111-1 and
111-2 of the blue picture element (i.e., the (m, n+1) picture
element) to be smaller than those of the sub-picture element
electrodes 111-1 and 111-2 of the other color picture element
(i.e., the (m, n) picture element), the capacitance values of the
liquid crystal capacitors Clcl and Clcl and the storage
capacitors Ccsl and Ccs2 (see FIG. 8) of the blue picture
element can be smaller than those of the other color picture
element.

[0156] This is a structure to be adopted in a situation where
the interlevel dielectric film is relatively thin. In this structure,
the sub-picture element electrodes 111-1 and 111-2 are
arranged so as not to overlap with the source bus line 114(r).
Also, most of the storage capacitors CS1 and CS2 is defined
by providing extended portions 113-1E and 113-2E, which
run parallel to the source bus line 114(z), for the CS bus lines
113-1 and 113-2 and by making the CS bus lines 113-1 and
113-2, including parts of the extended portions 113-1E and
113-2E, overlap with the sub-picture element electrodes
111-1 and 111-2 with an interlevel dielectric film (not shown)
interposed between them. In this example, each of the CS bus
lines 113-1 and 113-2 includes a pair of extended portions
113-1E, 113-2E that overlaps with both edges of its associ-
ated sub-picture element electrode 111-1 or 111-2. However,
the present invention is in no way limited to this specific
preferred embodiment. Also, the thickness of the interlevel
dielectric film may be appropriately adjusted according to its
dielectric constant and area. It should be noted that overlap-
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ping portions between the extended portions 117-1E and
117-2E of the drain extension lines 117-1 and 117-2 and the
CS bus lines 113-1 and 113-2 also contribute to forming the
storage capacitors.

[0157] In the liquid crystal display device 200A, etc.
described above, only the capacitance value of the storage
capacitor CS is adjusted to make the AVa. value of the blue
picture element different from the others. In this liquid crystal
display device 500A, however, the capacitance values of the
liquid crystal capacitor Clc and the storage capacitor CS are
adjusted. If the area of the sub-picture element electrode is
reduced, the capacitance values of the liquid crystal capacitor
Clc and storage capacitor CS will both decrease. But as the
capacitance value of the storage capacitor CS decreases sig-
nificantly, the AVa. value can be reduced eventually.

[0158] In the liquid crystal display device S00A, AVd is
regulated by adjusting Cgd (i.e., the numerator of the equa-
tion that gives AVd) of the TFT, as in the liquid crystal display
device 400A described above. As shown in FIG. 16, in this
liquid crystal display device 500A, the areas of the drain
electrodes 116-1D and 116-2D of the TFTs 116-1 and 116-2
are increased in the (m, n) picture element compared to the
(m, n+1) picture element, and the areas of the source elec-
trodes 116S are increased, too. By adopting such a configu-
ration, the Cgd capacitance value of the (m, n) picture element
can be increased and the channel width of the TFT can also be
increased effectively.

[0159] FIG. 17 illustrates a picture element structure for a
liquid crystal display device 600A as another preferred
embodiment of the present invention. The equivalent circuit
of'the liquid crystal display device 600A is the same as that of
the liquid crystal display device 100 shown in FIG. 8. In FIG.
17, illustrated schematically are not only the structure of two
picture elements that are located at the intersection between
the m™ row and n” column and at the intersection between the
m™ row and (n+1)” column on the TET substrate, among
multiple picture elements that are arranged in column and
rows, but also the arrangement of ribs on the counter sub-
strate. FIG. 18A is a cross-sectional view of the device as
viewed on the plane 18A-18A' shown in FIG. 17, and FIG.
18B is a cross-sectional view of the device as viewed on the
plane 18B-18B' shown in FIG. 17.

[0160] The liquid crystal display device 600A is an MVA
mode LCD having the same alignment division structure as
the liquid crystal display device 500A. The picture element at
the intersection between the m” row and n” column is either
a red picture element or a green picture element, while the
picture element at the intersection between the m” row and
(n+1)” column is a blue picture element. In this liquid crystal
display device 600A, each picture element P includes a first
sub-picture element SP1 and a second sub-picture element
SP2. Thatis to say, this liquid crystal display device 600 A has
the multi-picture element structure shown in FIG. 1 and the
ratio in the area of the first sub-picture element SP1 to the
second sub-picture element SP2 is one to one.

[0161] Just like the liquid crystal display device 500A, the
liquid crystal display device 600A also includes a relatively
thin interlevel dielectric film 126 between the source bus line
114(») and the sub-picture element electrodes 111-1 and
111-2 (see FIGS. 18A and 18B). That is why the sub-picture
element electrodes 111-1 and 111-2 are arranged so as not to
overlap with the source bus line 114(). Furthermore, the
liquid crystal display device 600A includes not just the gate
insulating film 122 of the liquid crystal display device 200A
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and other devices described above but also a spin-on-glass
(SOG) film 121 on the gate insulating film 122. As the mate-
rial of the SOG film, a spin-on-glass material including an
organic component (i.e., a so-called “organic SOG material”)
is preferably used. Among other things, a SOG material with
a Si—O—C bond as its skeleton or a SOG material with a
Si—C bond as its skeleton can be used particularly effec-
tively. As used herein, the SOG material is a material that can
form aglass film (i.e., a silica-based coating) by a spin coating
or any other suitable coating process.

[0162] The SOG film 121 is relatively thick. For that rea-
son, if the SOG film 121 were interposed between the semi-
conductor layer 123 of the TFT (see FIG. 18A) and the gate
electrode 112(m), then the TFT would not operate normally.
To avoid such a situation, the SOG film 121 is not provided in
a region of the TFT 116-1 or 116-2 where the gate insulating
film 122 should function as such. In FIGS. 17 and 18A, that
region is shown as a SOG film removed region 118T.

[0163] Also, the SOG film 121 has a relatively low dielec-
tric constant of four or less, for example. That is why if the
SOG film 121 is arranged between the electrodes, then the
capacitance value of the capacitor to be formed will be small.
For example, in the arrangement shown in FIG. 18C, the SOG
film 121 is interposed between the CS bus line 113-1 and the
sub-picture element electrodes 111-1 and 111-2. That is why
the capacitor to be formed between those electrodes will have
a small capacitance value and will contribute a little to form-
ing a storage capacitor.

[0164] In the liquid crystal display device 600A, the SOG
film removed regions 118C1 and 118C2 are defined between
the drain extension line extended portions 117-E1 and 117-E2
and the CS bus lines 113-1 and 113-2 as shown in FIGS. 17
and 18B, thereby forming storage capacitors. Specifically, a
storage capacitor CS1 is formed in the SOG film removed
region 118C1 and a storage capacitor CS2 is formed in the
SOG film removed region 118C2.

[0165] Inthe liquid crystal display device 600A, by setting
the capacitance values of the storage capacitors CS1 and CS2
ofthe blue picture element (i.e., the (m, n+1) picture element)
to be smaller than those of the storage capacitors CS1 and
CS2 of the other color picture element (i.e., the (m, n) picture
element), the AVa value of the blue picture element can be
smaller than that of the other color picture element.

[0166] AVdisregulated by adjusting Cgd (i.e., the numera-
tor of the equation that gives AVd) of the TFT, as in the liquid
crystal display devices 400A and 500A described above.
Also, as in the liquid crystal display device 500A, the areas of
the drain electrodes 116-1D and 116-2D of the TFTs 116-1
and 116-2 are increased in the (m, n) picture element com-
pared to the (m, n+1) picture element, and the areas of the
source electrodes 116S are increased, too. By adopting such a
configuration, the Cgd capacitance value of the (m, n) picture
element can be increased and the channel width of the TFT
can also be increased effectively.

[0167] The method of regulating AVd by adjusting Cgd
may be modified in various manners. According to the TFT
configuration, any appropriate one may be selected from
those various methods, or if necessary, two or more methods

may be combined, too. Some of those modified methods of
adjusting Cgd of a TFT are shown in FIGS. 19(a) through

19(g).
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[0168] First, in the TFT section 70A shown in FIG. 19(a),
Cgd of a color picture element other than a blue picture
element is increased by extending the drain electrodes 116-
1D and 116-2D.

[0169] On the other hand, in the TFT section 70B shown in
FIG. 19(5), Cgd of a color picture element other than the blue
picture element is increased and the channel width of the TFT
is increased effectively by extending the drain electrodes
116-1D and 116-2D and the source electrode 116S.

[0170] These methods can be carried out just as described
above. Other options are available as shown in FIGS. 19(c)
through 19(g).

[0171] Specifically, in the TFT section 70C shown in FIG.
19(c), Cgd of the color picture element other than the blue
picture element is increased by extending the drain electrode
116-1D. And by extending the drain electrode in the direction
in which the gate bus line runs, the decrease in aperture ratio
is minimized.

[0172] On the other hand, in the TFT section 70D shown in
FIG. 19(d), not just Cgd of the color picture element other
than the blue picture element but also the channel width of the
TFT are increased effectively by extending the source elec-
trode 1168, as well as the drain electrode 116-1D. And by
extending the channel width of the TFT in the direction in
which the gate bus line runs, the decrease in aperture ratio is
minimized.

[0173] Furthermore, in the TFT section 70E shown in FIG.
19(e), CGD-1 is formed with the tip of the drain electrode
116D extended, thereby increasing not only Cgd of the color
picture element other than the blue picture element but also
the vertical channel width of the TFT. Since the shape of the
source electrode 1168 is not changed, the load on the source
bus line 114 hardly increases.

[0174] Meanwhile, in the TFT section 70F shown in FIG.
19(f), not just Cgd of the color picture element other than the
blue picture element but also the channel width of the TFT are
increased effectively by extending the drain electrodes 116-
1D and 116-2D. Since the shape of the source electrode 116S
is not changed, the load on the source bus line 114 hardly
increases.

[0175] Furthermore, in the TFT section 70G shown in FIG.
19(g), not just Cgd of the color picture element other than the
blue picture element but also the channel width of the TFT are
increased even more effectively than in the TFT section 70F
by extending the source electrodes 116S1 and 116S2, as well
as the drain electrodes 116-1D and 116-2D.

[0176] Optionally, the configuration of the liquid crystal
display device 700A shown in FIG. 20 may also be adopted.
[0177] Theliquid crystal display device 700A basically has
the same configuration as the liquid crystal display device
200A shown in FIG. 12. In the liquid crystal display device
200A, two storage capacitors are provided for each sub-pic-
ture element (e.g., the storage capacitors CS1A and CS1B are
provided for the sub-picture element SP1) and their capaci-
tance values are changed between the blue picture element
and the other color picture element, thereby making their
AVa different from each other. On the other hand, in the
liquid crystal display device 700A, each sub-picture element
also includes two storage capacitors (e.g., the storage capaci-
tors CS1A and CS1B are provided for the sub-picture element
SP1) but the capacitance values of these storage capacitors
are the same in every color picture element. In the liquid
crystal display device 700A, the drain extension line 117-1
for the first sub-picture element SP1 of the blue picture ele-
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ment (i.e., the (m, n+1) picture element) and the drain exten-
sion line 117-2 for the second sub-picture element SP2
thereof are short-circuited together with a drain short-circuit
line 117-3, thereby reducing AVa of the blue picture element
to substantially zero. That is to say, since only the blue picture
element does not have the multi-picture element structure, the
viewing angle dependence of the blue grayscale characteris-
tic will deteriorate but problems that would otherwise be
caused by coloring or a variation in AVd will never happen.
[0178] Any of these configurations that have been
described with reference to FIGS. 12 through 19, but the one
shown in FIG. 20, may be used either by itself or in any
arbitrary combination with another one or other ones.
[0179] FIG. 21 shows the grayscale dependences of AVd of
respective color picture elements in a liquid crystal display
device as a preferred embodiment of the present invention.
The graph shown in FIG. 21 shows AVd of the respective
color picture elements in a situation where the ratio X of the
capacitance value of the storage capacitor of the blue picture
element to that of the storage capacitor of the other color
picture elements is optimized to be 0.56 in order to minimize
the shift toward the yellow range at an oblique viewing angle
in the liquid crystal display device that has already been
described with reference to FIG. 10. Specifically, the curve
L(B) shows AVd of the blue picture element, the curve L'(R,
G) shows AVd of the other color picture elements, of which
the difference in storage capacitance value is not compen-
sated for, and the curve L(R, G) shows AVd of the other color
picture elements that has been substantially equalized with
that of the blue picture element by adjusting Cgd.

[0180] As can be seen clearly from FIG. 21, if X=0.56 and
if the difference in storage capacitance is not compensated for
at all, then the difference in AVd between the blue picture
element and the other color picture elements exceeds 0.5 V
(=500 mV). The present inventors discovered and confirmed
via experiments that when the difference in AVd exceeded
150 mV, a flicker was produced and the reliability decreased.
If the difference in AVd exceeds 50 mV, then sometimes a
degradation may be recognized in display quality. Thatis why
to avoid the problems to be caused by the AVd difference in
actual products, AVd should be reduced to S0 mV orlessinat
least one grayscale. In this description, if AVd is substantially
the same, it means that the difference in AVd is equal to or
smaller than 50 mV. It can be seen that in the example illus-
trated in FIG. 21, the difference between the curve L(B) and
the curve L(R, G) at the 140” grayscale is as small as 4 mV.
[0181] A multi-picture element structure in which each
picture element is split into two sub-picture elements has been
described as a preferred embodiment of the present invention.
However, the present invention is in no way limited to that
specific preferred embodiment. Alternatively, each picture
element may also be divided into three or more sub-picture
elements as well.

INDUSTRIAL APPLICABILITY

[0182] A liquid crystal display device according to the
present invention can be used effectively in liquid crystal TVs
and other applications that require excellent viewing angle
characteristics.

1-9. (canceled)

10. A liquid crystal display device comprising:

aplurality of picture elements that are arranged in columns
and rows so as to form a matrix pattern, each said picture
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element including a liquid crystal layer and a plurality of
electrodes for applying a voltage to the liquid crystal
layer,
wherein each said picture element includes a first sub-
picture element and a second sub-picture element hav-
ing the ability to apply mutually different voltages to
their liquid crystal layer, wherein at a grayscale level, the
first sub-picture element has a higher luminance than the
second sub-picture element, and
wherein each of the first and second sub-picture elements
includes a liquid crystal capacitor formed by a counter
electrode and a sub-picture element electrode that faces
the counter electrode through the liquid crystal layer,
and at least one storage capacitor, each being formed by
a storage capacitor electrode that is electrically con-
nected to the sub-picture element electrode, an insulat-
ing layer, and a storage capacitor counter electrode that
is opposed to the storage capacitor electrode with the
insulating layer interposed between them, and
wherein after a display voltage representing a certain gray-
scale level has been applied to the respective sub-picture
element electrodes of the first and second sub-picture
elements, a voltage difference AVa is produced between
voltages to be applied to the respective liquid crystal
capacitors of the first and second sub-picture elements
by way of their associated storage capacitor(s),

wherein in some of the picture elements, the voltage dif-
ference AVa changes from one picture element to
another,

wherein the at least one storage capacitor includes two

storage capacitors,

wherein the counter electrode is a single electrode that is

provided in common for the first and second sub-picture
elements, and

wherein the storage capacitor counter electrodes of the two

storage capacitors of the first sub-picture element are
electrically independent of each other, and the storage
capacitor counter electrodes of the two storage capaci-
tors of the second sub-picture element are also electri-
cally independent of each other.

11. The liquid crystal display device of claim 10, wherein
if the two storage capacitors of the first sub-picture element
are identified by CS1A and CS1B and if the two storage
capacitors of the second sub-picture element are identified by
CS2A and CS2B,

the storage capacitor counter electrodes of the storage

capacitors CS1A and CS2B are electrically connected to
the same first storage capacitor line,

the storage capacitor counter electrodes of the storage

capacitors CS1B and CS2A are electrically connected to
the same second storage capacitor line, and

the first and second storage capacitor lines are electrically

independent of each other.

12. The liquid crystal display device of claim 11, wherein
if the capacitance values of the storage capacitors CS1A,
CS1B, CS2A and CS2B are identified by Ccs1A, Ccs1B,
Ccs2A and Ces2B, respectively, and if Ccsla=CcslA-
Ccs1B and Ccs20=Ccs2A-Ccs2B, some of the picture ele-
ments have different Ccs1la or Ces2a.

13. The liquid crystal display device of claim 12, wherein
the picture elements include a plurality of color picture ele-
ments that represent mutually different colors and that
include a blue picture element and/or a cyan picture element,
and
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wherein among those color picture elements, the Ccsla
and Ccs2a. values of the blue and/or cyan picture ele-
ment(s) are the smallest.
14. (canceled)
15. The liquid crystal display device of claim 12, wherein
if Ccs1p=Ccs1A+Ccs1B and Ccs2f=Ccs2A+Ccs2B, the

Ceslf and Cces2f values remain the same in every picture
element.
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16. The liquid crystal display device of claim 10, wherein
the picture elements include a plurality of color picture ele-
ments that represent mutually different colors and that
include a blue picture element and/or a cyan picture element,
and wherein among those color picture elements, the AVa
value of the blue and/or cyan picture element(s) is the
smallest.
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