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7) ABSTRACT

A liquid crystal display of the invention includes a plurality
of pixels each of which has a liquid crystal layer and a
plurality of electrodes for applying a voltage to the liquid
crystal layer and which are arranged in a matrix of rows and
columns, wherein: each of the plurality of pixels has a first
sub-pixel and a second sub-pixel which can apply mutually
different voltages to the liquid crystal layer, where the first
sub-pixel has a higher brightness than the second sub-pixel
in certain gradations; the first sub-pixel and the second
sub-pixel each has: a liquid crystal capacitor formed by a
counter electrode and a sub-pixel electrode opposing the
counter electrode via the liquid crystal layer, and a storage
capacitor formed by a storage capacitor electrode connected
electrically to the sub-pixel electrode, an insulating layer,
and a storage capacitor counter electrode opposing the
storage capacitor electrode via the insulating layer; the
counter electrode is a single electrode shared by the first
sub-pixel and the second sub-pixel, and the storage capacitor
counter electrodes of the first sub-pixel and the second
sub-pixel are electrically independent of each other; and the
storage capacitor counter electrode of the first sub-pixel in
any of the plurality of pixels and the storage capacitor

(51) INt. CL7 e ssnnsssssssssscnnn GO2F 1/1343 counter electrode of the second sub-pixel of a pixel adjacent
to any of the pixels in the column direction are electrically
(532) US. Cl et 349/38  independent of each other.
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LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a structure and/or
drive method which can reduce viewing angle dependence
of y characteristics in a liquid crystal display.

[0003] 2. Description of the Related Art

[0004] Liquid crystal displays are flat-panel displays
which have excellent features including high resolution,
small thickness, light weight, and low power consumption.
Their market size has expanded recently with improvements
in display performance and production capacity as well as
improvements in price competitiveness against other types
of display device.

[0005] Twisted nematic (TN) liquid crystal displays which
have conventionally been in common use have liquid crystal
molecules with positive dielectric anisotropy placed
between upper and lower substrates in such a way that their
long axis are oriented approximately parallel to substrate
surfaces and twisted 90 degrees along the thickness of a
liquid crystal layer. When a voltage is applied to the liquid
crystal layer, the liquid crystal molecules rise parallel to the
electric field, releasing the twisted alignment. The TN liquid
crystal display controls transmitted light quantity using
changes in rotary polarization resulting from the orientation
changes of the liquid crystal molecules caused by voltage.

[0006] The TN liquid crystal display allows wide manu-
facturing margins and high productivity. On the other hand,
it has problems with display performance, especially with
viewing angle characteristics. Specifically, when the display
surface of the TN liquid crystal display is viewed obliquely,
the display contrast ratio lowers considerably. Consequently,
even if an image clearly presents a plurality of grayscales
from black to white when viewed from the front, brightness
differences between grayscales appear very unclear when
the image is viewed obliquely. Besides, the phenomenon
(so-called grayscale reversal) that a portion which appears
dark when viewed from the front appears brighter when
viewed obliquely also presents a problem.

[0007] To improve the viewing angle characteristics of the
TN liquid crystal display, some liquid crystal displays have
been developed recently, including an in-plane switching
(IPS) liquid crystal display described in Japanese Patent
Publication No. 63-21907, a multi-domain vertically aligned
(MVA) liquid crystal display described in Japanese Laid-
Open Patent Publication No. 11-242225, an Axial Symmet-
ric Micro-cell (ASM) display described in Japanese Laid-
Open Patent Publication No. 10-186330, and a liquid crystal
display described in Japanese Laid-Open Patent Publication
No. 2002-55343.

[0008] Liquid crystal displays employing any of the novel
modes described above (wide viewing angle modes) solve
the concrete problems with viewing angle characteristics.
Specifically they are free of the problems that the display
contrast ratio lowers considerably or display grayscales are
reversed when the display surface of the TN liquid crystal
display is viewed obliquely.

[0009] Under circumstances where display quality of lig-
uid crystal displays continues to be improved, a new prob-
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lem with viewing angle characteristics have surfaced,
namely, viewing angle dependence of y characteristics,
meaning that y characteristics differ between when the
display is viewed from the front and when the display is
viewed obliquely. This presents a problem, especially when
displaying images such as photographs or displaying tele-
vision broadcasts and the like.

[0010] The viewing angle dependence of y characteristics
is more prominent in MVA mode and ASM mode than in IPS
mode. On the other hand, it is more difficult to produce IPS
panels which provide a high contrast ratio when viewed
from the front with high productivity than MVA or ASM
panels. Thus, it is desired to reduce the viewing angle
dependence of y characteristics in MVA mode or ASM
mode.

[0011] The present invention has been made in view of the
above points. Its main object is to provide a liquid crystal
display with reduced viewing angle dependence of y char-
acteristics.

SUMMARY OF THE INVENTION

[0012] To achieve the above object, a first aspect of the
present invention provides a liquid crystal display used in
normally black mode, comprising a plurality of pixels each
of which has a liquid crystal layer and a plurality of
electrodes for applying voltage to the liquid crystal layer,
wherein: each of the plurality of pixels comprises a first
sub-pixel and a second sub-pixel which can apply mutually
different voltages to their respective liquid crystal layers;
and when each of the plurality of pixels displays a grayscale
gk which satisfies 0=gk=gn; where gk and gn are integers
not less than zero and a larger value of gk corresponds to
higher brightness, relationships AV12(gk)=0 volts and
AV12(gk)ZAV12(gk+1) are satisfied at least in a range
O<gk=n-1if it is assumed that AV12(gk)=V1(gk)-V2(gk),
where V1(gk) and V2(gk) are root-mean-square voltages
applied to the liquid crystal layers of the first sub-pixel and
the second sub-pixel, respectively. Incidentally, the “pixel”
herein represents the minimum unit of display on the liquid
crystal display and in the case of color display, it corre-
sponds to “a picture element (or dot)” which displays an
individual color (typically, R, G or B).

[0013] The liquid crystal display may be configured such
that: each of the plurality of pixels comprises a third
sub-pixel which can apply a voltage different from those of
the first sub-pixel and the second sub-pixel to its liquid
crystal layer, and when each of the plurality of pixels
displays a grayscale gk and AV13(gh)=V1(gk)-V3(gk), a
relationship 0 volts<AV13(gk)<AV12(gk) is satisfied if the
root-mean-square voltage applied to the liquid crystal layer
of the third sub-pixel is V3(gk).

[0014] Preferably, the root-mean-square voltages applied
to the liquid crystal layers satisfy a relationship
AV12(gk)ZAV12(gk+1) at least in a range O<gk=n-1.

[0015] Preferably, relationships AV12(gk)=AV12(gk+1)
and AV13(gk)2AV13(gk+1) are satisfied at least in a range
O<gk=n-1 when each pixel has a third sub-pixel.

[0016] In a preferred embodiment, the first sub-pixel and
the second sub-pixel each comprise: a liquid crystal capaci-
tor formed by a counter electrode and a sub-pixel electrode
opposing the counter electrode via the liquid crystal layer,
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and a storage capacitor formed by a storage capacitor
electrode connected electrically to the sub-pixel electrode,
an insulating layer, and a storage capacitor counter electrode
opposing the storage capacitor electrode via the insulating
layer; and the counter electrode is a single electrode shared
by the first sub-pixel and the second sub-pixel, and the
storage capacitor counter electrodes of the first sub-pixel and
the second sub-pixel are electrically independent of each
other. Typically, the counter electrode is provided on a
counter substrate (sometimes referred to as a “common
electrode™), but in IPS mode, it is provided on the same
substrate as the sub-pixel electrode. Incidentally, “the
counter electrode opposing a sub-pixel electrode via the
liquid crystal layer” need not necessarily oppose the sub-
pixel electrode across the thickness of the liquid crystal
layer. In an IPS liquid crystal display, it is placed within the
liquid crystal layer in opposing relation to the sub-pixel
electrode across the liquid crystal layer.

[0017] In a preferred embodiment, the liquid crystal dis-
play comprises two switching elements provided for the first
sub-pixel and the second sub-pixel, respectively, wherein the
two switching elements are turned on and off by scan line
signal voltages supplied to a common scan line; display
signal voltages are applied to the respective sub-pixel elec-
trodes and storage capacitor electrodes of the first sub-pixel
and the second sub-pixel from a common signal line when
the two switching elements are on; voltages of the respective
storage capacitor counter electrodes of the first sub-pixel and
the second sub-pixel change after the two switching ele-
ments are turned off; and the amounts of change defined by
the direction and magnitude of the change differ between the
first sub-pixel and the second sub-pixel. The amounts of
change in the storage capacitor counter electrodes are
defined here not only in terms of magnitude (absolute value),
but also in terms of direction. For example, the amounts of
change in the voltages of the storage capacitor counter
electrodes of the first sub-pixel and the second sub-pixel
may be equal in absolute value and differ in sign. In short,
if voltage rises in one of the storage capacitor counter
electrodes and falls in the other storage capacitor counter
electrode after the switching element is turned off, the
absolute values of the changes may be equal.

[0018] Preferably, the liquid crystal layer is a vertically
aligned liquid crystal layer and contains nematic liquid
crystal material with negative dielectric anisotropy.

[0019] Preferably, the liquid crystal layers of the first
sub-pixel and the second sub-pixel each contain four
domains which are approximately 90 degrees apart in azi-
muth direction in which their liquid crystal molecules
incline when a voltage is applied.

[0020] Preferably, the first sub-pixel and the second sub-
pixel are placed on opposite sides of the common signal line;
the first sub-pixel and the second sub-pixel each have, on the
counter electrode side, a plurality of ribs protruding towards
the liquid crystal layer and the plurality of ribs include a first
rib extending in a first direction and a second rib extending
in a second direction approximately orthogonal to the first
direction; and the first rib and the second rib are placed
symmetrically with respect to a center line parallel to the
common scan line in each of the first sub-pixel and the
second sub-pixel and the arrangement of the first rib and the
second rib in one of the first and second sub-pixels is
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symmetrical with respect to the arrangement of the first rib
and the second rib in the other sub-pixel.

[0021] Preferably, the center line parallel to the common
scan line in each of the first sub-pixel and the second
sub-pixel is placed at an interval equal to approximately one
half of an array pitch of the scan lines in both the first
sub-pixel and the second sub-pixel.

[0022] Preferably, the area of the first sub-pixel is equal to
or smaller than the area of the second sub-pixel. When each
of the plurality of pixels has three or more sub-pixels,
preferably the area of the sub-pixel to which the highest
root-mean-square voltage is applied is not larger than the
areas of the other sub-pixels.

[0023] In a liquid crystal display according to another
aspect of the present invention: direction of the electric field
applied to the liquid crystal layers in the plurality of pixels
is reversed every vertical scanning period; and when dis-
playing an intermediate grayscale, the direction of the elec-
tric field is reversed periodically in the row direction in the
case of pixels in an arbitrary row and it is reversed every
pixel in the column direction in the case of pixels in an
arbitrary column.

[0024] According to one embodiment, the direction of the
electric field is reversed every pixel in the row direction in
the case of pixels in an arbitrary row.

[0025] According to one embodiment, the direction of the
electric field is reversed every two pixels in the row direction
in the case of pixels in an arbitrary row.

[0026] A liquid crystal display according to one embodi-
ment, operates in normally black mode; where in the at least
two sub-pixels include two sub-pixels SPa(p, q) and SPb(p,
q); and when each of the plurality of pixels displays a
grayscale gk which satisfies 0= gk =gn, where gk and gn are
integers not less than zero and a larger value of gk corre-
sponds to higher brightness, relationships AV12(gk)>0 volts
and AV12(gk)=AV12(gk+1) are satisfied at least in a range
O<gk=n-1 if it is assumed that AVI12(gk)=V1(gk)-V2(gk),
where V1(gk) and V2(gk) are root-mean-square voltages
applied to the liquid crystal layers of the first sub-pixel and
the second sub-pixel, respectively.

[0027] According to one embodiment, a relationship
AV12(gk)ZAVI12(gk+1) is satisfied at least in a range
O<gk=n-1.

[0028] According to one embodiment, SPa(p, q) and
SPb(p, q) each comprise: a liquid crystal capacitor formed
by a counter electrode and a sub-pixel electrode opposing
the counter electrode via the liquid crystal layer, and a
storage capacitor formed by a storage capacitor electrode
connected electrically to the sub-pixel electrode, an insulat-
ing layer, and a storage capacitor counter electrode opposing
the storage capacitor electrode via the insulating layer; and
the counter electrode is a single electrode shared by SPa(p,
q) and SPb(p, q), and the storage capacitor counter elec-
trodes of SPa(p, q) and SPb(p, q) are electrically indepen-
dent of each other.

[0029] According to one embodiment, the liquid crystal
display comprises two switching elements provided for
SPa(p, q) and SPb(p, q), respectively, wherein the two
switching elements are turned on and off by scan line signal
voltages supplied to a common scan line; display signal
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voltages are applied to the respective sub-pixel electrodes
and storage capacitor electrodes of SPa(p, q) and SPb(p, q)
from a common signal line when the two switching elements
are on; voltages of the respective storage capacitor counter
electrodes of SPa(p, q) and SPb(p, q) change after the two
switching elements are turned off; and the amounts of
change defined by the direction and magnitude of the change
differ between SPa(p, q) and SPb(p, ). Specifically, when
the two switching elements are on, voltages are applied to
the respective storage capacitor counter electrodes of
VSpa(on) and VSpb(on) such that when the two switching
elements are turned off, potentials of the respective storage
capacitor counter electrodes will change, for example, from
VSpa(on) and VSpb(on) to VSpa(off) and VSpb(off),
respectively, and that the respective amounts of change
“VSpa(off)-VSpa(on)” and “VSpb(off)-VSpb(on)” will be
mutually different.

[0030] According to one embodiment, the changes in the
voltages of the storage capacitor counter electrodes of
SPa(p, q) and SPb(p, q) are equal in amount and opposite in
direction.

[0031] According to one embodiment, the voltages of the
storage capacitor counter electrodes of SPa(p, q) and SPb(p,
q) are oscillating voltages 180 degrees out of phase with
each other. The oscillating voltages may be rectangular
waves, sine waves, or triangular waves.

[0032] According to one embodiment, the oscillating volt-
ages of the storage capacitor counter electrodes of SPa(p, q)
and SPb(p, q) each have a period approximately equal to one
horizontal scanning period.

[0033] According to one embodiment, the oscillating volt-
ages of the storage capacitor counter electrodes of SPa(p, q)
and SPb(p, q) each have a period shorter than one horizontal
scanning period.

[0034] According to one embodiment, the oscillating volt-
ages of the storage capacitor counter electrodes of SPa(p, q)
and SPb(p, q) are approximately equal within any horizontal
scanning period if averaged over the period.

[0035] According to one embodiment, the period of the
oscillation is one-half of one horizontal scanning period.

[0036] According to one embodiment, the oscillating volt-
ages are rectangular waves with a duty ratio of 1:1.

[0037] According to one embodiment, SPa(p, q) and
SPb(p, q) have different areas, of which the smaller area
belongs to SPa(p, q) or SPb(p, q) whichever has a larger
root-mean-square voltage applied to its liquid crystal layer.

[0038] According to one embodiment, the area of SPa(p,
q) and area of SPb(p, q) are practically equal.

[0039] A third aspect of the present invention provides a
liquid crystal display, comprising a plurality of pixels each
of which has a liquid crystal layer and a plurality of
electrodes for applying a voltage to the liquid crystal layer
and which are arranged in a matrix of rows and columns,
wherein: each of the plurality of pixels has a first sub-pixel
and a second sub-pixel which can apply mutually different
voltages to the liquid crystal layer, where the first sub-pixel
has a higher brightness than the second sub-pixel in certain
gradations; the first sub-pixel and the second sub-pixel each
comprise: a liquid crystal capacitor formed by a counter
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electrode and a sub-pixel electrode opposing the counter
electrode via the liquid crystal layer, and a storage capacitor
formed by a storage capacitor electrode connected electri-
cally to the sub-pixel electrode, an insulating layer, and a
storage capacitor counter electrode opposing the storage
capacitor electrode via the insulating layer; the counter
electrode is a single electrode shared by the first sub-pixel
and the second sub-pixel, and the storage capacitor counter
electrodes of the first sub-pixel and the second sub-pixel are
electrically independent of each other; and the storage
capacitor counter electrode of the first sub-pixel in any of the
plurality of pixels and the storage capacitor counter elec-
trode of the second sub-pixel of a pixel adjacent to any of the
pixels in the column direction are electrically independent of
each other.

[0040] According to one embodiment, the first sub-pixel
in the any of the pixels is arranged in such a way as to be
adjacent to the second sub-pixel of the pixel adjacent to the
any of the pixels in the column direction.

[0041] According to one embodiment, in each of the
plurality of pixels, the first sub-pixel i1s arranged in such a
way as to be adjacent to the second sub-pixel in the column
direction.

[0042] According to one embodiment, the liquid crystal
display comprises a plurality of storage capacitor trunks
electrically independent of each other, wherein each of the
storage capacitor trunks is electrically connected to any of
the storage capacitor counter electrodes of the first sub-pixel
and the second sub-pixel in the plurality of pixels via a
storage capacitor line.

[0043] According to one embodiment, the number of the
storage capacitor trunks electrically independent of each
other among a plurality of the storage capacitor trunks is L,
storage capacitor counter voltage supplied by each of the
storage capacitor trunks is oscillating voltage, and the period
of oscillation is L times a horizontal scanning period.

[0044] According to one embodiment, the plurality of
storage capacitor trunks electrically independent of each
other are an even number of storage capacitor trunks
grouped into pairs of storage capacitor trunks which supply
storage capacitor counter voltages whose oscillations are
180 degrees out of phase with each other.

[0045] According to one embodiment, the number of
storage capacitor trunks electrically independent of each
other is larger than 8 times the quotient obtained by dividing
one horizontal scanning period by a CR time constant which
approximates maximum load impedance of the storage
capacitor line.

[0046] According to one embodiment, the number of
storage capacitor trunks electrically independent of each
other is larger than 8 times the quotient obtained by dividing
one horizontal scanning period by a CR time constant which
approximates maximum load impedance of the storage
capacitor line and is an even number.

[0047] According to one embodiment, the plurality of
storage capacitor trunks include a first storage capacitor
trunk and a second storage capacitor trunk electrically
independent of each other; and if the storage capacitor line
connected to the storage capacitor counter electrode of the
first sub-pixel of the pixel located at the intersection of an
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arbitrary column and a given row n among rows formed by
the plurality of pixels is designated as CSBL_A_n if the
storage capacitor line connected to the storage capacitor
counter electrode of the second sub-pixel is designated as
CSBL_B_n, and if k is a natural number (including 0):
CSBL A n+k is connected to the first storage capacitor
trunk, and CSBL_B_n+k is connected to the second storage
capacitor trunk.

[0048] According to one embodiment, the periods of oscil-
lation of first and second storage capacitor counter voltages
supplied, respectively, by the first and second storage
capacitor trunks are both twice the horizontal scanning
period.

[0049] According to one embodiment, the second storage
capacitor counter voltage lags the first storage capacitor
counter voltage by a phase difference of one horizontal
scanning period.

[0050] According to one embodiment, the liquid crystal
display comprises two switching elements provided for the
first sub-pixel and the second sub-pixel, respectively,
wherein the two switching elements are turned on and off by
scan line signal voltages supplied to a common scan line,
display signal voltages are applied to the respective sub-
pixel electrodes and storage capacitor electrodes of the first
sub-pixel and the second sub-pixel from a common signal
line when the two switching elements are on, and voltages
of the respective storage capacitor counter electrodes of the
first sub-pixel and the second sub-pixel change after the two
switching elements are turned off; and if Td denotes the time
required for the first storage capacitor counter voltage to
change for the first time after the two switching elements are
turned off, Td is larger than 0 horizontal scanning period and
smaller than one horizontal scanning period.

[0051] According to one embodiment, the Td is approxi-
mately equal to 0.5 times the horizontal scanning period.

[0052] According to one embodiment, the plurality of
storage capacitor trunks include a first storage capacitor
trunk, second storage capacitor trunk, third storage capacitor
trunk, and fourth storage capacitor trunk electrically inde-
pendent of each other; and if the storage capacitor line
connected to the storage capacitor counter electrode of the
first sub-pixel of the pixel located at the intersection of an
arbitrary column and a given row n among rows formed by
the plurality of pixels is designated as CSBL_A_n, if the
storage capacitor line connected to the storage capacitor
counter electrode of the second sub-pixel is designated as
CSBL B _n, and if k is a natural number (including 0):
CSBL A n+4*k and CSBL_B_n+2+4*k are connected to
the first storage capacitor trunk, CSBL_B_n+4*k and
CSBL_A n+2+4*k are connected to the second storage
capacitor trunk, CSBL_A_n+1+4*k and CSBL_B_n+3+4*k
are connected to the third storage capacitor trunk, and
CSBL_B n+144*k and CSBL_A n+3+4*k are connected
to the fourth storage capacitor trunk.

[0053] According to one embodiment, the periods of oscil-
lation of first to fourth storage capacitor counter voltages
supplied, respectively, by the first to fourth storage capacitor
trunks are all 4 times the horizontal scanning period.

[0054] According to one embodiment, the second storage
capacitor counter voltage lags the first storage capacitor
counter voltage by a phase difference of two horizontal
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scanning periods, the third storage capacitor counter voltage
lags the first storage capacitor counter voltage by a phase
difference of three horizontal scanning periods, and the
fourth storage capacitor counter voltage lags the first storage
capacitor counter voltage by a phase difference of one
horizontal scanning period.

[0055] According to one embodiment, the liquid crystal
display comprises two switching elements provided for the
first sub-pixel and the second sub-pixel, respectively,
wherein the two switching elements are turned on and off by
scan line signal voltages supplied to a common scan line,
display signal voltages are applied to the respective sub-
pixel electrodes and storage capacitor electrodes of the first
sub-pixel and the second sub-pixel from a common signal
line when the two switching elements are on, and voltages
of the respective storage capacitor counter electrodes of the
first sub-pixel and the second sub-pixel change after the two
switching elements are turned off; and if Td denotes the time
required for the first storage capacitor counter voltage to
change for the first time after the two switching elements are
turned off, Td is larger than O horizontal scanning period and
smaller than two horizontal scanning periods.

[0056] According to one embodiment, the Td is approxi-
mately equal to one horizontal scanning period.

[0057] According to one embodiment, the plurality of
storage capacitor trunks include a first storage capacitor
trunk, second storage capacitor trunk, third storage capacitor
trunk, fourth storage capacitor trunk, fifth storage capacitor
trunk, and sixth storage capacitor trunk electrically indepen-
dent of each other; and if the storage capacitor line con-
nected to the storage capacitor counter electrode of the first
sub-pixel of the pixel located at the intersection of an
arbitrary column and a given row n among rows formed by
the plurality of pixels arranged in a row-and-column matrix
is designated as CSBL_A n, if the storage capacitor line
connected to the storage capacitor counter electrode of the
second sub-pixel is designated as CSBL._B_n, and ifk is a
natural number (including 0): CSBL_A n+3*k is connected
to the first storage capacitor trunk, CSBL_B_n+3*k is
connected to the second storage capacitor trunk,
CSBL_A_n+1+3*k is connected to the third storage capaci-
tor trunk, CSBL_B_n+1+3%k is connected to the fourth
storage capacitor trunk, CSBL_A n+2+3*k is connected to
the ﬁfth storage capacitor trunk, and CSBL_B_n+2+3*k is
connected to the sixth storage capacitor trunk.

[0058] According to one embodiment, the periods of oscil-
lation of first to sixth storage capacitor counter voltages
supplied, respectively, by the first to sixth storage capacitor
trunks are all 6 times the horizontal scanning period.

[0059] According to one embodiment, the plurality of
storage capacitor trunks include a first storage capacitor
trunk, second storage capacitor trunk, third storage capacitor
trunk, fourth storage capacitor trunk, fifth storage capacitor
trunk, sixth storage capacitor trunk, . . ., (L-3)-th storage
capacitor trunk, (L-2)-th storage, capacitor trunk, (L-1)-th
storage capacitor trunk, and L-th storage capacitor trunk for
a total of L storage capacitor trunks electrically independent
of each other; and when %2 of the number L of the electrically
independent storage capacitor trunks is an odd number, i.e.,
when L=2, 6, 10, ... ., or the like, if the storage capacitor line
connected to the storage capacitor counter electrode of the
first sub-pixel of the pixel located at the intersection of an
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arbitrary column and a given row n among rows formed by
the plurality of pixels is designated as CSBL_A_n if the
storage capacitor line connected to the storage capacitor
counter electrode of the second sub-pixel is designated as
CSBL_B_n, and if k is a natural number (including 0)
CSBL A _n+(L/2)*k is connected to the first storage capaci-
tor trunk, CSBL_B_n+(L/2)*k is connected to the second
storage capacitor trunk, CSBL_A n+1+(L/2)*k is con-
nected to the third storage capacitor trunk, CSBL_B_n+1+
(L/2)*k is connected to the fourth storage capacitor trunk,
CSBL_A n+2+(L/2)*k is connected to the fifth storage
capacitor trunk, CSBL_B_n+2+(L/2)*k is connected to the
sixth storage capacitor trunk, CSBL_A_n+(L/2)-2+(L/2)*k
is connected to the (L-3)-th storage capacitor trunk,
CSBL_B_n+L/2)-2+(L/2)*k is connected to the (L-2)-th
storage capacitor trunk, CSBL_A n+(L/2)-1+(L/2)* k is
connected to the (L-1)-th storage capacitor trunk, and
CSBL_B_n+(L/2)-1+(L/2)*k is connected to the L-th stor-
age capacitor trunk.

[0060] According to one embodiment, the periods of oscil-
lation of first to L-th storage capacitor counter voltages
supplied, respectively, by the first to L-th storage capacitor
trunks are all L. times the horizontal scanning period.

[0061] According to one embodiment, the plurality of
storage capacitor trunks include a first storage capacitor
trunk, second storage capacitor trunk, third storage capacitor
trunk, fourth storage capacitor trunk, fifth storage capacitor
trunk, sixth storage capacitor trunk, seventh storage capaci-
tor trunk, and eighth storage capacitor trunk electrically
independent of each other; and if the storage capacitor line
connected to the storage capacitor counter electrode of the
first sub-pixel of the pixel located at the intersection of an
arbitrary column and a given row n among rows formed by
the plurality of pixels is designated as CSBL_A n, if the
storage capacitor line connected to the storage capacitor
counter electrode of the second sub-pixel is designated as
CSBL_B_n, and if k is a natural number (including 0):
CSBL_A_n+8*k and CSBL_B_n+4+48%k are connected to
the first storage capacitor trunk, CSBL B n+8*k and
CSBL_A_n+4+8*k are connected to the second storage
capacitor trunk, CSBL._A_n+1+8*k and CSBL._B_n+5+8*k
are connected to the third storage capacitor trunk,
CSBL_B_n+1+8*k and CSBL_A_n+5+8*k are connected
10 the fourth storage capacitor trunk, CSBL_A n+2+8*k
and CSBL_B_n+6+8%k are connected to the “fifth storage
capacitor trunk, CSBL_B_n+2+8%k and CSBL_A_n+6+8*k
are connected to the sixth storage capacitor trunk,
CSBL_A_n+3+8*k and CSBL_B_n+7+8%k are connected
to the seventh storage capacitor trunk, and CSBL_B n+3+
8*k and CSBL_A n+7+8*k are connected to the eighth
storage capacitor trunk.

[0062] According to one embodiment, the periods of oscil-
lation of first to eighth storage capacitor counter voltages
supplied, respectively, by the first to eighth storage capacitor
trunks are all 8 times the horizontal scanning period.

[0063] According to one embodiment, the plurality of
storage capacitor trunks include a first storage capacitor
trunk, second storage capacitor trunk, third storage capacitor
trunk, fourth storage capacitor trunk, fifth storage capacitor
trunk, sixth storage capacitor trunk, seventh storage capaci-
tor trunk, eighth storage capacitor trunk . . . , (L-3)-th
storage capacitor trunk, (L-2)-th storage capacitor trunk,
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(L-1)-th storage capacitor trunk, and L-th storage capacitor
trunk for a total of L storage capacitor trunks electrically
independent of each other; and when ¥ of the number L of
the electrically independent storage capacitor trunks is an
even number, 1.c., when L=4, 8, 12, . . ., or the like, if the
storage capacitor line connected to the storage capacitor
counter electrode of the first sub-pixel of the pixel located at
the intersection of an arbitrary column and a given row n
among rows formed by the plurality of pixels arranged in a
row-and-column matrix is designated as CSBL_A_n, if the
storage capacitor line connected to the storage capacitor
counter electrode of the second sub-pixel is designated as
CSBL_B_n, and if k is a natural number (including 0):
CSBL A n+L*k and CSBL_B_n+(L/2)+L*k are connected
to the first storage capacitor trunk, CSBL_B_n+L*k and
CSBL_A_n+(L/2)+L*k are connected to the second storage
capacitor trunk, CSBL._ A n+1+L*k and CSBL _B_n+(L/
2)+1+L*k are connected to the third storage capacitor trunk,
CSBL_B_n+1+L*k and CSBL_A n+(L/2)+1+L*k are con-
nected to the fourth storage capacitor trunk, CSBL_A_n+
2+L*k and CSBL_B_n+(L/2)+2+L*k are connected to the
fifth storage capacitor trunk, CSBL_B_n+2+L*k and
CSBL_A_n+(L/2)+2+L*k are connected to the sixth storage
capacitor trunk, CSBL A n+3+L*k and CSBL B n+(L/
2)+3+L*k are connected to the seventh storage capacitor
trunk, CSBL_B_n+3+L*¥k and CSBL_A_n+(L/2)+3+L*k
are connected to the eighth storage capacitor trunk,
CSBL_A_n+(L/2)-2+L*k and CSBL_B_n+L-2+L*k are
connected to the (L-3)-th storage capacitor trunk,
CSBL _B_n+(L/2)-2+L*k and CSBL_A n+L-2+L*k are
connected to the (L-2)-th storage capacitor trunk,
CSBL_A_n+(L/2)-14L*k and CSBL_B_n+L-1+L*k are
connected to the (L-1)-th storage capacitor trunk, and
CSBL_B_n+(L/2)-1+L*k and CSBL_A_n+L-1+L*k are
connected to the L-th storage capacitor trunk.

[0064] According to one embodiment, the periods of oscil-
lation of first to L-th storage capacitor counter voltages
supplied, respectively, by the first to L-th storage capacitor
trunks are all L times the horizontal scanning period.

[0065] A fourth aspect of the present invention provides a
liquid crystal display, comprising a plurality of pixels each
of which has a liquid crystal layer and a plurality of
electrodes for applying a voltage to the liquid crystal layer
and which are arranged in a matrix of rows and columns,
wherein: each of the plurality of pixels has a first sub-pixel
and a second sub-pixel which can apply mutually different
voltages to the liquid crystal layer, where the first sub-pixel
has a higher brightness than the second sub-pixel in certain
gradations; the first sub-pixel and the second sub-pixel each
comprise: a liquid crystal capacitor formed by a counter
electrode and a sub-pixel electrode opposing the counter
electrode via the liquid crystal layer, and a storage capacitor
formed by a storage capacitor electrode connected electri-
cally to the sub-pixel electrode, an insulating layer, and a
storage capacitor counter electrode opposing the storage
capacitor electrode via the insulating layer; the counter
electrode is a single electrode shared by the first sub-pixel
and the second sub-pixel, and the storage capacitor counter
electrodes of the first sub-pixel and the second sub-pixel are
electrically independent of each other; the liquid crystal
display further comprises a plurality of storage capacitor
trunks electrically independent of each other, each of storage
capacitor trunks being electrically connected to any of the
storage capacitor counter electrodes of the first sub-pixel and
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the second sub-pixel in the plurality of pixels via a storage
capacitor line, the storage capacitor counter electrode of the
first sub-pixel of one of two adjacent pixels in the column
direction is connected to a storage capacitor line electrically
equivalent to the storage capacitor counter electrode of the
second sub-pixel of the other; and the number of the storage
capacitor trunks electrically independent of each other
among a plurality of storage capacitor trunks is L or more (L
is an even number), storage capacitor counter voltage sup-
plied by each of the storage capacitor trunks is oscillating
voltage, and the period of oscillation is 2*K*L (K is a
positive integer) times a horizontal scanning period.

[0066] According to one embodiment, if the storage
capacitor line connected to the storage capacitor counter
electrode of the first sub-pixel of the pixel located at the
intersection of an arbitrary column and a given row n among
rows formed by the plurality of pixels arranged in a row-
and-column matrix is designated as CSBL_(n)A and the
storage capacitor line connected to the storage capacitor
counter electrode of the second sub-pixel is designated as
CSBL_(n)B, CS buslines connected to the L electrically
independent storage capacitor trunks satisfy relationships:

[0067] CSBL (p+2*(1-1))B, (p+2*(1-1)+1)A,

[0068] CSBL_(p+2*(2-1))B, (p+2*(2-1)+1)A,

[0069] CSBL_(p+2*(3-1))B, (p+2*(3-1)+1)A,

[0070]

[0071] CSBL_(p+2*(K-1))B, (p+2*(K-1))+1)A and

[0072] CSBL_(p+2*(1-1)+K*L+1)B, (p+2*(1-1))+
K*L+2)A,

[0073] CSBL_(p+2*(2-1)+K*L+1)B, (p+2*(2-1))+
K*L42)A,

[0074] CSBL_(p+2*(3-1)+K*L+1)B, (p+2*(3-1))+
K*L+2)A,

[0075]

[0076] CSBL_(p+2*(K-D)+K*L+1)B, (p+2*(3-1)+
L+2)A; or

[0077] CSBL_(p+2*(1-1)+1)B, (p+2*(1-1)+2)A,

[0078] CSBL_(p+2*¥(2-1)+1)B, (p+2*(2-1)+2)A,

[0079] CSBL_(p+2*(3-1)+1)B, (p+2*(3-1)+2)A,

[0080]

[0081] CSBL_(p+2*(K-D+D)B, (p+2*(K-1)+2)A
and

[0082] CSBL_(p+2*(1-1)+K*L)B,  (p+2*(1-1)+
KFL+1)A,

[0083] CSBL_(p+2*(2-1)+K*L)B,  (p+2*(2-1)+
K*L+1)A,

[0084] CSBL_(p+2*(3-1)+K*L)B,  (p+2*(3-D+
K*L+1)A,

[0085]

[0086] CSBL_(p+2*(K-1)+K*L)B, (p+2*(K-1)+
KFL+1)A,

[0087] where p=1,3,5, or the like, or p=0, 2, 4, or the
like.
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[0088] According to one embodiment, K is 1 or 2, and L
is any of 6, 8, 10, and 12.

[0089] According to one embodiment, preferably the stor-
age capacitor line is placed between two adjacent pixels in
the column direction.

[0090] According to one embodiment, the liquid crystal
display comprises: two switching elements provided for the
first sub-pixel and the second sub-pixel, respectively; and a
scan line commonly connected to the two switching ele-
ments, wherein the common scan line is placed between the
first sub-pixel and the second sub-pixel.

[0091] According to one embodiment, the plurality of
storage capacitor trunks are an even number of storage
capacitor trunks grouped into pairs of storage capacitor
trunks which supply storage capacitor counter voltages
whose oscillations are 180 degrees out of phase with each
other.

[0092] According to one embodiment, in any two adjacent
pixels in the column direction, the storage capacitor counter
electrode of the first sub-pixel of one pixel and the storage
capacitor counter electrode of the second sub-pixel of the
other pixel are connected to a common storage capacitor
line.

[0093] According to one embodiment, duty ratios of the
storage capacitor counter voltages are all 1:1.

[0094] According to one embodiment, the first sub-pixel
in the any of the pixels is arranged in such a way as to be
adjacent to the second sub-pixel of the pixel adjacent to the
any of the pixels in the column direction and in each of the
plurality of pixels, the first sub-pixel 1s arranged in such a
way as to be adjacent to the second sub-pixel in the column
direction.

[0095] According to one embodiment, the first sub-pixel
and the second sub-pixel are approximately equal in area.

[0096] According to one embodiment, the second sub-
pixel is larger in area than the first sub-pixel.

[0097] The first aspect of the present invention can reduce
the viewing angle dependence of y characteristics in a liquid
crystal display. In particular, it can achieve extremely high
display quality by improving y characteristics of liquid
crystal displays with a wide viewing angle such as MAV or
ASV liquid crystal displays.

[0098] The second aspect of the present invention can
reduce flickering on a liquid crystal display driven by
alternating current. By combining the first and second
aspects of the present invention, it is possible to provide a
liquid crystal display with reduced flickering, improved
viewing angle characteristics of y characteristics, and high
quality display.

[0099] The third aspect of the present invention can
increase the periods of oscillation of the voltages (oscillating
voltages) applied to the storage capacitor counter electrodes
in the liquid crystal display according to the second aspect.
Thus, it is possible to provide a liquid crystal display which
is suitable for improving viewing angle characteristics of a
large or high-resolution liquid crystal display by dividing
one pixel into two ormore sub-pixels and illuminating the
sub-pixels at different brightness levels.
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[0100] The fourth aspect of the present invention can
supply oscillating voltages to the sub-pixels of adjacent
pixels in the column direction using common storage capaci-
tor lines (CS buslines) in addition to being able to increase
the periods of oscillation of the voltages (oscillating volt-
ages) applied to the storage capacitor counter electrodes as
is the case with the third aspect. Consequently, the storage
capacitor lines can also serve as black matrices (BM) if
placed between pixels adjacent to each other in the column
direction. Thus, the fourth aspect, which can omit the black
matrices that need to be provided separately in the case of
the liquid crystal display according to the third aspect as well
as reduce the number of CS buslines compared to the third
aspect, has the advantage of being able to increase the
aperture ratio of pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0101] FIG.1is a diagram schematically showing a pixel
configuration of a liquid crystal display 100 according to an
embodiment in a first aspect of the present invention.

[0102] FIGS. 2A to 2C are schematic diagrams showing
a structure of a liquid crystal display according to the
embodiment of the present invention.

[0103] FIGS. 3A to 3C are diagrams schematically show-
ing a structure of a conventional liquid crystal display 100'.

[0104] FIGS. 4A to 4C are diagrams illustrating display
characteristics of an MVA liquid crystal display, where FIG.
4A is a graph showing dependence of transmittance on
applied voltage, FIG. 4B is a diagram showing transmit-
tances in FIG. 4A after being normalized with respect to
transmittance in white mode, and FIG. 4C is a diagram
showing y characteristics.

[0105] FIGS. 5A to 5D are diagrams showing conditions
A to D, respectively, of voltages to be applied to liquid
crystal layers of sub-pixels obtained by dividing pixels.

[0106] FIGS. 6A to 6B are graphs showing y character-
istics obtained under voltage conditions A to D, shown in
FIG. 5, where FIG. 6A shows right side 60-degree viewing
v characteristics and FIG. 6B shows upper-right side 60-de-
gree viewing y characteristics.

[0107] FIG. 7 is a graph showing white-mode transmit-
tance (frontal viewing) obtained under voltage conditions A
to D.

[0108] FIGS. 8A to 8B are graphs illustrating effects of
area ratios between sub-pixels on y characteristics under
voltage condition C according to the embodiment of the
present invention, where FIG. 8A shows right side 60-de-
gree viewing y characteristics and FIG. 6B shows upper-
right side 60-degree viewing y characteristics.

[0109] FIG. 9 is a diagram showing relationship between
white-mode transmittance (frontal viewing) and sub-pixel
area ratios under voltage condition C according to the
embodiment of the present invention.

[0110] FIGS. 10A to 10B are diagrams illustrating effects
of sub-pixel counts on y characteristics under voltage con-
dition B according to the embodiment of the present inven-
tion, where FIG. 10A shows right side 60-degree viewing y
characteristics and FIG. 10B shows upper-right side 60-de-
gree viewing y characteristics.

Jun. 9, 2005

[0111] FIG. 11 is a diagram showing relationship between
white-mode transmittance (frontal viewing) and sub-pixel
counts under voltage condition B according to the embodi-
ment of the present invention.

[0112] FIG. 12 is a schematic diagram showing a pixel
structure of a liquid crystal display 200 according to another
embodiment of the present invention.

[0113] FIG. 13 is a diagram showing an equivalent circuit
for a pixel of the liquid crystal display 200.

[0114] FIG. 14 is a diagram showing various voltage
waveforms (a)-(f) for driving the liquid crystal display 200.

[0115] FIG. 15 is a diagram showing relationship between
voltages applied to liquid crystal layers of sub-pixels in the
liquid crystal display 200.

[0116] FIGS. 16A to 16B are diagrams showing y char-
acteristics of the liquid crystal display 200, where FIG. 16A
shows right side 60-degree viewing y characteristics and
FIG. 16B shows upper-right side 60-degree viewing y
characteristics.

[0117] FIG. 17 is a diagram schematically showing a pixel
arrangement of a liquid crystal display according to a second
aspect of the present invention.

[0118] FIG. 18 is a diagram showing waveforms (a)-(j) of
various voltages (signals) for driving the liquid crystal
display which has the configuration shown in FIG. 17.

[0119] FIG. 19 is a diagram schematically showing a pixel
arrangement of a liquid crystal display according to another
embodiment of the present invention.

[0120] FIG. 20 is a diagram showing waveforms (a)-(j) of
various voltages (signals) for driving the liquid crystal
display which has the configuration shown in FIG. 19.

[0121] FIG. 21A is a diagram schematically showing a
pixel arrangement of a liquid crystal display according to
another embodiment of the present invention and FIG. 21B
is a diagram schematically showing an arrangement of its
storage capacitor lines and storage capacitor electrodes.

[0122] FIG. 22 is an equivalent circuit diagram of a
certain area of a liquid crystal display according to a second
aspect of the present invention.

[0123] FIG.23A is a diagram showing periods and phases
of oscillation of oscillating voltages supplied to CS buslines
in terms of voltage waveforms of gate buslines as well as
showing voltages of sub-pixel electrodes in the liquid crystal
display shown in FIG. 22.

[0124] FIG.23B is a diagram showing periods and phases
of oscillation of oscillating voltages supplied to the CS
buslines in terms of voltage waveforms of gate buslines as
well as showing voltages of sub-pixel electrodes in the
liquid crystal display shown in FIG. 22 (voltages applied to
liquid crystal layers have polarity opposite to that in FIG.
23A).

[0125] FIG. 24A is a schematic diagram showing driving
states of the liquid crystal display shown in FIG. 22 (where
the voltages in FIG. 23A are used).

[0126] FIG. 24B is a schematic diagram showing driving
states of the liquid crystal display shown in FIG. 22 (where
the voltages in FIG. 23B are used).
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[0127] FIG. 25A is a diagram schematically showing a
configuration used to supply oscillating voltages to CS
buslines in a liquid crystal display according to an embodi-
ment of the second aspect of the present invention and 25B
is a diagram schematically showing an equivalent circuit
which approximates electrical load impedance of the liquid
crystal display.

[0128] FIG. 26 s a diagram schematically showing oscil-
lating voltage waveforms (a) to (e) of sub-pixel electrodes
without CS voltage waveform blunting.

[0129] FIG. 27 is a diagram schematically showing oscil-
lating voltage waveforms (a) to (e) of sub-pixel electrodes
with waveform blunting corresponding to a CR time con-
stant of “0.2H”.

[0130] FIG. 28 is a graph showing relationship of the
average value and effective value of oscillating voltages
calculated based on the waveforms in FIGS. 26 and 27 vs.
the oscillation period of CS busline voltages.

[0131] FIG. 29 is a diagram schematically showing an
equivalent circuit of a liquid crystal display according to an
embodiment of a third aspect of the present invention.

[0132] FIG. 30A is a diagram showing periods and phases
of oscillation of oscillating voltage supplied to the CS
buslines in terms of voltage waveforms of gate buslines as
well as showing voltages of sub-pixel electrodes in the
liquid crystal display shown in FIG. 29.

[0133] FIG. 30B is a diagram showing periods and phases
of oscillation of oscillating voltage supplied to the CS
buslines in terms of voltage waveforms of the gate buslines
as well as showing voltages of sub-pixel electrodes in the
liquid erystal display shown in FIG. 29 (voltages applied to
liquid crystal layers have polarity opposite to that in FIG.
30A).

[0134] FIG. 31A is a diagram showing driving states of
the liquid crystal display shown in FIG. 29 (where the
voltages in FIG. 30A are used).

[0135] FIG. 31B is a diagram showing driving states of
the liquid crystal display shown in FIG. 29 (where the
voltages in FIG. 30B are used).

[0136] FIG. 32 is a diagram schematically showing an
equivalent circuit of a liquid crystal display according to
another embodiment of the third aspect of the present
invention.

[0137] FIG. 33A is a diagram showing periods and phases
of oscillation of oscillating voltage supplied to the CS
buslines in terms of voltage waveforms of gate buslines as
well as showing voltages of sub-pixel electrodes in the
liquid crystal display shown in FIG. 32.

[0138] FIG. 33B is a diagram showing periods and phases
of oscillation of oscillating voltage supplied to the CS
buslines in terms of voltage waveforms of the gate buslines
as well as showing voltages of sub-pixel electrodes in the
liquid erystal display shown in FIG. 32 (voltages applied to
liquid crystal layers have polarity opposite to that in FIG.
33A).

[0139] FIG. 34A is a diagram showing driving states of
the liquid crystal display shown in FIG. 32 (where the
voltages in FIG. 33A are used).
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[0140] FIG. 34B is a diagram showing driving states of
the liquid crystal display shown in FIG. 32 (where the
voltages in FIG. 33B are used).

[0141] FIG. 35A is a schematic diagram showing a layout
example of CS buslines and an inter-pixel black matrix in
the liquid crystal display according to an embodiment of the
third aspect of the present invention and 35B is a schematic
diagram showing a layout example of CS buslines which
also serve as an inter-pixel black matrix in a liquid crystal
display according to an embodiment of a fourth aspect of the
present invention.

[0142] FIG. 36A is a diagram showing driving states of
the liquid crystal display according to the embodiment of the
fourth aspect of the present invention.

[0143] FIG. 36B is a diagram showing driving states of
the liquid crystal display according to the embodiment of the
fourth aspect of the present invention, where electric fields
applied to the liquid crystal layers are opposite in direction
to those in the driving states in FIG. 33A.

[0144] FIG. 37 is a schematic diagram showing a matrix
configuration (connection patterns of CS buslines) of the
liquid crystal display according to the embodiment of the
fourth aspect of the present invention.

[0145] FIG. 38 is a schematic diagram showing drive
signal waveforms of the liquid crystal display shown in FIG.
37.

[0146] FIG. 39 is a schematic diagram showing a matrix
configuration (connection patterns of CS buslines) of a
liquid crystal display according to another embodiment of
the fourth aspect of the present invention.

[0147] FIG. 40 is a schematic diagram showing drive
signal waveforms of the liquid crystal display shown in FIG.
39.

[0148] FIG. 41 is a schematic diagram showing a matrix
configuration (connection patterns of CS buslines) of a
liquid crystal display according to still another embodiment
of the fourth aspect of the present invention.

[0149] FIG. 42 is a schematic diagram showing drive
signal waveforms of the liquid crystal display shown in FIG.
41.

[0150] FIG. 43 is a schematic diagram showing a matrix
configuration (connection patterns of CS buslines) of a
liquid crystal display according to still another embodiment
of the fourth aspect of the present invention.

[0151] FIG. 44 is a schematic diagram showing drive
signal waveforms of the liquid crystal display shown in FIG.
43.

[0152] FIG. 45 is a schematic diagram showing a matrix
configuration (connection patterns of CS buslines) of a
liquid crystal display according to still another embodiment
of the fourth aspect of the present invention.

[0153] FIG. 46 is a schematic diagram showing drive
signal waveforms of the liquid crystal display shown in FIG.
45.

[0154] FIG. 47 is a schematic diagram showing a matrix
configuration (connection patterns of CS buslines) of a
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liquid crystal display according to still another embodiment
of the fourth aspect of the present invention.

[0155] FIG. 48 is a schematic diagram showing drive
signal waveforms of the liquid crystal display shown in FIG.
47.

[0156] FIG. 49 is a schematic diagram showing a matrix
configuration (connection patterns of CS buslines) of a
liquid crystal display according to still another embodiment
of the fourth aspect of the present invention.

[0157] FIG. 50 is a schematic diagram showing drive
signal waveforms of the liquid crystal display shown in FIG.
49.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0158] Configuration and operation of liquid crystal dis-
plays according to embodiments in a first aspect of the
present invention will be described below with reference to
drawings.

[0159] First, refer to FIGS. 1, 2A, 2B, and 2C. FIG. 1 is
a diagram schematically showing an electrode arrangement
in a pixel of a liquid crystal display 100 according to an
embodiment of the present invention. FIG. 2A is a diagram
schematically showing an overall configuration of the liquid
crystal display 100, FIG. 2B is a diagram schematically
showing an electrode structure in a pixel, FIG. 2C is a
sectional view taken along a line 2C-2C" in FIG. 2B. For the
purpose of reference, an electrode arrangement in a pixel of
a conventional liquid crystal display 100, its electrode
structure, and a sectional view taken along a line 3C-3C" are
shown schematically in FIGS. 3A, 3B, and 3C, respectively.

[0160] The liquid crystal display 100 according to this
embodiment operates in normally black mode and comprises
a plurality of pixels each of which has a liquid crystal layer
and a plurality of electrodes for applying voltage to the
liquid crystal layer. Although a TFT liquid crystal display is
taken as an example here, other switching elements (e.g.,
MIM elements) may be used instead.

[0161] The liquid crystal display 100 has a plurality of
pixels 10 arranged in a matrix. Each of the plurality of pixels
10 has a liquid crystal layer 13. Also, the pixels have their
own pixel electrode 18 and a counter electrode 17 to apply
voltage to the liquid crystal layer 13. Typically, the counter
electrode 17 is a single electrode common to all the pixels
10.

[0162] In the liquid crystal display 100 according to this
embodiment, each of the plurality of pixels 10 has a first
sub-pixel 10z and second sub-pixel 10b which can apply
mutually different voltages, as shown in FIG. 1.

[0163] When displaying a grayscale gk which satisfies
0=gk=gn (where gk and gn are integers not less than zero
and a larger value of gk corresponds to higher brightness),
each of the plurality of pixels is driven in such a way as to
satisfy  relationships ~ AVI2(gk)>0  volts  and
AVI12(gh)ZAVI12(gh+1) at least in a range O<gk=n-1,
where AV12(gk)=V1(gk)-V2(gk) is the difference between
root-mean-square voltage V1(gk) applied to the liquid crys-
tal layer of the first sub-pixel 10a¢ and root-mean-square
voltage V2(gk) applied to the liquid crystal layer of the
second sub-pixel 10b.
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[0164] The number of sub-pixels (sometimes referred to as
the number of pixel divisions) possessed by each pixel 10 it
not limited to two. Each pixel 10 may further have a third
sub-pixel (not shown) to which a voltage different from
those applied to the first sub-pixel 10z and second sub-pixel
10b may be applied. In that case, the pixel is configured such
that a relationship 0 volts<AV13(gk)<AV12(gk) is satisfied
if it is assumed AV13(gk)=V1(gk)-V3(gk), where V3(gk) is
an root-mean-square voltage applied to the liquid crystal
layer of the third sub-pixel and AV13(gk) is the difference
between the root-mean-square voltage applied to the liquid
crystal layer of the first sub-pixel and the root-mean-square
voltage applied to the liquid crystal layer of the third
sub-pixel. Of course, each pixel 10 may have four or more
sub-pixels.

[0165] Preferably, the root-mean-square voltages applied
to the liquid crystal layers of the sub-pixels satisfy a rela-
tionship AV12(gk)>AV12(gk+1) at least in a range O<gk<n-
1. Thus, it is preferable that as the grayscale level gets
higher, the difference between the root-mean-square volt-
ages applied to the liquid crystal layers of the first sub-pixel
10z and second sub-pixel 10b becomes smaller. In other
words, it is preferable that as the grayscale level gets lower
(closer to black), the difference between the root-mean-
square voltages applied to the liquid crystal layers of the first
sub-pixel 10z and second sub-pixel 105 becomes larger.
Also, preferably relationships AV12(gk)>AV12(gk+1) and
AV13(gk)>AV13(gk+1) are satisfied at least in a range
O<gk=n-1 if each pixel has a third sub-pixel.

[0166] Preferably, the area of the first sub-pixel 10 is
equal to or smaller than the area of the second sub-pixel 105.
If each of the plurality of pixels has three or more sub-pixels,
preferably the area of the sub-pixel (the first sub-pixel in this
case) to which the highest root-mean-square voltage is
applied is not larger than the area of the sub-pixel (the
second sub-pixel in this case) to which the lowest root-
mean-square voltage is applied. Specifically, if each pixel 10
has a plurality of sub-pixels SP1, SP2, . . . , and SPn and the
root-mean-square voltages applied to the liquid crystal lay-
ers are VI1(gk), V2(gk), . . ., and Vn(gk), preferably a
relationship V1(gk)>V2(gk)> . . . >Vn(gk) is satisfied. Also,
if the areas of the sub-pixels are SSP1, SSP2, and SSPn,

preferably a relationship SSP1=SSP2= . . . =SSPn is
satisfied.
[0167] Effects of the present invention can be achieved, at

least if the relationship V1(gk)>V2(gk)> . . . >Vn(gk) is
satisfied for all grayscales except the highest and lowest
grayscales (i.c., in the range 0= gk =n-1). However, it is also
possible to implement a configuration in which the relation-
ship is satisfled for all the grayscales (ie., in the range

0=gk=n).

[0168] In this way, if each pixel is divided into a plurality
of sub-pixels and different voltages are applied to the liquid
crystal layers of the sub-pixels, a mixture of different y
characteristics are observed and, thus, the viewing angle
dependence of y characteristics is reduced. Furthermore,
since the difference between root-mean-square voltages are
set larger at lower grayscales, the viewing angle dependence
of y characteristics is reduced greatly on the black side (at
low brightness levels) in normally black mode. This is
highly effective in improving display quality.
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[0169] Various configurations are available to apply root-
mean-square voltages to the liquid crystal layers of the
sub-pixels 10 and 105 in such a way as to satisfy the above
relationships.

[0170] For example, the liquid crystal display 100 can be
configured as shown in FIG. 1. Specifically, whereas in the
conventional liquid crystal display 100", a pixel 10 has only
one pixel electrode 18 that is connected to a signal line 14
via a TFT 16, the liquid crystal display 100 has two
sub-pixel electrodes 18¢ and 185 which are connected to
different signal lines 14a and 14b via respective TFTs 164
and 16b.

[0171] Since the sub-pixels 10a and 105 compose one
pixel 10, gates of the TFTs 16a and 165 are connected to a
common scan line (gate busline) 12 and turned on and off by
a common scan signal. Signal voltages (grayscale voltages)
which satisfy the above relationship are supplied to signal
lines (source busline) 14a and 14b. Preferably, the gates of
the TFTs 16a and 16b are configured as a common gate.

[0172] Alternatively, in a configuration (described later) in
which the first sub-pixel and second sub-pixel each comprise
storage capacitor which is formed by a storage capacitor
electrode connected electrically to a sub-pixel electrode, an
insulating layer, and a storage capacitor counter electrode
opposing the storage capacitor electrode via the insulating
layer, it is preferable to provide the storage capacitor counter
electrodes of the first sub-pixel and second sub-pixel being
electrically independent of each other, and vary the root-
mean-square voltage applied to the liquid crystal layer of the
first sub-pixel and root-mean-square voltage applied to the
liquid crystal layer of second sub-pixel using capacitance
division by varying voltages (referred to as storage capacitor
counter electrode voltages) supplied to the storage capacitor
counter electrodes. By regulating the value of the storage
capacitor and magnitude of the voltages supplied to the
storage capacitor counter electrodes, it is possible to control
the magnitudes of the root-mean-square voltages applied to
the liquid crystal layers of the sub-pixels.

[0173] In this configuration, since there is no need to apply
different signal voltages to sub-pixel electrodes 18« and 185,
the TFTs 16a and 165 can be connected to a common signal
line and the same signal voltage can be supplied to them.
Therefore, the number of signal lines is the same as in the
case of the conventional liquid crystal display 100' shown in
FIG. 3 and it is possible to use a signal line drive circuit with
the same configuration as the conventional liquid crystal
display 100'. Of course, since the TFTs 16a and 165 are
connected to the same scan line, preferably they share a
common gate as in the case of the above example.

[0174] Preferably, the present invention is applied to lig-
uid crystal displays which use a vertically aligned liquid
crystal layer containing nematic liquid crystal material with
negative dielectric anisotropy. In particular, it is preferable
that the liquid crystal layer of each sub-pixel contains four
domains which are approximately 90 degrees apart in azi-
muth direction in which their liquid crystal molecules
incline when a voltage is applied (MVA). Alternatively, the
liquid crystal layer of each sub-pixel may maintain an
axially symmetrical alignment at least when voltage is
applied (ASM).

[0175] The embodiment of the present invention will be
described in more detail below in relation to an MVA liquid
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crystal display 100 in which the liquid crystal layer of each
sub-pixel contains four domains which are approximately 90
degrees apart in azimuth direction in which their liquid
crystal molecules incline when a voltage is applied.

[0176] As shown schematically in FIG. 2A, the MVA
liquid crystal display 100 comprises a liquid crystal panel
10A, phase difference compensating elements (typically,
phase difference compensating plates) 20¢ and 205 mounted
on both sides of the liquid crystal panel 10A, polarizing
plates 30a and 30b which sandwich them, and a backlight
40. The transmission axes (also known as polarization axes)
of the polarizing plates 30a and 30b are orthogonal to each
other (crossed-Nicols arrangement) so that black is dis-
played when no voltage is applied to the liquid crystal layer
(not shown) of the liquid crystal panel 10A (in a state of
vertical alignment). The phase difference compensating ele-
ments 20a and 205 are provided to improve viewing angle
characteristics of the liquid crystal display and are designed
optimally using known technologies. Specifically, they have
been optimized (gk=0) to minimize brightness (black level)
differences between when a black screen is viewed from the
front and when it is viewed obliquely from any azimuth
direction. When the phase difference compensating elements
20a and 20b are optimized in this way, the present invention
can produce more marked effects.

[0177] As a matter of course, the common scan line 12,
signal lines 144 and 14b, and TFTs 16a and 16b (see FIG.
1) are formed on a substrate 1la to apply predetermined
signal voltages to the sub-pixel electrodes 182 and 18b
respectively at predetermined times. Also, to drive these
components, circuits and the like are formed, as required.
Besides, color filters and the like are provided on another
substrate 11b, as required.

[0178] Structure of a pixel in the MVA liquid crystal
display 100 will be described with reference to FIGS. 2A
and 2C. Basic configuration and operation of an MVA liquid
crystal display is described, for example, in Japanese Laid-
Open Patent Publication No. 11-242225.

[0179] As described with reference to FIG. 1, the pixel 10
in the MVA liquid crystal display 100 has two sub-pixels 10
and 10b, of which the sub-pixel 10a has the sub-pixel
electrode 18¢ and the sub-pixel 106 has the sub-pixel
electrode 18b. As shown schematically in FIG. 2C, the
sub-pixel electrode 182 (and the sub-pixel electrode 185 (not
shown)) formed on the glass substrate 11a has a slit 18s and
forms a tilted electric field in conjunction with the counter
electrode 17 which is placed in opposing relation to the
sub-pixel electrode 18« across a liquid crystal layer 13. Also,
ribs 19 protruding towards the liquid crystal layer 13 are
provided on a surface of the glass substrate 115 on which the
counter electrode 17 is mounted. The liquid crystal layer 13
is made of nematic liquid crystal material with negative
dielectric anisotropy. When no voltage is applied, it is
aligned nearly vertically by a vertical alignment film (not
shown) which covers the counter electrode 17, ribs 19, and
sub-pixel electrodes 184 and 18b. The liquid crystal mol-
ecules aligned vertically can be laid down safely in a
predetermined direction by rib 19 surfaces (inclined faces)
and the tilted electric field.

[0180] As shown in FIG. 2C, the rib 19 is inclined toward
its center in such a way as to form an angle. The liquid
crystal molecules are aligned nearly vertically to the inclined
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faces. Thus, the ribs 19 determine distribution of the tilt
angle (angle formed by the substrate surface and long axis
of the liquid crystal molecules) of the liquid crystal mol-
ecules. The slit 18s regularly changes the direction of the
electric field applied to the liquid crystal layer. Conse-
quently, when the electric field is applied, the liquid crystal
molecules are aligned by the ribs 19 and slit 18s in four
directions—upper right, upper left, lower left, and lower
right—indicated by arrows in the figure, providing vertically
and horizontally symmetrical, good viewing angle charac-
teristics. A rectangular display surface of the liquid crystal
panel 10A is typically oriented with its longer dimension
placed horizontally and the transmission axis of the polar-
izing plate 30a placed parallel to the longer dimension. On
the other hand, the pixel 10 is typically oriented with its
longer dimension orthogonal to the longer dimension of the
liquid crystal panel 10A as shown in FIG. 2B.

[0181] Preferably, as shown in FIG. 2B, the areas of the
first sub-pixel 10z and second sub-pixel 106 are practically
equal, each of the sub-pixels contain a first rib extending in
a first direction and a second rib extending in a second
direction, the first rib and the second rib in each sub-pixel are
placed symmetrically with respect to a center line parallel to
the scan line 12, and rib arrangement in one of the sub-pixels
and rib arrangement in the other sub-pixel are symmetrical
with respect to the center line orthogonal to the scan line 12.
This arrangement causes the liquid crystal molecules in each
sub-pixel to be aligned in four directions—upper right,
upper left, lower left, and lower right—and makes the areas
of the liquid crystal domains in the entire pixel including the
first sub-pixel and second sub-pixel practically equal, pro-
viding vertically and horizontally symmetrical, good view-
ing angle characteristics. This effect is prominent when the
area of the pixel is small. Furthermore, it is preferable that
the center line parallel to the common scan line in each
sub-pixel is placed at an interval equal to approximately one
half of an array pitch of the scan line.

[0182] Next, description will be given of operation and
display characteristics of the liquid crystal display 100
according to the embodiment of the present invention.

[0183] First, with reference to FIG. 4, description will be
given of display characteristics of the MVA liquid crystal
display which has the same electrode configuration as the
conventional liquid crystal display 100' shown in FIG. 3.
Incidentally, display characteristics obtained when the same
root-mean-square voltage is applied to the liquid crystal
layers of the sub-pixels 10z and 105 (i.c., sub-pixel elec-
trodes 18a and 18b) in the liquid crystal display 100 accord-
ing to the embodiment of the present invention are approxi-
mately equal to those of the conventional liquid crystal
display.

[0184] FIG. 4A shows dependence of transmittance on
applied voltage when the display is viewed straightly from
the front (N1), from the right at an angle of 60 degrees (L1),
and from the upper right at an angle of 60 degrees (LUL).
FIG. 4B is a diagram showing the three transmittances in
FIG. 4A after being normalized by taking the transmittance
obtained by the application of the highest grayscale voltage
(voltage required to display white) as 100%. It shows
dependence of normalized transmittance on applied voltage
under the three conditions: a frontal viewing condition (N2),
right side 60-degree viewing condition (L.2), and upper-right
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side 60-degree viewing condition (LU2). Incidentally, the
phase “60 degrees” here means an angle of 60 degrees from
the normal to the display surface.

[0185] As can be seen from FIG. 4B, frontal viewing
display characteristics differ from right side 60-degree view-
ing and upper-right side 60-degree viewing display charac-
teristics. This indicates that the y characteristics depend on
the viewing direction.

[0186] FIG. 4C shows differences in the y characteristics
more lucidly. To illustrate the differences in the y charac-
teristics clearly, the horizontal axis represents (frontal nor-
malized transmittance/100)"(1/2.2) while the vertical axis
represents grayscale characteristics under the N3, [.3, and
LU3 conditions as follows: frontal viewing grayscale char-
acteristics=(frontal normalized transmittance/100)"(1/2.2),
right side 60-degree viewing grayscale characteristics (right
side 60-degree normalized transmittance/100)"(1/2.2), and
upper-right side 60-degree viewing grayscale characteris-
tics=(normalized upper-right side 60-degree viewing trans-
mittance/100)"(1/2.2), where “"* indicates power and the
reciprocal of the power exponent corresponds to a y value.
In a typical liquid crystal display, the y value for the frontal
viewing grayscale characteristics is set at 2.2.

[0187] Referring to FIG. 4C, ordinate values coincide
with abscissa values under the frontal viewing condition
(N3), and thus the grayscale characteristics under this con-
dition (N3) are linear. On the other hand, the right side
60-degree viewing grayscale characteristics (L3) and upper-
right side 60-degree viewing grayscale characteristics (LU3)
are curvilinear. Deviations of the curves (L3 and LU3) from
the straight line under the frontal viewing condition (N3)
quantitatively represent respective deviations in the y char-
acteristics, i.¢., deviations (differences) in grayscale display.

[0188] The present invention aims at reducing such devia-
tions in normally black liquid crystal display. Ideally, the
curves (L3 and LU3) which represent the right side 60-de-
gree viewing grayscale characteristics (L3) and upper-right
side 60-degree viewing grayscale characteristics (LU3)
coincide with the straight line which represent the frontal
viewing gray scale characteristics (N3). Effects on improv-
ing they characteristics will be evaluated below with refer-
ence to a drawing which shows deviations in the y charac-
teristics as is the case with FIG. 4C.

[0189] With reference FIG. 4B, description will be given
of a principle of how the present invention can reduce the
deviations in the y characteristics by providing a first sub-
pixel and second sub-pixel in each pixel and applying
different root-mean-square voltages to the liquid crystal
layers of the sub-pixels. It is assumed here that the first
sub-pixel and second sub-pixel have the same area.

[0190] With the conventional liquid crystal display 100", at
a voltage at which the frontal viewing transmittance is
represented by point NA, the right side 60-degree viewing
transmittance is represented by point LA representing the
right side 60-degree viewing transmittance at the same
voltage as the NA. With the present invention, to obtain the
same frontal viewing transmittance as at point NA, frontal
viewing transmittances of the first sub-pixel and second
sub-pixel can be set at points NB1 and NB2, respectively.
Since the frontal viewing transmittance at point NB2 is
approximately zero and the first sub-pixel and second sub-
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pixel have the same area, the frontal viewing transmittance
at point NB1 is twice the frontal viewing transmittance at
point NA. The difference in root-mean-square voltage
between points NB1 and NB2 is AVI12. Also, with the
present invention, the right side 60-degree viewing trans-
mittance is represented by point P, which is given as the
average of the right side 60-degree viewing transmittances
LB1 and LB2 at the same voltages as at points NB1 and
NB2, respectively.

[0191] With the liquid crystal display according to the
present invention, point P which represents the right side
60-degree viewing transmittance is closer to point NA which
represents the corresponding frontal viewing transmittance
than is point LA which represents the right side 60-degree
viewing transmittance of the conventional liquid crystal
display 100". This means reduced deviations in the y char-
acteristics.

[0192] From the above description, it can be seen that the
fact that the right side 60-degree viewing transmittance (sce
point 1.B2) of the second sub-pixel is approximately zero
enhances the effect of the present invention. Thus, to
enhance the effect of the present invention, it is preferable to
curb increases in transmittance when a black screen is
viewed obliquely. From this stand point, it is preferable to
install the phase difference compensating elements 20a and
20b shown in FIG. 2A, as required, so as to curb increases
in transmittance when a black screen is viewed obliquely.

[0193] The liquid crystal display 100 according to the
present invention improves the y characteristics by applying
different root-mean-square voltages to the two liquid crystal
layers of the respective sub-pixels 10a and 105 in each pixel
10. In so doing, the difference AV12(gk)=V1 (gk)-V2(gk)
between the root-mean-square voltages applied to the
respective liquid crystal layers of the sub-pixel 10a and
sub-pixel 106 is set in such a way as 1o satisfy the relation-
ships AV12(gk)>0 volts and AV12(gk) ZAV12(gk+1). Acase
in which the above relationships are satisfied in the entire
range of O<gk=n will be described below (FIGS. 5B and
5C).

[0194] FIGS. 5A, 5B, 5C, and 5D show various relation-
ships between the root-mean-square voltage V1(gk) applied
to the liquid crystal layer of the first sub-pixel 10a and
root-mean-square voltage V2(gk) applied to the liquid crys-
tal layer of the second sub-pixel 105 in the pixel 10 shown
in FIG. 1.

[0195] Under voltage application condition A shown in
FIG. 5A, the same voltage (V1=V2) is applied to the liquid
crystal layers of the two sub-pixels 10z and 105. Thus,
AV12(gk)=0 volts.

[0196] Under voltage condition B shown in FIG. 5B, the
relationship V1>V2 holds and AV12 is constant regardless
of the value of V1. Thus, under voltage condition B, the
relationship AV12(gk)=AV12(gk+1) is satisfied for any
grayscale gk. This embodiment uses AV12(gk)=1.5 volts as
a typical value, but, of course, another value may be used.
A large value of AV12(gk) enhances the effect of the present
invention, but poses a problem of lowered brightness (trans-
mittance) in white mode. Furthermore, there is the problem
that when the value of AV12(gk) exceeds a threshold voltage
(i.e., Vth shown in FIG. 4B) for the transmittance of the
liquid crystal display, the brightness (transmittance) in black
mode increases, lowering display contrast. Thus, it is pref-
erable that AV12(gk)=Vih.
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[0197] Under voltage condition C shown in FIG. 5C, the
relationship V1>V2 holds and AVI12 decreases with
increases in V1. Thus, under voltage condition C, the
relationship AV12(gk)>AV12(gk+1) is satisfied for any

grayscale gk.

[0198] This embodiment uses AV12(0)=1.5 volts and
AV12(n)=0 volts as typical values, but, of course, other
values may be used. However, as described above, it is
preferable that AV12(gk)=Vth from the standpoint of dis-
play contrast during oblique viewing while it is preferable
that AV12(rn)=0 volts from the standpoint of brightness in
white mode.

[0199] Under voltage condition D shown in FIG. 5D, the
relationship V1>V2 holds and AV12 increases with
increases in V1. Thus, under voltage condition D, the
relationship AV12(gk)<AV12(gk+1) holds for any grayscale

gk.

[0200] This embodiment uses AV12(0)=0 volts and
AV12(n)=1.5 volts as typical values.

[0201] In the liquid crystal display 100 according to the
embodiment of the present invention, voltage is applied to
the liquid crystal layers of the sub-pixels 10a and 105 such
that voltage condition B or voltage condition C will be
satisfied. Incidentally, although the condition AV12>0 is
satisfied for all grayscales in FIGS. 5B and 5C, AV12=0 is
all right in the case of an optimum grayscale or the highest
grayscale.

[0202] Grayscale characteristics of the MVA liquid crystal
display under voltage conditions A to D will be described
with reference to FIG. 6. The horizontal axis in FIGS. 6A
and 6B represents (frontal normalized transmittance/100)
"(1/2.2), the vertical axis in FIG. 6A represents (right side
60-degree normalized transmittance/100) (1/2.2), and the
vertical axis in FIG. 6B represents (normalized upper-right
side 60-degree viewing transmittance/100)"(1/2.2). A
straight line which represents frontal viewing grayscale
characteristics is shown together for the purpose of refer-
ence.

[0203] Under voltage condition A, the same voltage
(AV12(gk)=0) is applied to the liquid crystal layers of the
sub-pixels 10 and 10b. As shown in FIGS. 6A and 6B, the
y characteristics deviate greatly, as with the conventional
liquid crystal display shown in FIG. 4.

[0204] Voltage condition D has less effect on reducing the
viewing angle dependence of y characteristics than do volt-
age conditions B and C. Voltage condition D corresponds,
for example, to voltage conditions for pixel division using
conventional capacitance division described in Japanese
Laid-Open Patent Publication No. 6-332009. Although it has
the effect of improving viewing angle characteristics in
normally white mode, it does not have much effect on
reducing the viewing angle dependence of y characteristics
in normally black mode.

[0205] As described above, preferably voltage condition B
or C is used to reduce viewing angle dependence of y
characteristics in normally black mode.

[0206] Next, with reference to FIG. 7, description will be
given of variations in white-mode transmittance among
voltage conditions, i.e., when the highest grayscale voltage
is applied.
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[0207] The transmittance in white mode is naturally lower
under voltage conditions B and D than under voltage con-
dition A. The transmittance in white mode under voltage
condition C is equivalent to transmittance under voltage
condition A. In this respect, voltage condition C is preferable
to voltage conditions B and D. Thus, taking into consider-
ation the viewing angle dependence of y characteristics as
well as transmittance in white mode, it can be said that
voltage condition C is superior.

[0208] Next, preferable area ratios between sub-pixels will
be described.

[0209] According to the present invention, if the root-
mean-square voltages applied to the liquid crystal layers of
the sub-pixels SP1, SP2, . . ., and SPn are V1, V2,. .., Vn,
if the areas of the sub-pixels are SSP1,SSP2, . . ., and SSPn,
and if a relationship V1>V2> . . . >Vn holds, preferably, a
relationship SSP1=SSPn is satisfied. This will be described
below.

[0210] Assuming that SSP1 and SSP2 are the area of the
sub-pixels 10z and 10b in the pixel 10 shown in FIG. 1,
FIG. 8 compares y characteristics among their area ratios
(SSP1:SSP2)=(1:3), (1:2), (1:1), (2:1), (3:1) under voltage
condition C. FIG. 8A shows right viewing vy characteristics
while FIG. 8B shows upper-right viewing y characteristics.
FIG. 9 shows frontal viewing transmittance for different
split ratios.

[0211] As can be seen from FIG. 8, decreasing the area
ratio of the sub-pixel (10a) to which the higher voltage is
applied is more effective in reducing the viewing angle
dependence of y characteristics.

[0212] The transmittance in white mode takes the maxi-
mum value when the area ratio is (SSP1:SSP2)=(1:1) and
lowers as the area ratio becomes uneven. This is because a
good multi-domain vertical alignment is no longer available
if the area ratio becomes uneven, reducing the area of the
first sub-pixel or second sub-pixel. This tendency is pro-
nounced in high-resolution liquid crystal displays, which has
small pixel areas. Thus, although it is preferable that the area
ratio is 1:1, it can be adjusted, as required, taking into
consideration its effect on reducing the viewing angle depen-
dence of y characteristics, the transmittance in white mode,
the uses of the liquid crystal display, etc.

[0213] Next, the number of pixel divisions will be
described.

[0214] Although with the liquid crystal display 100 shown
in FIG. 1, a pixel 10 is composed of two sub-pixels (10« and
10b), the present invention is not limited to this and the
number of sub-pixels may be three or more.

[0215] FIG. 10 compares the y characteristics obtained
under three conditions: when a pixel is divided into two
sub-pixels, when a pixel is divided into four sub-pixels, and
when a pixel is not divided. FIG. 10A shows right viewing
v characteristics while FIG. 10B shows upper-right viewing
v characteristics. FIG. 11 shows corresponding transmit-
tances of the liquid crystal display in white mode. The area
of a pixel was constant and voltage condition B was used.

[0216] It can be seen from FIG. 10, increases in the
number of sub-pixels increase the effect of correcting the
deviations in y characteristics. Compared to when pixels are
not divided, the effect is especially pronounced when a pixel
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is divided into two sub-pixels. When the number of divisions
is increased from two to four, although there is not much
difference in deviations in y characteristics, characteristics
are improved in terms of smooth changes in deviations in
relation to grayscale changes. However, as can be seen from
FIG. 11, the transmittance (frontal viewing) in white mode
falls as the number of divisions increases. It falls greatly,
especially when the number of divisions is increased from
two to four. The main reason for this great fall is that the area
of each sub-pixel is reduced greatly as described above. The
main reason for reduction in transmittance when no-division
and two-division conditions are compared is the use of
voltage condition B. Thus, it is advisable to adjust the
number of divisions, as required, taking into consideration
its effect on reducing the viewing angle dependence of y
characteristics, the transmittance in white mode, the uses of
the liquid crystal display, etc.

[0217] From the above, it can be scen that deviations in y
characteristics, shape distortion of the deviations, and the
viewing angle dependence of vy characteristics are reduced
with increases in the number of pixel divisions. These effects
are most pronounced when no-division and two-division
(two sub-pixels) conditions are compared. Thus, it is pref-
erable to divides a pixel into two sub-pixels, considering
also the falls in white-mode transmittance resulting from
increases in the number of sub-pixels as well as falls in
manufacturability.

[0218] In the liquid crystal display 100 shown in FIG. 1,
the sub-pixels 10 and 10D are connected independently of
each other to the TFT 164 and TFT 165, respectively. The
source electrodes of the TFTs 164 and 16b are connected to
the signal lines 14a and 14, respectively. Thus, the liquid
crystal display 100 allows any root-mean-square voltage to
be applied to each of the liquid crystal layers of sub-pixels,
but requires twice as many signal lines (14a and 14b) as the
signal lines 14 of the conventional liquid crystal display 100/
shown in FIG. 3, also requiring twice as many signal line
drive circuits.

[0219] In contrast, a liquid crystal display 200 according
to another preferred embodiment of the present invention
has the same number of signal lines as does the conventional
liquid crystal display 100/, but can apply mutually different
root-mean-square voltages to the liquid crystal layers of the
sub-pixels 10z and 105 under a voltage condition similar to
the voltage condition C described above.

[0220] FIG. 12 schematically shows an electrical configu-
ration of the liquid crystal display 200 according to the other
embodiment of the present invention. Components which
have practically the same functions as those of the liquid
crystal display 100 shown in FIG. 1 are denoted by the same
reference numerals as the corresponding components and
description thereof will be omitted.

[0221] A pixel 10 is divided into sub-pixels 10z and 105,
which are connected with TFT 164 and TFT 165 and storage
capacitors (CS) 22a and 22b, respectively. The TFT 164 and
TFT 16b have their gate electrodes connected to a scan line
12, and their source electrodes to the a common (the same)
signal line 14. The storage capacitors 224 and 22b are
connected to storage capacitor lines (CS bus line) 24a and
24b, respectively. The storage capacitors 22a and 22b are
formed, respectively, by storage capacitor electrodes elec-
trically connected with sub-pixel electrodes 184 and 18b,
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storage capacitor counter electrodes electrically connected
with the storage capacitor lines 24 and 24b, and insulating
layers (not shown) formed between them. The storage
capacitor counter electrodes of the storage capacitors 22a
and 22b are independent of each other and are supplied with
mutually different storage capacitor counter voltages from
the storage capacitor lines 24a and 24b.

[0222] Next, with reference to drawings, description will
be given of a principle of how the liquid crystal display 200
can apply different root-mean-square voltages to the liquid
crystal layers of the sub-pixels 10a and 10b.

[0223] FIG. 13 shows an equivalent circuit for one pixel
of the liquid crystal display 200. In the electric equivalent
circuit, the liquid crystal layers of the sub-pixels 10a and
10b are denoted by 13a and 13b. Liquid crystal capacitors
formed by the sub-pixel electrodes 18«4 and 18b, liquid
crystal layers 13 and 13b, and counter electrode 17 (com-
mon to the sub-pixels 10a and 10b) are denoted by Clca and
Cleb.

[0224] It is assumed that the liquid crystal capacitors Clca
and Clcb have the same capacitance value CLC(V). The
value of CLC(V) depends on the root-mean-square voltages
applied to the liquid crystal layers of the sub-pixels 10z and
10b. The storage capacitors 22a and 22b connected to liquid
crystal capacitors of the sub-pixels 10a and 105 indepen-
dently of each other are represented by Cesa and Ccsb and
it is assumed that their capacitance value is CCS.

[0225] Both liquid crystal capacitor Clca of the sub-pixel
10z and storage capacitor Ccsa have one of their electrodes
connected to the drain electrode of the TFT 16a provided to
drive the sub-pixel 10a. The other electrode of the liquid
crystal capacitor Clca is connected to the counter electrode
while the other electrode of the storage capacitor Ccsa is
connected to the storage capacitor line 24a. Both liquid
crystal capacitor Clcb of the sub-pixel 105 and storage
capacitor Cesb have one of their electrodes connected to the
drain electrode of the TFT 16b provided to drive the
sub-pixel 10b. The other electrode of the liquid crystal
capacitor Cleb is connected to the counter electrode while
the other electrode of the storage capacitor Cesb is con-
nected to the storage capacitor line 24b. The gate electrodes
of the TFT 16a and TFT 16b are connected to the scan line
12 and their source electrodes are connected to the signal
line 14.

[0226] FIG. 14 schematically shows voltage application
timings for driving the liquid crystal display 200.

[0227] In FIG. 14, the waveform (a) is a voltage wave-
form Vs of the signal line 14, the waveform (b) is a voltage
waveform Vesa of the storage capacitor line 244, the wave-
form (c) is a voltage waveform Vesb of the storage capacitor
line 24b, the waveform (d) a voltage waveform Vg of the
scan line 12, the waveform (¢) is a voltage waveform Vica
of the sub-pixel electrode 184 of the sub-pixel 10a, and the
waveform (f) is a voltage waveform Vlcb of the sub-pixel
electrode 18b of the sub-pixel 10b. The broken lines in the
figures indicate a voltage waveform COMMON (Vcom) of
the counter electrode 17.

[0228] Operation of the equivalent circuit in FIG. 13 will
be described with reference to FIG. 14.

[0229] At time T1, when the voltage Vg changes from
VgL to VgH, the TFT 16a and TFT 16b are turned on
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simultaneously and the voltage Vs is transmitted from the
signal line 14 to the sub-pixel electrodes 18« and 18b of the
sub-pixels 10z and 105, causing the sub-pixels 10z and 10b
to be charged. Similarly, the storage capacitors Csa and Csb
of the respective sub-pixels are charged from the signal line.

[0230] At time T2, when the voltage Vg of the scan line 12
changes from VgH to VgL, the TFT 16a and TFT16b are
turned off simultaneously. Consequently, the sub-pixels 104
and 10b and storage capacitors Csa and Csb are all cut off
from the signal line 14. Immediately afterwards, due to
drawing effect caused by parasitic capacitance of the TFT
164 and TFT 16) and the like, voltages Vlca and Vlcb of the
respective sub-pixels fall by approximately the same voltage
Vd to:

Vica=Vs-Vd

Vieb=Vs-Vd
[0231] At this time, the voltages Vesa and Vesb of the
respective storage capacitor lines are:

Vesa=Veom-Vad

Vesb=Vcom+Vad
[0232] At time T3, the voltage Vesa of the storage capaci-
tor line 24a connected to the storage capacitor Csa changes
from “Vcom-Vad” to “Vcom+Vad” and the voltage Vesb of
the storage capacitor line 24b connected to the storage
capacitor Csb changes by twice Vad from “Vcom+Vad” to
“Veom-Vad”. As a result of the voltage changes of the
storage capacitor lines 24a and 24b, voltages Vlca and Vicb
of the respective sub-pixels change to:

Vica=Vs-Vd+2*Kc*Vad

Vich=Vs-Vd-2*Kc*Vad

[0233] where, Ke=CCS/(CLC (V)+CCS), “*” indi-

cates multiplication.

[0234] At time T4, Vcsa changes from “Vcom+Vad” to
“Veom-Vad” and Vesb changes from “Vcom-Vad” to
“Veom+Vad,” by twice Vad. Consequently, Vlca and Vicb
change from:

Vica=Vs-Vd+2*Kc*Vad

Vich=Vs-Vd-2"Ke*Vad

[0235] To:

Vica=Vs-Vd

Vieb=Vs-Vd
[0236] At time T3, Vcsa changes from “Vcom-Vad” to
“Veom+Vad,” by twice Vad and Vesb changes from
“Veom+Vad” to “Vcom-Vad,” by twice Vad. Consequently,
Vlca and Vlcb change from:

Vica=Vs-Vd

Vieb=Vs-Vd

[0237] To:

Vica=Vs-Vd+2*Kc*Vad

Vich=Vs-Vd-2*Ke*Vad
[0238] Vcsa, Vesb, Vica, and Vieb alternate the above
changes at T4 and TS5 at intervals of an integral multiple of
horizontal write time 1 H. The multiple—1, 2, or 3—used
for the alternating intervals can be set, as required, by taking
into consideration a drive method (method of polarity inver-
sion, etc.) and display conditions (flickering, graininess,
etc.) of the liquid crystal display. These alternating cycles



US 2005/0122441 A1l

are repeated until the pixel 10 is rewritten the next time, i.e.,
until a time equivalent to T1. Thus, effective values of the
voltages Vlca and Vlcb of the sub-pixels are:

Vica=Vs-Vd+Kc*Vad
Vicb=Vs-Vd-Kc*Vad

[0239] Thus, the root-mean-square voltages V1 and V2
applied to the liquid crystal layers 13a¢ and 13b of the
sub-pixels 10g and 105 are:

V1=Vica-Vcom
V2=Vicb-Vcom

[0240]

V1=Vs-Vd+Kc*Vad-Vcom

Hence,

V2=Vs-Vd-Kc*Vad-Vcom

[0241] Therefore, difference AV12(=V1-V2) between the
root-mean-square voltages applied to the liquid crystal lay-
ers 13a and 13D of the sub-pixels 10g and 105 is given as
AV12=2*Kc*Vad (where, Ke=CCS/(CLC (V)+CCS)). This
means that mutually different voltages can be applied.

[0242] The relationship between V1 and V2 according to
this embodiment shown in FIGS. 12 to 14 is shown sche-
matically in FIG. 15.

[0243] As can be seen from FIG. 15, in the liquid crystal
display 200 according to this embodiment, the smaller the
value of V1, the larger the value of AV12. This is similar to
the results obtained under the voltage condition C described
above. The fact that the value of AV12 changes depending
on V1 or V2 is attributable to voltage dependence of the
capacitance value CLC (V) of the liquid crystal capacitor.

[0244] The y characteristics of the liquid crystal display
200 according to this embodiment is shown in FIG. 16. The
v characteristics obtained when the same voltage is applied
to the sub-pixels 10 and 10b are also shown in FIG. 16 for
comparison. It can be seen from the figure that y character-
istics are improved also in the liquid crystal display accord-
ing to this embodiment.

[0245] As described above, embodiments of the present
invention can improve the y characteristics of normally
black liquid crystal displays, especially MVA liquid crystal
displays. However, the present invention is not limited to
this and can be applied to IPS liquid crystal displays as well.

[0246] Next, description will be given of liquid crystal
displays according to embodiments in a second aspect of the
present invention.

[0247] Description will be given of a preferred form of a
pixel arrangement (array of sub-pixels) or drive method
which can reduce “flickering” on a liquid crystal display
where each pixel has at least two sub-pixels differing from
each other in brightness when displaying an intermediate
gray scale. Although configuration and operation of the
liquid crystal display according to this embodiment will be
described here taking as an example the liquid crystal
display with the divided pixel structure according to the
embodiment in the first aspect of the present invention, the
effect produced by a pixel arrangement is not restricted by
a method of pixel division, and a liquid crystal display with
another divided-pixel structure may be used as well.
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[0248] A problem of “flickering” on a liquid crystal dis-
play will be described first.

[0249] Typical liquid crystal displays are designed to use
alternating voltage as the voltage applied to liquid crystal
layers of pixels (sometimes referred to as an “ac driving
method”) from a reliability point of view. Magnitude rela-
tionship in potential between pixel electrode and counter
clectrode is reversed at certain time Intervals, and conse-
quently, direction of the electric field (electric lines of force)
applied to each liquid crystal layer is reversed at the time
intervals. With typical liquid crystal displays in which the
counter electrode and pixel electrode are mounted on dif-
ferent substrates, the direction of the electric field applied to
each liquid crystal layer is reversed from the light source-
to-viewer direction to the viewer-to-light source direction.

[0250] Typically, the direction reversal cycle of the elec-
tric field applied to each liquid crystal layer is twice (e.g.,
33.333 ms) the frame period (e.g., 16.667 ms). In other
words, in a liquid crystal display, the direction of the electric
field applied to each liquid crystal layer is reversed each time
a displayed image (frame image) changes. Thus, when
displaying a still image, if electric field strengths (applied
voltages) in alternate directions do not match exactly, i.c., if
the electric field strength changes each time the direction of
the electric field changes, the brightness of pixels changes
with changes in the electric field strength, resulting in
flickering of the display.

[0251] To prevent flickering, it is necessary to equate the
electric field strengths (applied voltages) in alternate direc-
tions exactly. However, with liquid crystal displays pro-
duced industrially, it is difficult to exactly equate the electric
field strengths in alternate directions. Therefore, to reduce
flickering, pixels with electric fields opposite in direction are
placed next to each other, thereby averaging brightness of
pixels spatially. Generally, this method is referred to as “dot
inversion” or “line inversion”. Various “inversion driving”
methods are available, including inversion of a checkered
pattern on a pixel by pixel basis (row-by-row, column-by-
column polarity inversion: 1-dot inversion), line-by-line
inversion (row-by-row inversion: 1-line inversion), and
polarity inversion every two rows and every column. One of
them is selected as required.

[0252] As described above, to implement high quality
display, preferably the following three conditions are satis-
fied: (1) use ac driving so that the direction of the electric
field applied to each liquid crystal layer is reversed at certain
time intervals, for example, every frame period, (2) equate
the voltages applied to each liquid crystal layer (or quantities
of electric charge stored in the liquid crystal capacitor) in
alternate field directions as well as quantities of electric
charge stored in the storage capacitor, and (3) place pixels
opposite in the direction of the electric field (sometimes
referred to as “voltage polarity”) applied to the liquid crystal
layer, next to each other in each vertical scanning period
(e.g., frame period). Incidentally, the term “vertical scanning
period” can be defined as the period after a scan line is
selected until the scan line is selected again. One scanning
period is equivalent to one frame period in the case of
non-interlaced driving and corresponds to one field period in
the case of interlaced driving. Also, in each vertical scanning
period, the difference (period) between the time when a scan
line is selected and the time when the scan line is selected
again is referred to as one horizontal scanning period (1 H).
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[0253] The above-described embodiment of the present
invention implements display with excellent viewing angle
characteristics by dividing each pixel into at least two
sub-pixels and making their brightness (transmittance) dif-
ferent from cach other. The inventor found that when each
pixel is divided into a plurality of sub-pixels which are
intentionally made to vary in brightness, it is preferable that
a fourth condition concerning sub-pixel arrangement is
satisfied in addition to the three conditions described above.
Specifically, it is preferable that the sub-pixels which are
intentionally made to vary in brightness are placed in
random order of brightness whenever possible. It is most
preferable in terms of display quality not to place sub-pixels
equal in brightness next to each other in the column or row
direction. In other word, most preferably sub-pixels equal in
brightness are arranged in a checkered pattern.

[0254] A drive method, pixel arrangement, and sub-pixel
arrangement suitable for the above-described embodiment
of the present invention will be described below. An
example of a drive method for the liquid crystal display
according to the embodiment of the present invention will be
described with reference to FIGS. 17 and 18.

[0255] Description will be given below, citing an example
in which pixels are arranged in a matrix (rp, cq) with a
plurality of rows (1 to rp) and plurality of columns (1 to cg),
where each pixel is expressed as P (p, q)(where 1 =p=rp and
1£q=cq) and has at least two sub-pixels SPa(p, q) and
SPb(p, q), as shown in FIG. 17. FIG. 17 is a schematic
diagram partially showing a relative arrangement (8 rowsx6
columns) of: signal lines S-C1, S§-C2, S-C3, S-(4, . . .,
S-Ceq; scan lines G-L1, G-1.2, G-L3, G-Lrp; storage capaci-
tor lines CS-A and CS-B; pixels P(p, q); and sub-pixels
SPa(p, q) and SPb(p, q) which compose the pixels, in the
liquid crystal display according to this embodiment.

[0256] As shown in FIG. 17, one pixel P (p, q) has
sub-pixels SPa(p, q) and SPb(p, q) on either side of the scan
line G-Lp which runs through the pixel horizontally at
approximately the center. The sub-pixels SPa(p, q) and
SPb(p, q) are arranged in the column direction in each pixel.
The storage capacitor electrodes (not shown) of the sub-
pixels SPa(p, q) and SPb(p, q) are connected to adjacent
storage capacitor lines CS-A and CS-B, respectively. The
signal lines S-Ccq which supply signal voltages to the pixels
P(p, q) according to the image displayed run vertically (in
the column direction) between pixels to supply the signal
voltages to TFT elements (not shown) of the sub-pixels on
the right of the signal lines. According to the configuration
shown in FIG. 17, one storage capacitor line or one scan line
is shared by two sub-pixels. This has the advantage of
increasing the opening rate of pixels.

[0257] FIG. 18 shows the waveforms (a)-(j) of various
voltages (signals) used to drive a liquid crystal display with
the configuration shown in FIG. 17. By driving the liquid
crystal display which has the configuration shown in FIG.
17 with voltages which have the voltage waveforms ()-(j)
shown FIG. 18, it is possible to satisfy the four conditions
described above.

[0258] Next, description will be given of how the liquid
crystal display according to this embodiment satisfies the
four conditions described above. For the simplicity of expla-
nation, it is assumed that all pixels are displaying an
intermediate grayscale.
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[0259] In FIG. 18, the waveform (a) is display signal
voltage waveforms (source signal voltage waveforms) sup-
plied to the signal lines S-C1, S-C3, S-CS5, . . . (a group of
odd-numbered signal lines are sometimes referred to as
S-0); the waveform (b) is display signal voltage waveforms
supplied to the signal lines S-C2, S-C4, S-C6, . . . (a group
of even-numbered signal lines are sometimes referred to as
S-E); the waveform (c¢) is a storage capacitor counter voltage
waveform supplied to the storage capacitor line CS-A; the
waveform (d) is a storage capacitor counter voltage wave-
form supplied to CS-B; the waveform (e) is a scan voltage
waveform supplied to the scan line G-L1; the waveform (f)
is a scan voltage waveform supplied to the scan line G-1.2;
the waveform (g) is a scan voltage waveform supplied to the
scan line G-L3; the waveform (h) is a scan voltage wave-
form supplied to the scan line G-L4; the waveform (i) is a
scan voltage waveform supplied to the scan line G-LS; and
the waveform (j) is a scan voltage waveform supplied to the
scan line G-L6. The period between the time when the
voltage of a scan line changes from a low level (VgL) to a
high level (VgH) and the time when the voltage of the next
scan line changes from VgL to VgH constitutes one hori-
zontal scanning period (1 H). The period during which the
voltage of a scan line remains at a high level (VgH) is
sometimes referred to as a selection period PS.

[0260] Since all pixels are displaying an intermediate
grayscale, all display signal voltages (waveforms (a) and (b)
in FIG. 18) have oscillating waveforms of fixed amplitude.
Also, the oscillation period of the display signal voltages is
two horizontal scanning periods (2 H). The reason why the
display signal voltages are oscillating and the voltage wave-
forms of the signal lines S-O (S-C1, S-C3, . . .) and voltage
waveforms of the signal lines S-E (S-C2, S-C4, . . . ) are 180
degrees out of phase is to satisfy the third condition above.
Generally, in TFT driving, signal line voltages transmitted to
a pixel electrode via TFT elements are affected by changes
in scan voltage waveforms (sometimes called a drawing
phenomenon). Considering the drawing phenomenon, the
counter voltage is positioned approximately at the center of
the signal line voltage waveform after the latter is transmit-
ted to the pixel electrode. In FIG. 18, where the pixel
electrode voltage waveform is higher than counter voltage,
the signal voltage is indicated by a “+” sign and where the
pixel electrode voltage waveform is lower than counter
voltage, the signal voltage is indicated by a “~” sign. The
“+” and “~” signs correspond to the directions of the electric
field applied to the liquid crystal layers. The directions of the
electric field are opposite between when the sign is “+” and
when it is “-”.

[0261] As described above with reference to FIGS. 12 to
15, when the scan voltage of a scan line is VgH, the TFT
connected to the scan line is turned on, causing the display
signal voltage to be supplied to the sub-pixel connected to
the TFT. Then, when the scan voltage of the scan line
becomes Vgl., the storage capacitor counter voltage
changes. Since the changes (including the direction and sign
of the changes) of the storage capacitor counter voltage
differ between the two sub-pixels, so do the root-mean-
square voltages applied to the sub-pixels.

[0262] In the example shown in FIG. 18, both oscillation
amplitudes and periods of the storage capacitor counter
voltages (waveforms (c) and (d)) take the same values
between the storage capacitor lines CS-A and CS-B: for
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example, twice Vad (see FIG. 14) and 1 H, respectively.
Also, the oscillating waveforms of CS-A and CS-B will
overlap if one of them is phase-shifted 180 degrees. That is,
they are 0.5H out of phase with each other. An average
voltage of each sub-pixel electrode is higher than the display
signal voltage of the corresponding signal line existing
during the period when the corresponding scan line is in
VgH state if the first voltage change of the corresponding
storage capacitor line after the voltage of the corresponding
scan line changes from VgH to VgL is an increase, but it is
lower than the display signal voltage of the corresponding
signal line existing during the period when the correspond-
ing scan line is in VgH state if the first voltage change of the
corresponding storage capacitor line is a decrease.

[0263] Consequently, if the display signal voltage (wave-
form (a) or (b)) in FIG. 18 is marked by a “+” sign, the
root-mean-square voltage applied to the liquid crystal layer
is higher when the voltage change of the storage capacitor
line is on the rise than when it is on the decline. On the other
hand, if the display signal voltage (waveform (a) or (b)) in
FIG. 18 is marked by a “-” sign, the root-mean-square
voltage applied to the liquid crystal layer is lower when the
voltage change of the storage capacitor line is on the rise
than when it is on the decline.

[0264] FIG. 17 shows states of the pixels P(p, q) and
sub-pixels SPa(p, q) and SPb(p, q) in a vertical scanning
period (frame period, in this example). The following three
symbols shown symmetrically with respect to the scan line
of each sub-pixel indicate states of the sub-pixel.

[0265] The first symbol H or L indicates the magnitude
relationship of the root-mean-square voltage applied to the
sub-pixel, where the symbol H means that the applied
root-mean-square voltage is high while the symbol L. means
that the applied root-mean-square voltage is low. The second
symbol “+” or “~” indicates the magnitude relationship of
voltages between the counter electrode and sub-pixel elec-
trode. In other words, it indicates the directions of the
electric field applied to the liquid crystal layer. The symbol
“+” means that the voltage of the sub-pixel electrode is
higher than the voltage of the counter electrode while the
symbol “~” means the voltage of the sub-pixel electrode is
lower than the voltage of the counter electrode. The third
symbol A or B indicates whether the appropriate storage
capacitor line is CS-A or CS-B.

[0266] Look at the states of sub-pixels SPa(1, 1) and
SPb(1, 1) of the pixel P(1, 1), for example. As can be seen
from the waveforms (a) to (¢) shown in FIG. 18, during the
period when GL-1 is selected (period PS in which the scan
voltage is VgH), the display signal voltage is “+”. When the
scan voltage of GL-1 changes from VgH to VgL, the
voltages of the storage capacitor lines of respective sub-
pixels (waveforms (c) and (d)) are in the states indicated by
the arrows (the first arrows from the left) shown in FIG. 18.
Thus, after the scan voltage of GL-1 changes from VgH to
VgL, the first voltage change of the storage capacitor
counter voltage of SPa(1, 1) is an increase (indicated by “U”
in the waveform (c)) as shown in FIG. 18. On the other
hand, after the scan voltage of GL-1 changes from VgH to
VgL, the first voltage change of the storage capacitor
counter voltage of SPb(1, 1) is a decrease (indicated by “D”
in the waveform (d)) as shown in FIG. 18. Therefore, the
root-mean-square voltage of SPa(1, 1) increases while the
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root-mean-square voltage of SPb(1, 1) decreases. Hence, the
applied root-mean-square voltage of SPa(1, 1) is higher than
that of SPb(1, 1), and a symbol H is attached to SPa(1, 1) and
a symbol L is attached to SPb(1, 1).

[0267] According to the waveform (b) shown in FIG. 18,
during the period when GL-1 is selected, the display signal
voltages for SPa(1, 2) and SPb(1, 2) of P(1, 2) is “~”. When
the scan voltage of GL-1 changes from VgH to VgL, the
voltages of the storage capacitor lines of respective sub-
pixels (waveforms (c) and (d)) are in the states indicated by
the arrows (the first arrows from the left) shown in FIG. 18.
Thus, after the scan voltage of GL-1 changes from VgH to
VgL, the first voltage change of the storage capacitor
counter voltage of SPa(1, 2) is an increase (“U”) as shown
in FIG. 18. On the other hand, after the scan voltage of GL-1
changes from VgH to VgL, the first voltage change of the
storage capacitor counter voltage of SPb(1, 2) is a decrease
(“D”) as shown in FIG. 18. Therefore, the root-mean-square
voltage of SPa(1, 2) decreases while the root-mean-square
voltage of SPb(1, 2) increases. Hence, the applied root-
mean-square voltage of SPa(l, 2) is lower than that of
SPb(1, 2), and a symbol L is attached to SPa(l, 2) and a
symbol H is attached to SPb(1, 2).

[0268] According to the waveform (a) shown in FIG. 18,
during the period when GL-2 is selected, the display signal
voltages for (2, 1) and SPb(2, 1) of P(2, 1) is “~”. When the
scan voltage of GL-2 changes from VgH to VgL, the
voltages of the storage capacitor lines of respective sub-
pixels (waveforms (c) and (d)) are in the states indicated by
the arrows (the second arrows from the left) shown in FIG.
18. Thus, after the scan voltage of GL-2 changes from VgH
to VgL, the first voltage change of the storage capacitor
counter voltage of SPa(2, 1) is a decrease (“D”) as shown in
FIG. 18D. On the other hand, after the scan voltage of GL-2
changes from VgH to VgL, the first voltage change of the
storage capacitor counter voltage of SPb(2, 1) is an increase
(*U”) as shown in FIG. 18C. Therefore, the root-mean-
square voltage of SPa(2, 1) increases while the root-mean-
square voltage of SPb(2, 1) decreases. Hence, the applied
root-mean-square voltage of SPa(2, 1) is higher than that of
SPb(2, 1), and a symbol H is attached to SPa(2, 1) and a
symbol Lis attached to SPb(2, 1). The states shown in FIG.
17 are brought about in this way.

[0269] The liquid crystal display according to this embodi-
ment can be driven in such a way as to satisfy the first
condition.

[0270] Since FIGS. 17 and 18 show states in a frame
period, it is not possible to assess from the figures whether
the first condition is satisfied. However, by shifting the phase
of the voltage waveform on each signal line (S-O (FIG.
18A) or S-E (FIG. 18B)) by 180 degrees from frame to
frame, for example, in FIG. 18, it is possible to implement
ac driving where the direction of the electric field applied to
each liquid crystal layer is reversed every frame period.

[0271] Furthermore, in the liquid crystal display according
to this embodiment, to prevent the magnitude relationship of
the sub-pixels of the pixels, i.., the order of brightness of
the sub-pixels in a display screen (relative positions of “H”
and “L” in FIG. 17) from being changed from frame to
frame, the phase of the voltage waveforms on the storage
capacitor lines CS-A and CS-B is changed by 180 degrees as
the phase of the voltage waveforms on the signal lines is
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changed. Consequently, the “+” signs and “~” signs shown
in FIG. 17 are inverted in the next frame (for example, (+,
H) <(-, H), and (+, L)s>(-, L). The first condition
described above can be satisfied in this way.

[0272] Now, we will examine whether the second condi-
tion is satisfied, i.e., whether the liquid crystal layer of each
sub-pixel (storage capacitor of the sub-pixel) is charged to
the same level in different field directions. In the liquid
crystal display according to this embodiment, where differ-
ent root-mean-square voltages are applied to the liquid
crystal layers of the sub-pixels in each pixel, display quality
such as flickering is decisively influenced by sub-pixels
ranked high in brightness, i.e., the sub-pixels indicated by
the symbol “H” in FIG. 17. Thus, the second condition is
imposed especially on the sub-pixels indicated by the sym-
bol “H”.

[0273] The second condition will be described with ref-
erence to voltage waveforms shown in FIG. 18.

[0274] The Liquid crystal capacitor and storage capacitor
of sub-pixels are charged during the period when the voltage
of the corresponding scan line is VgH (selection period PS).
The quantity of electric charge stored in the liquid crystal
capacitor depends on the voltage difference between the
display signal voltage of the signal line and counter voltage
(not shown in FIG. 18) during the selection period while the
quantity of electric charge stored in the storage capacitor
depends on the voltage difference between the display signal
voltage of the signal line and voltage of the storage capacitor
line (storage capacitor counter voltage) during the selection
period.

[0275] As shown in FIG. 18, the display signal voltage in
each selection period can be one of the two types indicated
by the “+” or “~” sign in the figures. In either case, there is
no voltage change during each selection period. Regarding
the counter voltage (not shown), the same DC voltage which
does not vary with time is applied to all the sub-pixels.

[0276] There are two types of storage capacitor line CS-A
and CS-B. The voltage waveform of CS-A is the same
during the selection period of any scan line. Similarly, the
voltage waveform of CS-B is the same during the selection
period of any scan line. In other words, the DC component
(DC level) of the voltage of the storage capacitor lines takes
the same value during the selection period of any scan line.

[0277] Thus, it is possible to satisfy the second condition
by adjusting the DC components (DC levels) of the follow-
ing voltages as required: display signal voltage of each scan
line, voltage of the counter electrode, and voltage of each
storage capacitor line.

[0278] Next, we will verify whether the third condition is
satisfied, i.c., whether pixels opposite in field direction are
placed next to each other in each frame period. In the liquid
crystal display according to this embodiment, where differ-
ent root-mean-square voltages are applied to the liquid
crystal layers of sub-pixels in each pixel, the third condition
applies to the relationship between the sub-pixels which are
supplied with the same root-mean-square voltage as well as
to the pixels. It is especially important that the third condi-
tion be satisfied by the sub-pixels ranked high in brightness,
i.e., the sub-pixels indicated by the symbol “H” in FIG. 17,
as is the case with the second condition.
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[0279] As shown in FIG. 17, the “+” and “~” symbols
which indicate the polarities (directions of the clectric field)
of each pixel invert every two pixels (two columns) in the
row direction (horizontal direction) such as (+, =), (+, -), (+,
-), and every two pixels (two rows) in the column direction
(vertical direction) such as (+, -), (+, =), (+, -), (+1-).
Viewed on a pixel-by-pixel basis, they exhibit a state called
dot inversion, satisfying the third condition.

[0280] Next, we will look at the sub-pixels ranked high in
brightness, i.e., the sub-pixels indicated by the symbol “H”
in FIG. 17.

[0281] Referring to FIG. 17, there is no polarity inversion
in the row direction as shown, for example, by +H, +H, +H
for the sub-pixels SPa in the first row, but the polarity is
inverted every two pixels (two rows) in the column direction
as shown, for example, by (+H, -H), (+H, -H), (+H, -H),
(+H, -H) in the first column. The state known as line
inversion can be observed at the level of the particularly
important sub-pixels ranked high in brightness, which
means that they satisfy the third condition. The sub-pixels
indicated by the symbol L are also arranged in a regular
pattern, satisfying the third condition.

[0282] Next, we will discuss the fourth condition. The
fourth condition requires that sub-pixels equal in brightness
should not be placed next to each other among the sub-pixels
which are intentionally made to vary in brightness.

[0283] According to this embodiment, the sub-pixels
which are intentionally made to vary in brightness, i.e., the
sub-pixels which have different root-mean-square voltages
applied to their liquid crystal layers intentionally are indi-
cated by the symbol “H” or “L” in FIG. 17.

[0284] InFIG. 17, if sub-pixels are organized into groups
of four consisting of two sub-pixels in the row direction and
two sub-pixels in the column direction (e.g., SPa(l, 1),
SPb(1, 1), SPa(1, 2), and SPb(1, 2)), the entire matrix is
made up of the sub-pixel groups in each of which H and L
are arranged from left to right in the upper row and L and H
are arranged in the lower row. Thus, in FIG. 17, the symbols
“H” and “L” are arranged in a checkered pattern at the
sub-pixel level, satisfying the fourth condition.

[0285] Looking at the matrix, at the pixel level, the
correspondence between the order of brightness of the
sub-pixels in each pixel and position of the sub-pixels
arranged in the column direction changes in the row direc-
tion periodically (every pixel) in the case of a pixel in an
arbitrary row, but it is constant in the case of a pixel in an
arbitrary column. Thus, in a pixel P(p, q) in an arbitrary row,
the brightest sub-pixel (sub-pixel indicated by “H,” in this
example) is SPa(p, q) when q is an odd number, and SPb(p,
q) when q is an even number. Of course, conversely, the
brightest sub-pixel may be SPb(p, q) when g is an odd
number, and SPa(p, q) when q is an even number. On the
other hand, in a pixel P(p, q) in an arbitrary column, the
brightest sub-pixel is always SPa(p, q) or SPb(p, q) in the
same column regardless of whether p is an odd number or
even number. The alternative of SPa(p, q) or SPb(p, q) here
means that the brightest sub-pixel is SPa(p, q) in an odd-
numbered column regardless of whether p is an odd number
or even number while it is SPb(p, q) in an even-numbered
column regardless of whether p is an odd number or even
number.
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[0286] As described above with reference to FIGS. 17
and 18, the liquid crystal display according to this embodi-
ment satisfies the four conditions described above, and thus
it can implement high quality display.

[0287] Next, a liquid crystal display according to another
embodiment using a different drive method for pixels and
sub-pixels will be described with reference to FIGS. 19 and
20. FIG. 19 and FIG. 20 correspond to FIG. 17 and FIG.
18.

[0288] As shown in FIG. 20, in the liquid crystal display
according to this embodiment, display signal voltage and
storage capacitor counter voltage oscillate every 2H. Thus
the period of oscillation is 4H (four horizontal write times).
The oscillations of the signal voltages of odd-numbered
signal lines S-O (S-Cl, S-C3, S-C5, . . . ) and even-
numbered signal lines S-E (§-C2, S-C4, S-C6, . . . ) are 180
degrees (2 H in terms of time) out of phase with each other.
The oscillations of the voltages of the storage capacitor lines
CS-A and CS-B are also 180 degrees (2 H in terms of time)
out of phase with each other. Furthermore, the oscillation of
the voltage of the signal lines lags the oscillation of the
voltage of the storage capacitor line CS-A by a phase
difference of 45 degrees (V4 period, i.e., H/2). Incidentally,
the phase difference of 45 degrees is used to prevent the
VgH-to-Vgl voltage change of the scan line and the voltage
change of the storage capacitor line from overlapping, and
the value used here is not restrictive and another value may
be used as required.

[0289] With the liquid crystal display according to this
embodiment, again every pixel consists of two sub-pixels
which are intentionally made to vary in brightness and are
indicated by the symbol “H” or “L”. Furthermore, as shown
in FIG. 19, the sub-pixels indicated by the symbol “H” or
“L” are arranged in a checkered pattern, which means that
the fourth condition is satisfied, as with the above embodi-
ment. Regarding the first condition, it can be satisfied using
the same inversion method as the one used by the embodi-
ment described with reference to FIGS. 17 and 18.

[0290] However, the embodiment shown in FIGS. 19 and
20 cannot satisfy the second condition described above.

[0291] Now, we will look at the brighter sub-pixels Pa(1,
1), Pa(2, 1), Pa(3, 1), and Pa(4, 1) of the pixels P(1, 1), P(2,
1), P(3, 1), and P(4, 1) shown in the first to fourth rows of
the first column in FIG. 19. When Pa(1, 1) is being charged,
ie., when G-L1 is selected, the polarity symbol of the
corresponding signal line is “+”. When Pa(3, 1) is being
charged, i.e., when G-1.3 is selected, the polarity symbol of
the corresponding signal line is “+” Also, when Pa(1, 1) is
being charged, ie., when G-L1 is selected, the voltage
waveform of the corresponding storage capacitor line CS-A
decreases stepwise beginning at approximately the center of
the selection period. When Pa(3, 1) is being charged, ie.,
when G-L3 is selected, the voltage waveform of the corre-
sponding storage capacitor line CS-A increases stepwise
beginning at approximately the center of the selection
period. Thus, by controlling the phases of the signal voltage
waveforms of both storage capacitor line CS-B and scan line
precisely, it is possible to make the storage capacitor counter
electrode have the same DC level both when Pa(1, 1) is
being charged and when Pa(3, 1) is being charged. By
setting the DC level to the average between the voltage
(equal to the voltage of the sub-pixel electrode) of the
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storage capacitor counter electrode when Pa(l, 1) is being
charged and the voltage (equal to the voltage of the sub-pixel
electrode) of the storage capacitor counter electrode when
Pa(3, 1) is being charged, it is possible to equate the
quantities of electric charge stored in the storage capacitors
of Pa(1, 1) and Pa(3, 1). Next, looking at Pa(2, 1), during the
corresponding period, i.e., when G-1.2 is selected, the polar-
ity symbol of the corresponding signal line is “~” (the same
as with Pa(3, 1) described above) and the voltage of the
corresponding storage capacitor line takes a fixed value (not
an oscillating waveform such as those above) regardless of
time. Thus, by equating the voltage value of the storage
capacitor line corresponding to Pa(2, 1) and the DC level
described above in relation to Pa(1, 1) and Pa(3, 1), it is
possible to equate the quantities of electric charge stored in
the storage capacitors of Pa(l, 1), Pa(3, 1), and Pa(2, 1).
However, it is impossible to equate the quantities of electric
charge stored in the storage capacitor Pa(4, 1) with those in
the storage capacitors of Pa(1, 1), Pa(2, 1), and Pa (3, 1) for
the following reason. The polarity symbol of the signal line
for Pa(4, 1) is the same as that for Pa(1, 1) and the voltage
of the corresponding storage capacitor line takes a fixed
value (not an oscillating waveform such as those above)
regardless of time. Thus, it is necessary to equate the voltage
value (the fixed value described above) of the storage
capacitor line for Pa(4, 1) with the DC level described above
in relation to Pa(1, 1) and Pa(3, 1), as in the case of Pa(2, 1),
ie., to equate the voltage value (the fixed value described
above) of the storage capacitor line for Pa(4, 1) with that for
Pa(2, 1). However, this is not possible because, as can be
seen from FIGS. 19 and 20, both the storage capacitor lines
for Pa(2, 1) and Pa(4, 1) are CS-B, which has a rectangular
oscillating waveform, and the maximum value of the oscil-
lating waveform is selected during the selection period of
Pa(2, 1) while the minimum value of the oscillating wave-
form is selected during the selection period of Pa(4, 1),
making the two voltages necessarily different.

[0292] Also, in terms of the third condition to arrange the
sub-pixels with the same polarity so as not to adjoin each
other as much as possible, this embodiment is inferior to the
embodiment described with reference to FIGS. 17 and 18.

[0293] Referring to FIG. 19, we will look at the polarity
inversion of the sub-pixels which have a large voltage
applied to their liquid crystal layers intentionally, i.e., the
sub-pixels indicated by the symbol H, out of the sub-pixels
composing pixels. In FIG. 19, there is no polarity inversion
in the row direction as shown, for example, by +H, +H, +H
for the sub-pixels SPa in the first row (as with FIG. 17), but
the polarity is inverted every four pixels in the column
direction as shown, for example, by (+H, —-H, -H, +H), (+H,
-H, -H, +H) in the first column. In the embodiment
described with reference to FIGS. 17 and 18, polarity
inversion occurs every two pixels, % the polarity inversion
cycle of this embodiment. In other words, in the embodi-
ment described with reference to FIGS. 17 and 18, polarity
inversion occurs twice as frequently as in this embodiment
described with reference to FIGS. 19 and 20. In this respect,
this embodiment (described with reference to FIGS. 19 and
20) is inferior to the embodiment described with reference to
FIGS. 17 and 18.

[0294] Display quality was actually compared between the
drive method of the previous embodiment which imple-
ments the pixel arrangement shown in FIG. 17 and the drive
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method of this embodiment and differences were observed
in the display quality. Specifically, when, for example, a
o4sss-grayscale display which produces relatively large
brightness differences among sub-pixels which were inten-
tionally made to vary in brightness was observed with the
line of sight fixed, no significant difference was observed
between the two drive methods. However, when the display
was observed by moving the line of sight, horizontal streaks
were observed in the case of the drive method of this
embodiment (FIG. 19) whereas the drive method of the
previous embodiment (FIG. 17) was free of such a problem.
It is believed that the difference was caused by the difference
in the polarity inversion cycle described above. Since the
brighter of the two sub-pixels contained in each pixel is
more conspicuous, it is preferable to minimize the polarity
inversion cycle of the brighter sub-pixel. Each pixel is
divided into two sub-pixels in the example described above,
but if it is divided into three or more sub-pixels, it is
preferable to arrange them in such a way as to minimize the
polarity inversion cycle of the brightest sub-pixel. Needless
to say, it is most preferable that all the other sub-pixels have
the same polarity inversion cycle as the brightest sub-pixel.

[0295] Next, with reference to FIGS. 21A and 21B,
description will be given of an embodiment which makes the
above-described horizontal streaks more inconspicuous
using a shorter polarity inversion cycle than the embodiment
shown in FIG. 17 even if the display is observed by moving
the line of sight.

[0296] According to the embodiment shown in FIG. 17,
although the “+” and “-” signs of the brighter sub-pixels
(indicated by the symbol “H”) composing pixels are inverted
in the column direction as shown by (+, -), (+, =), (+, =), (+,
-), they are not inverted in the row direction as shown by +,
+,+, +, +, + or —, -, -, —, —, —. In contrast, according to the
embodiment shown in FIG. 21, the “+” and “-” signs of the
brighter sub-pixels are inverted not only in the column
direction as shown by (+, -), (+, -), (+, -), (+, -), but also
in the row direction as shown by (+, =), (+, -). Thus, this
embodiment shown in FIG. 20 uses a shorter polarity
inversion cycle than the embodiment shown in FIG. 17. In
this respect, this embodiment shown in FIG. 20 is more
preferable than the embodiment shown in FIG. 17.

[0297] Even in the embodiment shown in FIG. 21, out of
the sub-pixels composing the pixels, the brighter sub-pixels
indicated by the symbol “H” are arranged in a checkered
pattern, satisfying the fourth condition.

[0298] The pixel arrangement shown in FIG. 21A can be
implemented, for example, as follows.

[0299] As shown schematically in FIG. 21B, the storage
capacitor counter electrodes for the sub-pixels in each row
are connected alternately to the storage capacitor line CS-A
or CS-B every two columns. This structural change can be
seen clearly by comparing FIG. 21 for this embodiment and
FIG. 17 or 18 for the embodiment described earlier. Spe-
cifically, this can be seen by looking at the storage capacitor
lines selected at the sub-pixel in the row direction. For
example, in the row of sub-pixels SPa(1, 1) to SPa(l, 6), out
of the storage capacitor counter electrodes indicated by the
symbol “A” or “B,"“A” is selected for SPa(1, 1), “B” for
SPa(1, 2) and SPa(1, 2), “A” for SPa(1, 4) and SPa(1, 5), and
“B” for SPa(1, 6) in FIG. 21 (this embodiment) whereas “A”
is selected for all the sub-pixels SPa(1, 1) to SPa(1, 6) in
FIG. 17 or 18 (the embodiment described carlier).
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[0300] The voltage waveforms (a)-(j) shown in FIG. 18
can be used as the voltage waveforms supplied to the lines,
including the storage capacitor lines CS-A and CS-B,
according to this embodiment shown in FIG. 21. However,
since display signal voltages are inverted every two col-
umns, the display signal voltages having the waveform (a)
shown in FIG. 18 are supplied to S-C1, S-C2, S-C5, S-C6,
... shown in FIG. 21A, while the display signal voltages
having the waveform (b) shown in FIG. 20 are supplied to
S-C3, S-C4, S-C7 (not shown), S-C8 (not shown), . . . in
FIG. 21A.

[0301] Although in the embodiments described above, the
storage capacitor counter voltages supplied to the storage
capacitor lines are oscillating voltages which have rectan-
gular waveforms with a duty ratio of 1:1, the present
invention can also use rectangular waves with a duty ratio of
other than 1:1. Besides other waveforms such as sine waves
or triangular waves may also be used. In that case, when
TFTs connected to a plurality of sub-pixels are turned off,
the changes which occur in the voltages supplied to the
storage capacitor counter electrodes of sub-pixels can be
varied depending on the sub-pixels. However, the use of
rectangular waves makes it easy to equate quantities of
electric charge stored in different sub-pixels (liquid crystal
capacitors and storage capacitors) as well as root-mean-
square voltages applied to different sub-pixels.

[0302] Also, although in the embodiments described
above with reference to FIGS. 17 and 21, the oscillation
period of the oscillating voltages supplied to the storage
capacitor lines (waveforms (c) and (d)) are 1H as shown in
FIG. 18, it may be a fraction of 1H, such as % H, ¥4 H, /5
H, % H, etc., obtained by dividing 1 H by a natural number.
However, as the oscillation period of the oscillating voltages
becomes shorter, it becomes difficult to build drive circuits
or power consumption of the drive circuits increases.

[0303] Next, description will be given of an embodiment
of a third aspect of the present invention.

[0304] The embodiment of the third aspect of the present
invention relates to a large or high-resolution liquid crystal
display and its drive method which improve viewing angle
characteristics, especially, display contrast by dividing each
pixel into a plurality of sub-pixels differing in brightness.

[0305] As described above, the embodiment of the first
aspect of the present invention is a liquid crystal display or
a drive method which can improve viewing angle charac-
teristics, especially, display contrast by dividing each pixel
into a plurality of sub-pixels differing in brightness. This
type of display and driving is referred to herein as multi-
pixel display, multi-pixel driving, area ratio gray scale
display, or area ratio gray scale driving. Also, the embodi-
ment of the second aspect of the present invention is a liquid
crystal display or its drive method equipped with a sub-pixel
array which can reduce “flickering” of the display and is
combined suitably with the embodiment according to the
first aspect.

[0306] In the liquid crystal display according to the
embodiment of the second aspect of the present invention,
the oscillating voltages (storage capacitor counter voltages)
applied to CS buslines (storage capacitor lines) have periods
of oscillation equal to or shorter than one horizontal scan-
ning period. If oscillating voltages with a short period of
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oscillation are applied to CS buslines in this way, increases
in resolution and size of the display panel and the resulting
short periods of oscillation of the oscillating voltages will
make oscillating voltage generator circuits difficult (expen-
sive) to build, increase power consumption, or increase the
impact of waveform blunting resulting from electrical load
impedance of the CS buslines.

[0307] To describe the liquid crystal display according to
the embodiment of the third aspect of the present invention
in comparison with the liquid crystal display according to
the embodiment of the second aspect, concrete configuration
and operation of the liquid crystal display according to the
embodiment of the second aspect of the present invention
will be described here again. Below is an example in which
the area ratio gray scale display described above is achieved
by setting the periods of oscillation of the oscillating volt-
ages of CS buslines to one horizontal scanning period. The
description will be focused on the following three points and
provided with reference to drawings. The first point con-
cerns configuration of a liquid crystal display, centering
around connection patterns between the storage capacitor
counter electrodes of the storage capacitors connected to
sub-pixels and CS buslines. Second point concerns the
periods and phases of oscillation of CS buslines in terms of
voltage waveforms of gate buslines. Third point concerns
driving and display states of sub-pixels.

[0308] FIG. 22 is an equivalent circuit diagram of a
certain area of a liquid crystal display which has the pixel
array shown in FIG. 17. The liquid crystal display has pixels
arranged in a matrix of rows and columns. Each pixel has
two sub-pixels (indicated by symbols A and B). Each
sub-pixel comprises a liquid crystal capacitor CLCA_n,m or
CLCB_n,m as well as a storage capacitor CCSA n,m or
CCSB_n,m. Each liquid crystal capacitor is composed of a
sub-pixel electrode, counter electrode ComLC, and liquid
crystal layer sandwiched between them. Each storage
capacitor is composed of a storage capacitor electrode,
insulating film, and storage capacitor counter electrode
(ComCSA n or ComCSB_n). The two sub-pixels are con-
nected to a common signal line (source busline) SBL._m via
respective TFTA _n,m and TFTB_n,m. The TFTA_n,m and
TFTB n,m are turned on and off by a scanning signal
voltage supplied to a common scanning line (gate busline)
GBL_n. When the two TFTs are on, display signal voltages
are supplied to the respective sub-pixel electrodes and
storage capacitor electrodes of the two sub-pixels via a
common signal line. Via a CS busline (CSBL), the storage
capacitor counter electrode of one of the two sub-pixels is
connected to a storage capacitor trunk (CS trunk) CSV-
typeR1 and the storage capacitor counter electrode of the
other sub-pixel is connected to a storage capacitor trunk (CS
trunk) CSVtypeR2.

[0309] It should be noted in FIG. 22 that sub-pixels of
adjacent pixels in the column direction share an electrically
common CS busline. Specifically, the CS busline CSBL for
the sub-pixel with CLCB_n,m in raw n and the CS busline
CSBL for the sub-pixel with CLCA n+1,m of a pixel in an
adjacent raw in the column direction are electrically com-
mon.

[0310] FIGS. 23A and 23B show the periods and phases
of oscillation of oscillating voltages supplied to CS buslines
in terms of voltage waveforms of gate buslines as well as
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show voltages of sub-pixel electrodes. A liquid crystal
display generally reverses, at regular time intervals, the
direction of the electric field applied to the liquid crystal
layer of each pixel, and thus it is necessary to consider two
types of drive voltage waveform corresponding to the direc-
tions of the electric field. The two types of driving state are
shown in FIGS. 23A and 23B, respectively.

[0311] In FIGS. 23A and 23B, VSBL m represents a
waveform of a display signal voltage (source signal voltage)
supplied to the source busline SBL_m of column m while
VGBL _n represents a waveform of a scanning signal volt-
age (gate signal voltage) supplied to the gate busline GBL_n
of column n. VCSVtypeR1 and VCSVtypeR2 represent
waveforms of the oscillating voltages supplied to the CS
trunks CSVtypeR1 and CSVtypeR2, respectively, as storage
capacitor counter voltages. VPEA _m,n and VPEB_m,n rep-
resent voltage waveforms of the liquid crystal capacitors of
respective sub-pixels.

[0312] The first point to be noted in FIGS. 23A and 23B
is that the oscillation periods of the voltages VCSVtypeR1
and VCSVtypeR2 of CSVtypeR1 and CSVtypeR2 are all
equal to one horizontal scanning period (1 H).

[0313] The second point to be noted in FIGS. 23A and
23B is that the phases of VCSVtypeR1 and VCSVtypeR2
are as follows. First, looking at the phase difference between
CS trunks, VCSVtypeR2 lags the VCSVtypeR1 by 0.5H.
Next, looking at the voltages of the CS trunks and gate
buslines, the phases of the voltages of the CS trunks and gate
buslines are as follows. As can be seen from FIGS. 23A and
23B, the time when the voltages of the gate buslines
corresponding to respective CS trunks change from VgH to
VgL coincides with the time when the flat parts of the CS
trunk voltages reach their centers. In other words, the value
of Td in FIGS. 23A and 23B is 0.25H. However, Td may
take any value larger than O H but smaller than 0.5H.

[0314] Although the periods and phases of voltages of the
CS trunks have been described with reference to FIGS. 23A
and 23B, the voltage waveforms of the CS trunks are not
limited to this and the CS trunks may have any waveforms
as long as one of the following two conditions is satisfied.
The first condition is that the first change of the voltage
VCSVtypeR1 after the voltage of a corresponding gate
busline changes from VgH to HgL is a voltage increase
while the first change of the voltage VCSVtypeR2 after the
voltage of a corresponding gate busline changes from VgH
to HgL is a voltage decrease. The second condition is that the
first change of the voltage VCSVtypeR1 after the voltage of
a corresponding gate busline changes from VgH to Hgl is
a voltage decrease while the first change of the voltage
VCSVtypeR2 after the voltage of a corresponding gate
busline changes from VgH to HgL is a voltage increase.

[0315] FIGS. 24A and 24B summarize driving states of
the liquid crystal display. The driving states of the liquid
crystal display are also classified into two types according to
the polarity of the drive voltages of the sub-pixels as in the
case of FIGS. 23A and 23B. The driving states in FIG. 24A
correspond to the drive voltage waveforms in FIG. 23A
while the driving states in FIG. 24B correspond to the drive
voltage waveforms in FIG. 23B.

[0316] FIGS. 24A and 24B schematically show the driv-
ing states of the pixels in “the eight rows from row n to row
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n+7”x“the six columns from column m to column m+5”
among a plurality of pixels arranged in a matrix. Each pixel
has sub-pixels which differ in brightness, namely a sub-pixel
indicated as “b(Bright)” and a sub-pixel indicated as
“d(Dark)”. FIGS. 24A and 24B are basically equivalent to
FIG. 17.

[0317] A point to be noted in FIGS. 24A and 24B is
whether requirements for an area ratio gray scale panel are
satisfied. An area ratio gray scale panel has five require-
ments.

[0318] The first requirement is that each pixel consists of
a plurality of sub-pixels which differ in brightness when
displaying an intermediate grayscale.

[0319] The second requirement is that the order of bright-
ness of the sub-pixels which differ in brightness is constant
regardless of time.

[0320] The third requirement is that the sub-pixels which
differ in brightness are arranged elaborately.

[0321] The fourth requirement is that pixels of opposite
polarity are arranged elaborately in any frame.

[0322] The fifth requirement is that sub-pixels of the same
polarity, equal in the order of brightness—especially the
brightest sub-pixels—are arranged elaborately in any frame.

[0323] Compliance with the first requirement will be veri-
fied. Here, each pixel consists of two sub-pixels which differ
in brightness. Specifically, for example, in FIG. 24A, the
pixel in row n and column m consists of a high-brightness
sub-pixel indicated as “b(Bright)” and low-brightness sub-
pixel indicated as “d(Dark)”. Thus, the first requirement is
satisfied.

[0324] Compliance with the second requirement will be
verified. The liquid crystal display alternates two display
states which differ in driving state at regular time intervals.
FIGS. 24A and 24B which show the driving states corre-
sponding to the two display states coincide in the locations
of high-brightness sub-pixels and low-brightness sub-pixels.
Thus, the second requirement is satisfied.

[0325] Compliance with the third requirement will be
verified. In FIGS. 24A and 24B, the sub-pixels which differ
in the order of brightness, i.e., the sub-pixels indicated as
“b(Bright)” and sub-pixels indicated as “d(Dark)” arc
arranged checkerwise. Visual observation of the liquid crys-
tal display revealed no display problem such as reduced
resolution resulting from the use of sub-pixels differing in
brightness. Thus, the third requirement is satisfied.

[0326] Compliance with the fourth requirement will be
checked. In FIGS. 24A and 24B, pixels of opposite polarity
are arranged checkerwise. Specifically, for example, in FIG.
24A, the pixel in row n+2 and column m+2 has a “+”
polarity. Beginning with this pixel, the polarity changes
every other pixel between “~” and “+” both in the row
direction and column direction. With a liquid crystal display,
which does not satisfy the fourth requirement, it is believed
that flickering of display is observed in sync with changes in
the drive polarity of pixels between “+” and “~” However,
no flickering was observed when the liquid crystal display of
the embodiment was checked visually. Thus, the fourth
requirement is satisfied.
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[0327] Compliance with the fifth requirement will be
checked. In FIGS. 24A and 24B, looking at the drive
polarity of the sub-pixels equal in the order of brightness, the
drive polarity reverses every two rows of sub-pixels, i.e.,
every other pixel width. Specifically, for example, in row
n_B in FIG. 24A, the sub-pixels in columns m+1, m+3, and
m+5 are “b(Bright)” and the polarity of all these sub-pixels
is “=”. In row n+1_A, the sub-pixels in columns m, m+2,
and m+4 are “b(Bright)” and the polarity of all these
sub-pixels is “~”. In row n+1_B, the sub-pixels in columns
m+1, m+3, and m+5 are “b(Bright)” and the polarity of all
these sub-pixels is “+”. In row n+2_A, the sub-pixels in
columns m, m+2, and m+4 are “b(Bright)” and the polarity
of all these sub-pixels is “+”. With a liquid crystal display,
which does not satisfy the fifth requirement, it is believed
that flickering of display is observed in sync with changes in
the drive polarity of pixels between “+” and “~”. However,
no flickering was observed when the liquid crystal display
according to the present invention was checked visually.
Thus, the fifth requirement is satisfied.

[0328] When the liquid crystal display was observed by
varying the amplitude VCSpp of the CS voltage, viewing
angle characteristics was improved with display contrast
improved during oblique observation as the amplitude
VCSpp of the CS voltage was increased from 0 V (0 V was
used to support typical liquid crystal displays other than the
liquid crystal display according to the present invention).
Although the improvement of the viewing angle character-
istics seemed slightly different depending on displayed
images, the best improvement was achieved when VCSpp
was set such that the value of VL.Caddpp would fall within
0.5 to 2 times the threshold voltage of the liquid crystal
display in a typical drive mode (VCSpp was 0 V).

[0329] Thus, the liquid crystal display according to the
embodiment of the second aspect of the present invention
improves the viewing angle characteristics by applying
oscillating voltages to the storage capacitor counter elec-
trodes and thereby achieving multi-pixel display, where the
oscillation periods of the oscillating voltages applied to the
storage capacitor counter electrodes are equal to or shorter
than one horizontal scanning period. However, when the
periods of oscillation of the oscillating voltages supplied to
CS buslines are short, it is relatively difficult to implement
multi-pixel display on large liquid crystal displays with high
load capacitance and resistance of CS buslines, high-reso-
lution liquid crystal displays with a short horizontal scan-
ning period, or displays with high-speed driving and short
vertical and horizontal scanning periods.

[0330] This problem will be described with reference to
FIGS. 25 to 28.
[0331] FIG. 25A is a diagram schematically showing a

configuration used to supply oscillating voltages to the CS
buslines in the liquid crystal display according to the
embodiment of the second aspect of the present invention.
The oscillating voltages are supplied from CS trunks to a
plurality of CS buslines provided in the liquid crystal display
panel. The oscillating voltages are supplied from a CS
busline voltage generator circuit to the CS trunks via con-
nection points ContP1 and ContP2 and via ContP3 and
ContP4. With increases in the size of the liquid crystal
display panel, the distance from the pixels in the center of
the display panel to the connection points ContP1 to ContP4



US 2005/0122441 A1l

increases making it impossible to ignore the load impedance
between the pixels in the center and the connection points.
Main components of the load impedance include the liquid
crystal capacitance (CLC) and storage capacitance (CCS) of
pixels, the resistance RCS of the CS buslines, and the
resistance Rtrunk of the CS trunks. A first approximation of
the load impedance can be a low pass filter composed of the
above capacitors and resistance as shown schematically in
FIG. 25B. The value of the load impedance is a function of
location on the liquid crystal display panel. For example, it
is a function of the distance from the connection points
ContP1, ContP2, ContP3, and ContP4. Specifically, the load
impedance decreases with decreasing distance from the
connection points, and increases with increasing distance
from the connection points.

[0332] That is, since the CS busline voltage generated by
an oscillating voltage generator circuit is affected by the CS
busline load approximated by a CR low pass filter, the CS
buslines undergo waveform blunting, which varies with the
location on the panel.

[0333] As described in relation to the embodiment of the
first aspect of the present invention, oscillating voltages are
applied to CS buslines in order to compose each pixel of two
or more sub-pixels and vary brightness among the sub-
pixels. That is, the liquid crystal display according to the
embodiment of the present invention uses a configuration
and drive method which make the voltage waveforms of the
sub-pixel electrodes dependent on the oscillating voltages of
the CS buslines and which vary effective voltages according
to the oscillating waveforms of the CS buslines. Thus, if the
waveforms of CS busline voltages vary from place to place,
so do the effective voltages of the sub-pixel electrodes. In
other words, if waveform blunting of the CS busline volt-
ages varies with location, display brightness varies with
location as well, resulting in irregular display brightness.

[0334] The ability to correct irregularities in display
brightness by increasing the oscillation periods of CS bus-
lines is a main advantage of the liquid crystal display
according to the third aspect of the present invention. This
will be explained as follows.

[0335] FIGS. 26 and 27 schematically show oscillating
voltage waveforms of sub-pixel electrodes in the case where
the CS load is kept constant. FIGS. 26 and 27 are schematic
diagrams which assume that the voltage of sub-pixel elec-
trodes is “0 V” when the voltages of CS buslines are not
oscillating voltages and that the amplitude of the sub-pixel
electrode voltage caused by the oscillation of the CS bus-
lines is “1 V7. The waveforms (a) to () in FIG. 26 show the
waveforms when there is no waveform blunting of CS
voltage, i.e., the CR time constant of the CR low pass filter
is “OH” while the waveforms (a) to (¢) in FIG. 27 sche-
matically show waveform blunting when the CR time con-
stant of the CR low pass filter is “0.2 H”. FIGS. 26 and 27
schematically show voltage waveforms of sub-pixel elec-
trode voltages when CR time constants of the CR low pass
filter are “OH” and “0.2 H,” respectively, and the oscillation
periods of the oscillating voltages of the CS buslines are
varied. The waveforms (a) to (¢) in FIGS. 26 and 27 show
cases in which the oscillation periods of waveforms are 1 H,
2 H, 4 H, 8 H, respectively.

[0336] When FIGS. 26 and 27 are compared, it can be
seen that differences in the waveforms in FIGS. 26 and 27
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are reduced with increases in the oscillation period. This
tendency is shown quantitatively in FIG. 28.

[0337] FIG. 28 shows relationship of the average value
and effective value of oscillating voltages calculated based
on the waveforms in FIG. 27 vs. the oscillation period (one
division corresponds to one horizontal scanning period: 1 H)
of CS busline voltages. As can be seen from FIG. 28,
deviations in both average voltage and effective voltage
between when the CR time constant is 0 H and when the CR
time constant is 0.2 H are reduced with increases in the
oscillation period of the CS buslines. It can be seen that the
impact of waveform blunting can be greatly reduced espe-
cially when the oscillation period of the oscillating voltage
of the CS buslines is greater than 8 times the CR time
constant (an approximate value of the load impedance) of
the CS buslines.

[0338] In this way, by increasing the oscillation period of
the oscillating voltage of the CS buslines, it is possible to
reduce irregularities in display brightness caused by wave-
form blunting on the CS buslines. The impact of waveform
blunting can be greatly reduced especially when the oscil-
lation period of the oscillating voltage of the CS buslines is
greater than 8 times the CR time constant (an approximate
value of the load impedance) of the CS buslines.

[0339] The third aspect of the present invention has been
proposed in view of the above problem with the liquid
crystal display according to the second aspect of the present
invention. It provides a preferable structure and drive
method of a liquid crystal display which can increase the
oscillation periods of the oscillating voltages applied to CS
buslines.

[0340] In the liquid crystal display according to the
embodiment of the third aspect of the present invention,
electrically independent CS buslines are used for sub-pixels
differing in the order of brightness (e.g., a first sub-pixel and
second sub-pixel) among the sub-pixels of pixels which are
in the same column of the matrix-driven liquid crystal
display and are adjacent to each other in the column direc-
tion. Specifically, the CS busline for the first sub-pixel in
row n and the CS busline for the second sub-pixel in row n+1
are electrically independent of each other. Here, the pixels in
the same column of a matrix-driven liquid crystal display are
pixels driven by the same signal line (typically, a source
busline). Also, the pixels adjacent to each other in the
column direction of a matrix-driven liquid crystal display
are pixels driven by scanning lines selected at adjacent time
points among the scanning lines (typically, gate buslines)
selected in sequence on the time axis. Besides, assuming that
there are L electrically independent sets of CS trunks, the
oscillation period of the CS buslines can be L times the
horizontal scanning period. As described earlier, preferably
the number of CS trunks is larger than 8 times the quotient
obtained by dividing one horizontal scanning period by a CR
time constant which approximates maximum load imped-
ance of the CS busline. Furthermore, as described later,
preferably the number is an even number in addition to being
larger than 8 times. The number of electrically independent
sets (L sets) of CS trunks may be expressed herein as the
number of electrically independent CS trunks (L trunks). If
electrically equivalent CS trunks are installed on both sides
of the panel, the number of electrically equivalent CS trunks
does not change.
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[0341] The liquid crystal display and its drive method
according to the embodiment of the third aspect of the
present invention will be described below with reference to
drawings.

[0342] First, with reference to FIGS. 29 to 31B, descrip-
tion will be given of a liquid crystal display which achieves
the area ratio gray scale display by setting the oscillation
period of the oscillating voltages of the CS buslines to four
times the horizontal scanning period. The description will be
focused on the following points and provided with reference
to drawings. The first point concerns the configuration of the
liquid crystal display centering around connection patterns
between the storage capacitor counter electrodes of the
storage capacitors connected to sub-pixels and CS buslines.
The second point concerns the periods and phases of oscil-
lation of the CS buslines in terms of voltage waveforms of
gate buslines. The third point concerns driving and display
states of sub-pixels according to this embodiment.

[0343] FIG. 29 is a diagram schematically showing an
equivalent circuit of the liquid crystal display according to
the embodiment of the third aspect of the present invention
and corresponds to FIG. 22. The same components as those
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each other. Specifically, for example, the CS busline
CSBL_B_n for the sub-pixel CLCB_n,m in row n and the
CS busline CSBL_A_n+1 for the sub-pixel CLCA_n+1,m of
a pixel in an adjacent row in the column direction are
electrically independent of each other.

[0345] The second point to be noted in FIG. 29 is that each
CS busline (CSBL) is connected to one of four CS trunks
(CSVtypeAl, CSVtypeA2, CSVtypeA3, and CSVtypeAd)
at a panel end. That is, in the liquid crystal display according
to this embodiment, there are four electrically independent
sets of CS trunks.

[0346] The third point to be noted in FIG. 29 is the state
of connections between the CS buslines and the four CS
trunks, i.e., arrangement of electrically independent CS
buslines in the column direction. According to the connec-
tion rules for CS buslines and CS trunks in FIG. 29, the
buslines connected to the CS trunks CSVtypeAl, CSVty-
peA2, CSVtypeA3, and CSVtypeAd are as shown in Table
1 below.

TABLE 1

CS trunk CS busline connected to CS trunk General notation of CS busline listed on left

CSVtypeAl CSBL_A_n, CSBL_B_n+2, CSBL_A n+4-k,
CSBL_A _n+4, CSBL_B n+6, CSBL_B_n+2+4-k
CSBL_A n+8 CSBL_ B n+10, (k=0,1,2,3,..)
CSBL_A_n+12, CSBL_B_n+ 14,

CSVtypeA2 CSBL_B_n, CSBL_A_n+2, CSBL_B_ n+4-k,
CSBL_B_n+4, CSBL_A n+6, CSBL_A n+2+4-k
CSBL_B_n+8, CSBL_A n+10, (k=0,1,2,3,..)
CSBL_B n+12, CSBL_A n+14,

CSVtypeA3 CSBL_A n+1, CSBL_B_n+3, CSBL_A n+1+4-k
CSBL_A_n+5 CSBL_B n+7, CSBL_B_n+3+4-k
CSBL_A n+9, CSBL_B_n+11, (k=0,1,2,3,...)
CSBL_A n+13, CSBL_B n+15,

CSVtypeA4 CSBL_B_n+1, CSBL_A_n+3, CSBL_B_n+1+4-k
CSBL_B n+5  CSBL_A n+7, CSBL_A n+3+4-k
CSBL_B_n+9, CSBL_A_n+11, (k=0,1,2,3,...)

CSBL_B_n+13, CSBL_A_n+15,

in FIG. 22 are denoted by the same reference numerals/
characters as those in FIG. 22 and description thereof will
be omitted. The liquid crystal display in FIG. 29 differs from
the liquid crystal display in FIG. 22 in that it has four
electrically independent CS trunks CSVtypeAl to CSViy-
peA4 as well as in the state of connections between CS
trunks and CS buslines.

[0344] The first point to be noted in FIG. 29 is that CS
buslines for adjacent sub-pixels (e.g., sub-pixels correspond-
ing to CLCB_n,m and CLCA_n+1,m) of pixels in adjacent
rows in the column direction are electrically independent of

[0347] Four electrically independent sets of CS buslines
are connected, respectively, to the four CS trunks shown in
Table 1 above.

[0348] FIGS. 30A and 30B show the periods and phases
of oscillation of the CS buslines in terms of voltage wave-
forms of gate buslines as well as show voltages of sub-pixel
electrodes. FIGS. 30A and 30B correspond to FIGS. 23A
and 23B above. The same components as those in FIGS.
23A and 23B are denoted by the same reference numerals/
characters as those in FIGS. 23A and 23B and description
thereof will be omitted. A liquid crystal display generally
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reverses, at regular time intervals, the direction of the
electric field applied to the liquid crystal layer of each pixel,
and thus it is necessary to consider two types of drive
voltage waveform corresponding to the directions of the
electric field. The two types of driving state are shown in
FIGS. 30A and 30B, respectively.

[0349] The first point to be noted in FIGS. 30A and 30B
is that the periods of oscillation of voltages VCSVtypeAl,
VCSVtypeA2, VCSVtypeA3, and VCSVtypeAd of CSViy-
peAl, CSVtypeA2, CSVtypeA3, and CSVtypeA4 are all
four times the horizontal scanning period (4 H).

[0350] The second point to be noted in FIGS. 30A and
30B is that the phases of VCSVtypeAl, VCSVtypeA2,
VCSVtypeA3, and VCSVtypeAd are as follows. First, com-
paring phases among the CS trunks, VCSVtypeA2 lags
VCSVtypeAl by 2H, VCSVitypeA3 lags VCSVtypeAl by
3H, and VCSVtypeAd4 lags VCSVtypeAl by 1 H. Next,
looking at the voltages of the CS trunks and voltages of the
gate buslines, the phases of the CS trunk voltages and gate
busline voltages are as follows. As shown in FIGS. 30A and
30B, the time when the voltages of the gate buslines
corresponding to respective CS trunks change from VgH to
VgL coincides with the time when the flat parts of the CS
trunk voltages reach their centers. In other words, the value
of Td in FIGS. 30A and 30B is 1H. However, Td may take
any value larger than OH but smaller than 2H.

[0351] Here, the gate buslines corresponding to respective
CS trunks are the CS trunks and gate buslines to which CS
buslines which are connected to the same sub-pixel elec-
trodes via auxiliary capacitances CS and TFT elements.
Based on FIG. 29, the gate buslines and CS buslines
corresponding to each CS trunk in this liquid crystal display
are shown in Table 2 below.
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gate busline changes from VgH to HgL is a voltage increase,
that the first change of the voltage VCSViypeA2 after the
voltage of a corresponding gate busline changes from VgH
to HgL is a voltage decrease, that the first change of the
voltage VCSVtypeAJ after the voltage of a corresponding
gate busline changes from VgH to HgL.is a voltage decrease,
and that the first change of the voltage VCSVtypeA4 after
the voltage of a corresponding gate busline changes from
VgH to HgL is a voltage increase. The drive voltage
waveforms shown in FIG. 30A satisfy this condition.

[0354] The second condition is that the first change of the
voltage VCSVtypeAl after the voltage of a corresponding
gate busline changes from VgH to HgL.is a voltage decrease,
that the first change of the voltage VCSViypeA2 after the
voltage of a corresponding gate busline changes from VgH
to HgL is a voltage increase, that the first change of the
voltage VCSVtypeA3 after the voltage of a corresponding
gate busline changes from VgH to HgL is a voltage increase,
and that the first change of the voltage VCSVtypeA4 after
the voltage of a corresponding gate busline changes from
VgH to HgL is a voltage decrease. The drive voltage
waveforms shown in FIG. 30B satisfy this condition.

[0355] However, for the reasons described below, the
waveforms shown in FIGS. 30A and 30B are used prefer-
ably.

[0356] In FIGS. 30A and 30B, the period of oscillation is
constant. This can simplify the signal generator circuit.

[0357] Also, in FIGS. 30A and 30B, the duty ratio of
oscillation is constant. This makes it possible to keep the
amplitude of oscillation constant, and thus simplify the
signal generator circuit because when oscillating voltages
are used as CS busline voltages, the amounts of change in

TABLE 2

CS trunk Corresponding gate busline Corresponding CS busline

CSVtypeAl GBL_n, GBL_n +2,GBL_n+4, CSBL_A_n,CSBL_B_n+2,CSBL_A_n +4,
GBL n+6,GBL n+§,... CSBL_B n+6,CSBL_A n+38,...

[GBL n+2-k [CSBL_A n+4-kCSBL B n+2+4-k
(k=0,1,2,3..)] (k=0,1,2,3, )]

CSVtypeA2 GBL_n, GBL_n +2,GBL_n+4, CSBL_B_n, CSBL_A_n +2,CSBL_B_n + 4,
GBL n+6GBL n+§,... CSBL_A n+6,CSBL_ B n+38,...
[GBL_n+2-k [CSBL_B n+4-k CSBL_A n+2+4-k
(k=0,1,2,3,...] (k=0,1,2,3..)]

CSVtypeA3 GBL_n+1,GBL n+3,GBL_n+5, CSBL_A n+1, CSBL_B_n + 3,

GBL n+7,GBL n+9,... CSBL_A n+5,
[GBL n+1+2-k CSBL_ B n+7,CSBL_A n+9,...
(k=0,1,2,3,...] [CSBL_A n+1+4-%kCSBL B n+3+4-k
(k=0,1,2,3,..]
CSVtypeA4 GBL n+1,GBL n+3,GBL n+5, CSBL_ B n+1,CSBL_A n+3,

GBL_n+7,GBL n+9,...
[GBL_n+1+2-k
k=0,1,23...]

CSBL_B_n +5,

(k=0,1,2,3..)]

CSBL_A_n+7,CSBL_B_n+09, ...
[CSBL_B_n+1+4-k CSBL_A n+3+4-k

[0352] Although the periods and phases of voltages of the
CS trunks have been described with reference to FIGS. 30A
and 30B, voltage waveforms of the CS trunks are not
limited to this. The CS trunks may have other voltage
waveforms, provided the following two conditions are sat-
isfied.

[0353] The first condition is that the first change of the
voltage VCSVtypeAl after the voltage of a corresponding

the voltages applied to the liquid crystal layers depend on the
amplitude and duty ratio of the oscillation. Thus, by keeping
the duty ratio of oscillation constant, it is possible to keep the
amplitude of oscillation constant. The duty ratio is set, for
example, to 1:1.

[0358] Also, in FIGS. 30A and 30B, for any CS oscillat-
ing voltage, there exists an oscillating voltage 180 degrees
out of phase (oscillating voltage in opposite phase). That is,
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four electrically independent CS trunks are grouped into
pairs (two pairs) of CS trunks which supply oscillating
voltages 180 degrees out of phase with each other. This
makes it possible to minimize the amount of the current
flowing through the counter electrodes of storage capacitors,
and thus simplify the drive circuit connected to the counter
electrodes.

[0359] FIGS. 31A and 31B summarize driving states of
the liquid crystal display according to this embodiment. The
driving states of the liquid crystal display are also classified
into two types according to the polarity of the drive voltages
of the sub-pixels as in the case of FIGS. 30A and 30B. The
driving states in FIG. 31A correspond to the drive voltage
waveforms in FIG. 30A while the driving states in FIG. 31B
correspond to the drive voltage waveforms in FIG. 30B.
FIGS. 31A and 31B correspond to FIGS. 24A and 24B
above.

[0360] A point to be noted in FIGS. 31A and 31B is
whether requirements for an area ratio gray scale panel are
satisfied. Compliance with the following five requirements
for an area ratio gray scale panel will be verified.

[0361] The first requirement is that each pixel consists of
a plurality of sub-pixels which differ in brightness when
displaying an intermediate grayscale.

[0362] The second requirement is that the order of bright-
ness of the sub-pixels which differ in brightness is constant
regardless of time.

[0363] The third requirement is that the sub-pixels which
differ in brightness are arranged elaborately.

[0364] The fourth requirement is that pixels of opposite
polarity are arranged elaborately in any frame.

[0365] The fifth requirement is that sub-pixels of the same
polarity, equal in the order of brightness—especially the
brightest sub-pixels—are arranged elaborately in any frame.

[0366] Compliance with the first requirement will be veri-
fied. In FIGS. 31A and 31B, cach pixel consists of two
sub-pixels which differ in brightness. Specifically, for
example, in FIG. 31A, the pixel in row n and column m
consists of a high-brightness sub-pixel indicated as
“b(Bright)” and low-brightness sub-pixel indicated as
“d(Dark)”. Thus, the first requirement is satisfied.

[0367] Compliance with the second requirement will be
verified. The liquid crystal display alternates two display
states which differ in driving state at regular time intervals.
FIGS. 31A and 31B which show the driving states corre-
sponding to the two display states coincide in the locations
of high-brightness sub-pixels and low-brightness sub-pixels.
Thus, the second requirement is satisfied.

[0368] Compliance with the third requirement will be
verified. In FIGS. 31A and 31B, the sub-pixels which differ
in the order of brightness, i.c., the sub-pixels indicated as
“b(Bright)” and sub-pixels indicated as “d(Dark)” are
arranged checkerwise. Visual observation of the liquid crys-
tal display revealed no display problem such as reduced
resolution resulting from the use of sub-pixels differing in
brightness. Thus, the third requirement is satisfied.

[0369] Compliance with the fourth requirement will be
checked. In FIGS. 31A and 31B, pixels of opposite polarity
are arranged checkerwise. Specifically, for example, in FIG.
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31A, the pixel in row n+2 and column m+2 has a “+
polarity. Beginning with this pixel, the polarity changes
every other pixel between “~” and “+” both in the row
direction and column direction. With a liquid crystal display,
which does not satisfy the fourth requirement, it is believed
that flickering of display is observed in sync with changes in
the drive polarity of pixels between “+” and “-”. However,
no flickering was observed when the liquid crystal display of
the embodiment was checked visually. Thus, the fourth
requirement is satisfied.

[0370] Compliance with the fifth requirement will be
checked. In FIGS. 31A and 31B, looking at the drive
polarity of the sub-pixels equal in the order of brightness, the
drive polarity reverses every two rows of sub-pixels, i.e.,
every other pixel width. Specifically, for example, in row
n_B, the sub-pixels in columns m+1, m+3, and m+5 are
“b(Bright)” and the polarity of all these sub-pixels is “~”. In
row n+1_A the sub-pixels in columns m, m+2, and m+4 are
“b(Bright)” and the polarity of all these sub-pixels is “~”. In
row n+1_B, the sub-pixels in columns m+1, m+3, and m+5
are “b(Bright)” and the polarity of all these sub-pixels is “+”.
In row n+2_A, the sub-pixels in columns m, m+2, and m+4
are “b(Bright)” and the polarity of all these sub-pixels is “+”.
With a liquid crystal display, which does not satisfy the fifth
requirement, it is believed that flickering of display is
observed in sync with changes in the drive polarity of pixels
between “+” and “~”. However, no flickering was observed
when the liquid crystal display according to the present
invention was checked visually. Thus, the fifth requirement
is satisfied.

[0371] When the liquid crystal display according to this
embodiment was observed by varying the amplitude VCSpp
of the CS voltage, viewing angle characteristics were
improved with display contrast surpressed during oblique
observation as the amplitude VCSpp of the CS voltage was
increased from 0 V (0 V was used to support typical liquid
crystal displays other than the liquid crystal display accord-
ing to the present invention). Although the improvement of
the viewing angle characteristics seemed slightly different
depending on displayed images, the best improvement was
achieved when VCSpp was set such that the value of
VLCaddpp would fall within 0.5 to 2 times the threshold
voltage of the liquid crystal display in a typical drive mode
(VCSpp was 0 V).

[0372] Summarizing, this embodiment makes it possible
to set the periods of oscillation of the oscillating voltages
applied to the storage capacitor counter electrodes to four
times the horizontal scanning period in a liquid crystal
display which improves the viewing angle characteristics
byapplying oscillating voltages to the storage capacitor
counter electrodes and thereby achieving multi-pixel dis-
play. It can readily implement multi-pixel display even on
large liquid crystal displays with high load capacitance and
resistance of CS buslines, high-resolution liquid crystal
displays with a short horizontal scanning period, or liquid
crystal displays with high-speed driving and short vertical
and horizontal scanning periods.

[0373] Next, configuration and operation of the liquid
crystal display according to the embodiment of the third
aspect of the present invention will be described with
reference to FIGS. 32 to 34B.
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[0374] This embodiment achieves the area ratio gray scale
display by setting the oscillation period of the oscillating
voltages of the CS buslines to twice the horizontal scanning
period. The description will be focused on the following
points and provided with reference to drawings. The first
point concerns the configuration of the liquid crystal display
centering around connection patterns between the storage
capacitor counter electrodes of the storage capacitors con-
nected to sub-pixels and CS buslines. The second point
concerns the periods and phases of oscillation of the CS
buslines in terms of voltage waveforms of gate buslines. The
third point concerns driving and display states of sub-pixels
according to this embodiment.

[0375] FIG. 32 is a diagram schematically showing an
equivalent circuit of the liquid crystal display according to
an embodiment of the third aspect of the present invention
and corresponds to FIG. 29. The same components as those
in FIG. 29 are denoted by the same reference numerals/
characters as those in FIG. 29 and description thereof will
be omitted. The liquid crystal display in FIG. 32 differs from
the liquid crystal display in FIG. 29 in that it has two
electrically independent CS trunks CSVtypeB1 and CSV-
typeB2 as well as in the state of connections between CS
trunks and CS buslines.

[0376] The first point to be noted in FIG. 32 is that CS
buslines for adjacent sub-pixels of pixels in adjacent rows in
the column direction are electrically independent of each
other. Specifically, the CS busline CSBL_B_n for the sub-
pixel CLCB_n,m in row n and the CS busline CSBL_A n+1
for the sub-pixel CLCA_n+1,m of a pixel in an adjacent row
in the column direction are electrically independent of each
other.

[0377] The second point to be noted in FIG. 32 is that cach
CS busline (CSBL) is connected to two CS trunks (CSV-
typeBl and CSVtypeB2) at a panel end. That is, in the liquid
crystal display according to this embodiment, there are two
electrically independent sets of CS trunks.

[0378] The third point to be noted in FIG. 32 is the state
of connections between the CS buslines and the two CS
trunks, i.e., arrangement of electrically independent CS
buslines in the column direction. According to the connec-
tion rules for CS buslines and CS trunks in FIG. 32, the CS
buslines connected to the CS trunks CSVtypeB1 and CSV-
typeB2 are as shown in Table 3 below.
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[0379] Two electrically independent sets of CS buslines
are connected, respectively, to the two CS trunks shown in
Table 3 above.

[0380] FIGS. 33A and 33B show the periods and phases
of oscillation of the CS buslines in terms of voltage wave-
forms of gate buslines as well as show voltages of sub-pixel
electrodes. FIGS. 33A and 33B correspond to FIGS. 30A
and 30B of the previous embodiment. The same compo-
nents as those in FIGS. 30A and 30B are denoted by the
same reference numerals/characters as those in FIGS. 30A
and 30B and description thereof will be omitted. A liquid
crystal display generally reverses, at regular time intervals,
the direction of the electric field applied to the liquid crystal
layer of each pixel, and thus it is necessary to consider two
types of drive voltage waveform corresponding to the direc-
tions of the electric field. The two types of driving state are
shown in FIGS. 33A and 33B, respectively.

[0381] The first point to be noted in FIGS. 33A and 33B
is that the periods of oscillation of voltages VCSVtypeB1
and VCSVtypeB2 of CSVtypeB1 and CSVtypeB2 are all
two times the horizontal scanning period (2 H).

[0382] The sccond point to be noted in FIGS. 33A and
33B is that the phases of VCSVtypeB1 and VCSVtypeB2
are as follows. First, comparing phases among the CS
trunks, VCSVtypeB2 lags VCSVtypeBl by 1 H. Next,
looking at the voltages of the CS trunks and voltages of the
gate buslines, the phases of the CS trunk voltages and gate
busline voltages are as follows. As shown in FIGS. 33A and
33B, the time when the voltages of the gate buslines
corresponding to respective CS trunks change from VgH to
VgL coincides with the time when the flat parts of the CS
trunk voltages reach their centers. In other words, the value
of Td in FIGS. 33A and 33B is 0.5H. However, Td may take
any value larger than OH but smaller than 1H.

[0383] Here, the gate buslines corresponding to respective
CS trunks are the CS trunks and gate buslines to which CS
buslines which are connected to the same sub-pixel elec-
trodes via auxiliary capacitances CS and TFT elements.
Based on FIGS. 33A and 33B, the gate buslines and CS
buslines corresponding to each CS trunk in the liquid crystal
display of this embodiment are shown in Table 4 below.

TABLE 3
CS trunk CS busline connected to CS trunk  General notation of CS busline listed on left
CSVtypeBl CSBL_A_n, CSBL._ A _n+k,
CSBL_A_n+1, k=0,1,2,3,..))
CSBL_A_n+2,
CSBL._A n+3,

CSViypeB2 CSBL_B_ 1,
CSBL_B_n+1,
CSBL_B_n+2,
CSBL_B_n + 3,
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TABLE 4
CS trunk Corresponding gate busline Corresponding CS busline
CSVtypeBl GBL_n, GBL n+1,GBL n+2, CSBL A n, CSBL A n+1,CSBL_A n+2,
GBL_n+3,GBL n+4,... CSBL_A_n+3,CSBL_A_n+4,...
[GBL n+k [CSBL_A n+k
(k=0,1,2,3..] (k=0,1,2,3,. )]

CSVtypeB2 GBL 1, GBL n+1,GBL n+2,
GBL_n+3 GBL n+4,...
[GBL_n +k
k=0,1,2,3,...)]

[CSBL_B_n +k
(k=0,1,2,3,..)]

CSBL_B_n, CSBL_B_n+1,CSBL_B_n +2,
CSBL_B_n+3,CSBL_B_n+4,...

[0384] Although the periods and phases of voltages of the
CS trunks have been described with reference to FIGS. 33A
and 33B, voltage waveforms of the CS trunks of this
embodiment are not limited to this. The CS trunks may have
other voltage waveforms, provided the following two con-
ditions are satisfied.

[0385] The first condition is that the first change of the
voltage VCSVtypeBl1 after the voltage of a corresponding
gate busline changes from VgH to Hgl is a voltage increase
and that the first change of the voltage VCSVtypeB2 after
the voltage of a corresponding gate busline changes from
VgH to HgL is a voltage decrease. FIG. 33A satisfies this
condition.

[0386] The second condition is that the first change of the
voltage VCSVtypeBl1 after the voltage of a corresponding
gate busline changes from VgH to HgL is a voltage decrease
and that the first change of the voltage VCSVtypeB2 after
the voltage of a corresponding gate busline changes from
VgH to HgL is a voltage increase. FIG. 33B satisfies this
condition.

[0387] FIGS. 34A and 34B summarize driving states of
the liquid crystal display according to this embodiment. The
driving states of the liquid crystal display are also classified
into two types according to the polarity of the drive voltages
of the sub-pixels as in the case of FIGS. 33A and 33B. The
driving states in FIG. 34A correspond to the drive voltage
waveforms in FIG. 33A while the driving states in FIG. 34B
correspond to the drive voltage waveforms in FIG. 33B.
FIGS. 34A and 34B correspond to FIGS. 31A and 31B of
the previous embodiment.

[0388] A point to be noted in FIGS. 34A and 34B is
whether requirements for an area ratio gray scale panel are
satisfied. An area ratio gray scale panel has five require-
ments.

[0389] The first requirement is that each pixel consists of
a plurality of sub-pixels which differ in brightness when
displaying an intermediate grayscale.

[0390] The second requirement is that the order of bright-
ness of the sub-pixels which differ in brightness is constant
regardless of time.

[0391] The third requirement is that the sub-pixels which
differ in brightness are arranged elaborately.

[0392] The fourth requirement is that pixels of opposite
polarity are arranged elaborately in any frame.

[0393] The fifth requirement is that sub-pixels of the same
polarity, equal in the order of brightness—especially the
brightest sub-pixels—are arranged elaborately in any frame.

[0394] Compliance with the first requirement will be veri-
fied. In FIGS. 34A and 34B, each pixel consists of two
sub-pixels which differ in brightness. Specifically, for
example, in FIG. 34A, the pixel in row n and column m
consists of a high-brightness sub-pixel indicated as
“b(Bright)” and low-brightness sub-pixel indicated as
“d(Dark)”. Thus, the first requirement is satisfied.

[0395] Compliance with the second requirement will be
verified. The liquid crystal display of this embodiment
alternates two display states which differ in driving state at
regular time intervals. FIGS. 34A and 34B which show the
driving states corresponding to the two display states coin-
cide in the locations of high-brightness sub-pixels and
low-brightness sub-pixels. Thus, the second requirement is
satisfied.

[0396] Compliance with the third requirement will be
verified. In FIGS. 34A and 34B, the sub-pixels which differ
in the order of brightness, i.e., the sub-pixels indicated as
“b(Bright)” and sub-pixels indicated as “d(Dark)” are
arranged checkerwise. Visual observation of the liquid crys-
tal display revealed no display problem such as reduced
resolution resulting from the use of sub-pixels differing in
brightness. Thus, the third requirement is satisfied.

[0397] Compliance with the fourth requirement will be
checked. In FIGS. 34A and 34B, pixels of opposite polarity
are arranged checkerwise. Specifically, for example, in FIG.
34A, the pixel in row n+2 and column m+2 has a “+”
polarity. Beginning with this pixel, the polarity changes
every other pixel between “~” and “+” both in the row
direction and column direction. With a liquid crystal display,
which does not satisfy the fourth requirement, it is believed
that flickering of display is observed in sync with changes in
the drive polarity of pixels between “+” and “+” However,
no flickering was observed when the liquid crystal display of
this embodiment was checked visually. Thus, the fourth
requirement is satisfied.

[0398] Compliance with the fifth requirement will be
checked. In FIGS. 34A and 34B, looking at the drive
polarity of the sub-pixels equal in the order of brightness, the
drive polarity reverses every two rows of sub-pixels, i.e.,
every other pixel width. Specifically, for example, in row
n_B, the sub-pixels in columns m+1, m+3, and m+5 are
“b(Bright)” and the polarity of all these sub-pixels is “~”. In
row n+1_A, the sub-pixels in columns m, m+2, and m+4 are
“b(Bright)” and the polarity of all these sub-pixels is “~”. In
row n+1_B, the sub-pixels in columns m+1, m+3, and m+5
are “b(Bright)” and the polarity of all these sub-pixels is “+”.
In row n+2_A, the sub-pixels in columns m, m+2, and m+4
are “b(Bright) ” and the polarity of all these sub-pixels is
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“+”. With a liquid crystal display, which does not satisfy the
fifth requirement, it is believed that flickering of display is
observed in sync with changes in the drive polarity of pixels
between “+” and “~”. However, no flickering was observed
when the liquid crystal display of this embodiment was

checked visually. Thus, the fifth requirement is satisfied.

[0399] When the liquid crystal display according to this
embodiment was observed by the inventor, etc. by varying
the amplitude VCSpp of the CS voltage, viewing angle
characteristics were improved with display contrast sur-
pressed during oblique observation as the amplitude VCSpp
of the CS voltage was increased from 0 V (0 V was used to
support typical liquid crystal displays other than the liquid
crystal display according to the present invention). How-
ever, further increases in the value of VCSpp presented a
problem of reduced display contrast. Thus, the value of
VCSpp should be set only to the extent that viewing angle
characteristics can be improved sufficiently without causing
this problem. Although the improvement of the viewing
angle characteristics seemed slightly different depending on
displayed images, the best improvement was achieved when
VCSpp was set such that the value of VL.Caddpp would fall
within 0.5 to 2 times the threshold voltage of the liquid
crystal display in a typical drive mode (VCSpp was OV).

[0400] Summarizing, this embodiment makes it possible
to set the periods of oscillation of the oscillating voltages
applied to the storage capacitor counter electrodes to twice
the horizontal scanning period in a liquid crystal display
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CS buslines, high-resolution liquid crystal displays with a
short horizontal scanning period, or liquid crystal displays
with high-speed driving and short vertical and horizontal
scanning periods.

[0401] Although in the embodiment illustrated above, the
number of electrically independent (sets of) CS trunks is
either four or two, the number of electrically independent
(sets of) CS trunks in the liquid crystal display according to
the embodiment of the third aspect of the present invention
is not limited to this and may be three, five, or more than
five. However, it is preferable that the number L of electri-
cally independent CS trunks is an even number. This is
because when electrically independent CS trunks are
grouped into pairs of CS trunks which supply oscillating
voltages 180 degrees out of phase with each other (meaning
that L is an even number), it is possible to minimize the
amount of current flowing through the counter electrodes of
storage capacitors.

[0402] Tables 5 and 6 below show relationship of CS
trunks with corresponding gate buslines and CS buslines in
the cases where the number L of electrically independent CS
trunks is 6 or 8. When L is an even number, relationships of
CS trunks with corresponding gate buslines and CS buslines
are roughly divided into cases where 1/2 is an odd number
(L=2,6,10, 14, . ..) and cases where L/2 is an even number
(L=4,8,12, 16, . ..). General relationship in the case where
L/2 is an odd number is described below Table while general
relationship in the case where 1/2 is an even number is
described below Table 6 in which [=8.

TABLE 5

CS trunk

Corresponding gate busline

Corresponding CS busline

CSVtypeCl

CSVtypeC3

GBL_1, GBL_n + 3, GBL_qn + 6,
GBL_1+9,GBL_n+12,...
[GBL_n+3-k
(k=0,1,2,3,...]

CSVtypeC2 GBL_n, GBL_n + 3, GBL_n + 6,
GBL_n+9,GBL _n+12,...
[GBL_n+3-k
(k=0,1,2,3,..)]
GBL_1+1,GBL_n+4,GBL_n+7 CSBL_A_n+1, CSBL_A_n + 4,
GBL_1 +10, GBL_n + 13,. ..
[GBL_n+1+3 k
(k=0,1,2,3,...]

CSBL_A_1n,CSBL_A_n+3,CSBL_A_n+6,
CSBL_A n+9, CSBL_A n+12,...
[CSBL_A_n+3-k,

(k=0,1,2,3.. ]

CSBL_B_n, CSBL_B_n +3,CSBL_B_n + 6,
CSBL_B n+9,CSBL_ B n+12,...
[CSBL_B_n+3-k

(k=0,1,2,3..]

CSBL_A_n+7,
CSBL_A_n+10, CSBL_A_n+ 13, . ..
[CSBL_A n+1+3-k
(k=0,1,2,3..]

CSViypeC4 GBL_n+1,GBL_n+4,GBL_n+7, CSBL_B_n+1, CSBL_B_n+ 4,

GBL_n+10, GBL_n + 13, . ..
[GBL_n+1+3 k
k=0,1,23,...]

CSVtypeCs

CSVtypeCo

CSBL_B_n +7,
CSBL_B_n+ 10, CSBL_B_n +13,...
[CSBL_B n+1+3-k
(k=0,1,2,3..]

GBL_1+2,GBL_n+5,GBL_n+8 CSBL_A_n+2,CSBL_A_n+5,
GBL_n + 11, GBL_n + 14, . ..
[GBL_n+2+3 k
(k=0,1,2,3,...]

CSBL_A_n+8,
CSBL_A_n+11,CSBL_A_n+14, . ..
[CSBL_A_n+2+3-k
(k=0,1,2,3..]

GBL_n+2,GBL_n+5,GBL_n+8, CSBL_B_n+2 CSBL_B_n=+5,
GBL_n+11,GBL n+14,. ..
[GBL_ n+2+3 'k
k=0,1,23,...]

CSBL_B_n + 8,
CSBL_B_n+11,CSBL_B_n+14,...
[CSBL_B n+2+3-k
(k=0,1,2,3..]

which improves the viewing angle characteristics by apply-
ing oscillating voltages to the storage capacitor counter
electrodes and thereby achieving multi-pixel display. It can
readily implement multi-pixel display even on large liquid
crystal displays with high load capacitance and resistance of

[0403] When % the number L of electrically independent
CS trunks is an odd number i.e., L=2, 6, 10, or the like, if
the storage capacitor line connected to the storage capacitor
counter electrode of the first sub-pixel of the pixel located at
the intersection of an arbitrary column and a given row n
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among rows formed by a plurality of pixels arranged in a
row-and-column matrix is designated as CSBL_A_n, if the
storage capacitor line connected to the storage capacitor
counter electrode of the second sub-pixel is designated as
CSBL_B_n, and if k is a natural number (including 0):

[0404] CSBL A n+(L/2)*k is connected to the first
storage capacitor trunk,

[0405] CSBL B_n+(L/2)*k is connected to the sec-
ond storage capacitor trunk,

[0406] CSBL A n+1+(L/2)*k is connected to the
third storage capacitor trunk,

[0407] CSBL_B_n+1+(L/2)*k is connected to the
fourth storage capacitor trunk,

[0408] CSBL_A n+2+(L/2)*k is connected to the
fifth storage capacitor trunk,

[0409] CSBL_B_n+2+(L/2)*k is connected to the
sixth storage capacitor trunk,

[0410] ... similar connections are repeated,

[0411] CSBL_A n+(L/2)-2+(L/2)*k is connected to
the (L-3)-th storage capacitor trunk,

[0412] CSBL B_n+(L/2)-2+(L/2)*k is connected to
the (L-2)-th storage capacitor trunk,

[0413] CSBL A n+(L/2)-14(L/2)*k is connected to
the (L-1)-th storage capacitor trunk, and
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[0415] When % the number L of electrically independent
storage capacitor trunks is an even number i.e., L=4, 8, 12,
or the like, if the storage capacitor line connected to the
storage capacitor counter electrode of the first sub-pixel of
the pixel located at the intersection of an arbitrary column
and a given row n among rows formed by a plurality of
pixels arranged in a row-and-column matrix is designated as
CSBL_A n, if the storage capacitor line connected to the
storage capacitor counter electrode of the second sub-pixel
is designated as CSBL B n, and if k is a natural number
(including 0):

[0416] CSBL_A n+L*k and CSBL_B_n+(L/2)+L*k
are connected to the first storage capacitor trunk,

[0417] CSBL_B n+L*k and CSBL_A n+(L/2)+L*k
are connected to the second storage capacitor trunk,

[0418] CSBL_A_n+1+L*k and CSBL_B_n+(L/2)+
14L.*k are connected to the third storage capacitor
trunk,

[0419] CSBL B_n+1+L*k and CSBL_A n+(L/2)+
1+L*k are connected to the fourth storage capacitor
trunk,

[0420]
2+L*k are connected to the fifth storage capacitor

CSBL_A n+2+L*k and CSBL_B_n+(L/2)+

[0414] CSBL B_n+(L/2)-1+(L/2)*k is connected to
the L-th storage capacitor trunk. trunk,
TABLE 6

CS trunk Corresponding gate busline Corresponding CS busline

CSViypeD1 GBL_n, GBL_n +4, GBL_n + 8, CSBL_A_n, CSBL.__B_n +4, CSBL_A_n +8,
GBL_n + 12, GBL_n +16, . . . CSBL_B_n+12, CSBL_A_n +16, . . .
[GBL_n+4-k [CSBL_A_n+8'k CSBL_B_n+4+8-k,
(k=0,1,23...)] k=0,1,2,3..)]

CSViypeD2 GBL_n, GBL_n +4, GBL_n + 8, CSBL B_n,CSBL, A n+4, CSBL_B_n+8,
GBL_n+12,GBL_n+16,. .. CSBL_A_n+12,CSBL_B_n+16, ...
[GBL_n+4-k [CSBL_B_n+8 -k CSBL_A n+4+8-k
k=0,1,2,3,...] k=0,1,23..)]

CSVtypeD3 GBL_n+1,GBL n+5GBL n+9 CSBL A n+1,CSBL_B_n+5, CSBL_A n+9,
GBL_n+13,GBL_n+17, ... CSBL_B_n+13,CSBL_A_n +17, ...
[GBL_n+1+4-k [CSBL_A_n+1+8-k CSBL_B_n+5+8-k,
(k=0,1,2,3,..)] k=0,1,2,3,..)]

CSViypeD4 GBL_n+1,GBL n+5 GBL n+9, CSBL B_n+1,CSBL_A n+5, CSBL_B_n+9,
GBL_n+13,GBL_n+17,... CSBL_A_n+13,CSBL_B_n +17, ...
[GBL_n+1+4-k [CSBL_B_n+1+8-k CSBL_A_n+5+8-%k
(k=0,1,2,3..)] (k=0,1,2,3,..)]

CSViypeDs GBL_n+2, GBL n + 6, CSBL A n+2,CSBL_B_n+6, CSBL_A_n +10,
GBL_n + 10, CSBL_B_n+14,CSBL_A_n+18,...
GBL_n+14,GBL_n+18,... [CSBL_A n+2+8-kCSBL_B_ n+6+8-k
[GBL n+2+4-k k=0,1,2,3,..)]

(k=0,1,2,3,..)]

CSViypeD6 GBL_n + 2, GBL 1 + 6, CSBL_B_n +2, CSBL_A_n + 6, CSBL_B_n + 10,
GBL_n + 10, CSBL_A_n+14,CSBL_B_n+18, ...

GBL_n+ 14, GBL_n+18, ... [CSBL_B_n+2+8-k CSBL_A n+6+8-%k
[GBL_n+2+4-% k=0,1,2,3..)]
(k=0,1,2,3,..]

CSVtypeD7 GBL_n+3,GBL n+7,GBL_n+11, CSBL_A n+3,CSBL_B_n+7, CSBL_A_n + 11,
GBL_n+15,GBL_n+19,... CSBL_B_n+15CSBL_A_n+19,...
[GBL_n+3+4-k [CSBL_A n+3+8-kCSBL_B_ n+7+8 "k
(k=0,1,2,3,..)] k=0,1,2,3,..)]

CSViypeC8 GBL n+3,GBL n+7,GBL n+11, CSBL B n+3,CSBL_A n+7, CSBL_B_n+ 1,

GBL_n + 15, GBL_m-19, . . .
[GBL_n+3+4-k
(k=0,1,23,...)]

CSBL_A_n+15,CSBL_B_n+19,...
[CSBL_B_n+3+8-k,CSBL A n+7+8-%k
k=0,1,2,3,...]
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[0421] CSBL_B n+2+L*k and CSBL_A_n+(L/2)+
2+L*k are connected to the sixth storage capacitor
trunk,

[0422] CSBL_A n+3+L*k and CSBL B_n+(L/2)+
3+L*k are connected to the seventh storage capacitor
trunk,

[0423] CSBL_B n+3+L*k and CSBL_A_n+(L/2)+
3+L*k are connected to the eighth storage capacitor
trunk,

[0424] ... similar connections are repeated,

[0425] CSBL A n+(L/2)-2+L*k and CSBL_B_n+
L-2+L*k are connected to the (L-3)-th storage
capacitor trunk,

[0426] CSBL B_n+(L/2)-2+L*k and CSBL_A_n+
L-2+4L*k are connected to the (L-2)-th storage
capacitor trunk,

[0427] CSBL_A_n+(L/2)-1+L*k and CSBL_B_n+
L-1+L*k are connected to the (L-1)-th storage
capacitor trunk, and

[0428] CSBL_B n+(L/2)-1+L*k and CSBL_A_n+
L-1+L*k are connected to the L-th storage capacitor
trunk.

[0429] As described above, the third aspect of the present
invention makes it easy to apply multi-pixel liquid crystal
display which can greatly improve display contrast during
oblique observation to large liquid crystal displays, high-
resolution liquid crystal displays and liquid crystal displays
with high-speed driving and short vertical and horizontal
scanning periods. Because by increasing the periods of
oscillation of the voltages applied to CS buslines, it is
possible to ease the following problems: increases in the size
of a multi-pixel liquid crystal display which apply oscillat-
ing voltages to CS buslines increase the load capacitance
and resistance of CS buslines, blunting the waveforms of CS
busline voltages; and increases in the resolution and driving
speed of a liquid crystal display decrease the periods of
oscillation of CS buslines, enhancing the impact of wave-
form blunting and causing marked changes in the effective
value of VLCadd in the display screen, and thus resulting in
display irregularities.

[0430] In the liquid crystal display according to the
embodiment of the second aspect of the present invention,
which uses electrically common CS buslines for adjacent
sub-pixels of pixels in adjacent rows and employs two
electrically independent sets of CS trunks, the period of
oscillation of CS busline voltages is 1 H. On the other hand,
the liquid crystal display according to the embodiment of the
third aspect of the present invention, which uses electrically
independent CS buslines for adjacent sub-pixels of pixels in
adjacent rows, can set the period of oscillation of CS busline
voltages to 2 H when two electrically independent sets of CS
trunks are used, and set the period of oscillation of CS
busline voltages to 4 H when four electrically independent
sets of CS trunks are used.

[0431] The configuration or drive waveforms of the liquid
crystal display according to the embodiment of the third
aspect of the present invention can set the period of oscil-
lation of the CS busline voltages to L times the horizontal
scanning period (to L Hs) by using electrically independent
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CS trunks for adjacent sub-pixels of pixels in adjacent rows
and employing L electrically independent sets of CS trunks.

[0432] The liquid crystal display and its drive method
according to the embodiment of the fourth aspect of the
present invention will be described below.

[0433] As described above, the liquid crystal display
according to the embodiment of the third aspect of the
present invention can set the oscillation period of the oscil-
lating voltages applied to the storage capacitor counter
electrodes to L times the horizontal scanning period (H)
using L sets of electrically independent storage capacitor
counter electrodes (L electrically independent CS trunks).
This makes it possible to implement multi-pixel display on
large high-resolution liquid crystal displays with heavy
electrical loads of the storage capacitor counter electrode
line.

[0434] However, the embodiment of the third aspect needs
to use electrically independent storage capacitor counter
electrodes for the sub-pixels in two adjacent pixels in the
column direction (i.c., two pixels in adjacent rows) (see, for
example, FIG. 29), meaning that two CS buslines are
required for each pixel. This presents a problem of a
decreased pixel aperture ratio. Specifically, for example, as
shown in FIG. 35A, the use of a configuration in which CS
buslines for sub-pixels are arranged in such a way as to cross
the center of respective sub-pixels makes it necessary to
provide a black matrix BM1 to prevent light from escaping
through between pixels adjacent in the column direction.
Thus, an area which overlap the two CS buslines and black
matrix BM1 cannot contribute to display. This reduces the
pixel aperture ratio.

[0435] In contrast, according to the embodiment of the
fourth aspect, as shown in FIG. 35B, two adjacent sub-
pixels in two different pixels adjacent in the column direc-
tion have their storage capacitor counter electrodes con-
nected to a common CS busline and the CS busline is
allowed to be disposed between the adjacent pixels in the
column direction, thereby making the CS busline function
also as a black matrix. This offers the advantages of being
able to reduce the number of CS buslines in comparison to
the configuration in FIG. 35A as well as improve the pixel
aperture ratio by omitting the black matrix BM1 which
otherwise would have to be provided separately.

[0436] With the liquid crystal display according to the
embodiment of the third aspect, in order to set the oscillation
period of the oscillating voltages applied the CS buslines to
L times the horizontal scanning period, it is necessary to use
L electrically independent CS trunks, requiring L drive
power supplies for storage capacitor counter electrodes.
Consequently, to increase the oscillation period of the oscil-
lating voltages applied the CS buslines as desired, it is
necessary to increase the number of CS trunks as well as the
number of drive power supplies for storage capacitor
counter electrodes accordingly. In this way, with the liquid
crystal display according to the embodiment of the third
aspect, there are certain restrictions on increases in the
period of the oscillating voltages applied the CS buslines
because it is necessary to increase the number of CS trunks
as well as the number of drive power supplies for storage
capacitor counter electrodes.

[0437] In contrast, with the liquid crystal display accord-
ing to the embodiment of the fourth aspect of the present
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invention, when the number of electrically independent CS
trunks is L (L is an even number), the period of oscillation
of oscillating voltages can be set to 2*K*L times the
horizontal scanning period (K is a positive integer).

[0438] Thus, the liquid crystal display according to the
embodiment of the fourth aspect of the present invention is
more suitable for large high-resolution liquid crystal dis-
plays than is the liquid crystal display according to the
embodiment of the third aspect.

[0439] Concrete embodiments of the fourth aspect of the
present invention will be described below, citing as an
example of a liquid crystal display which implements the
driving states shown in FIGS. 36A and 36B. The directions
of the electric fields applied to the liquid crystal layers of
pixels are opposite between FIGS. 36A and 36B which
correspond to FIGS. 24A and 24B, respectively. A configu-
ration used to implement the driving states shown FIG. 36A
will be described below. Incidentally, to implement the
driving states shown FIG. 36B, the polarity of the voltages
applied to the source buslines and the polarity of storage
capacitor voltages can be reversed from those shown in FIG.
36A in the same manner as described with reference to
FIGS. 23A and 23B. This makes it possible to fix the first
and second sub-pixels in position (“b(Bright)” or “d(Dark)”
in the figures) while reversing the display polarity (“+” or
“~” in the figures) of the pixels. However, the present
invention is not limited to this and allows only the voltages
applied to the source buslines to be reversed. In this case,
since the first and second sub-pixels change positions
(“b(Bright)” or “d(Dark)” in the figures) along with the
polarity reversal of the pixels, it is possible to alleviate the
problem of color bleeding and the like encountered during
intermediate grayscale display when the sub-pixel positions
are fixed.

[0440] In the liquid crystal display according to the
embodiment described below, as shown in FIG. 35B, two
adjacent pixels (the n-th row and (o+1)-th row) in the
column direction share a common CS busline CSBL pro-
vided between a sub-pixel electrode 18b of the pixel in the
n-th row and sub-pixel electrode 18a of the pixel in the
(n+1)-th row to supply storage capacitor counter voltages
(oscillating voltages) to the auxiliary capacitances of the
sub-pixels. The common CS busline CSBL also functions as
a black matrix to block passage of light between pixels in the
n-th row and (0+1)-th row. The common CS busline CSBL
may be placed in such a way as to partially overlap the
sub-pixel electrode 184 and 18b via an insulating film.

[0441] In the liquid crystal display according to the
embodiment cited below as an example, when the oscillation
periods of oscillating voltages applied to CS buslines are
longer than one horizontal scanning period and the number
of electrically independent CS trunks is L (L is an even
number), the periods of oscillation of oscillating voltages
applied to the CS buslines can be set to 2*K*L times one
horizontal scanning period (K is a positive integer). That is,
whereas the liquid crystal display according to the embodi-
ment of the third aspect of the present invention allows the
periods of oscillation of oscillating voltages to be set only to
L times, the liquid crystal display according to the embodi-
ment of the fourth aspect of the present invention has the
advantage of allowing the oscillation periods to be further
increased by a factor of 2¥K, where K does not depend on
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the number of electrically independent CS trunks. K is a
parameter which depends on the connection patterns
between electrically independent individual CS trunks and
CS buslines and is equal to ¥ the number of CS buslines
(number of electrically equivalent CS buslines) connected to
a common CS trunk among consecutive CS buslines which
make up one cycle of connections with CS trunks.

[0442] The multi-pixel driving for the liquid crystal dis-
play according to the embodiment of the present invention
divides each pixel into two sub-pixels, supplies different
oscillating voltages (storage capacitor counter voltages) to
the auxiliary capacitances connected to the respective sub-
pixels, and thereby obtains a bright sub-pixel and dark
sub-pixel. The bright sub-pixel occurs, for example, if the
first change of the oscillating voltage after a TFT is turned
off is a voltage increase and the dark sub-pixel occurs,
conversely, if the first change of the oscillating voltage after
the TFT is turned off is a voltage decrease. Thus, if the CS
buslines for the sub-pixels whose oscillating voltage should
be increased after the TFT is turned off are connected to a
common CS trunk and the CS buslines for the sub-pixels
whose oscillating voltage should be decreased after the TFT
is turned off are connected to another common CS trunk, it
is possible to decrease the number of CS trunks. K is a
parameter which represents effect of increases in the period
by way of connection patterns between the CS buslines and
CS trunks.

[0443] By increasing the value of K, it is possible to
increase the oscillating voltage accordingly. However, pref-
erably the value of K is not too large. The reason will be
described below.

[0444] Increasing the value of K increases the number of
sub-pixels connected to a common CS trunk. They are
connected to different TFTs, which turnoff at different inter-
vals (multiples of 1H). Thus, the time required for the
oscillating voltage of a sub-pixel connected to the common
CS trunk to increase (or decrease) for the first time after the
TFT of the sub-pixel is turned off differs from the time
required for the oscillating voltage of another sub-pixel
connected to the common CS trunk to increase (or decrease)
for the first time after the TFT of the sub-pixel is turned off.
This time difference increases with increases in the value of
K, i.c., with increases in the number of CS buslines con-
nected to the common CS trunk. This may cause visual
perception of linear brightness irregularities. To prevent
such brightness irregularities, preferably the time difference
is not more than 5% of the number of scanning lines
(number of pixel rows) as a rule of thumb. For example, in
the case of XGA, preferably the value of K is set such that
the time difference will be not more than 5% of 768 rows or
not more than 38H. Incidentally, the lower limit on the
periods of oscillating voltages should be set with reference
to FIG. 28 and the like in such a way as not to cause
brightness irregularities due to waveform blunting. For
example, in the case of 45-inch XGA displays, there is no
problem with waveform blunting if the oscillation period is
12H or longer. Thus, in the case of 45-inch liquid crystal
display, if K is set to 1 or 2, L is set to 6, 8, 10, or 12, and
the periods of oscillating voltages are set to within 12 H to
48 H, it is possible to achieve high-quality display without
brightness irregularities. Incidentally, the number L of elec-
trically independent CS trunks should be specified, taking
into consideration the number of oscillating voltage sources



US 2005/0122441 A1l

(drive power supplies for storage capacitor counter elec-
trodes), wiring on the panel (TFT substrate), etc.

[0445] The liquid crystal display and its drive method
according to the embodiment of the fourth aspect of the
present invention will be described below, citing examples
in which K=1 and [.=4, 6, 8, 10, or 12 and examples in which
K=2 and L=4 or 6. To avoid repeating what has already been
described in relation to previous embodiments, the follow-
ing description will focus on topologies between CS bus-
lines and CS trunks.

[K=1, 1=4, oscillation period=8H]

[0446] A matrix configuration (connection patterns of CS
buslines) of the liquid crystal display according to this
embodiment is shown in FIG. 37 and waveforms of signal
used to drive the liquid crystal display are shown in FIG. 38.
Also, the connection patterns used in FIG. 37 are shown in
Table 7. With a matrix configuration shown in FIG. 37,
driving states shown in FIG. 35A is implemented as oscil-
lating voltages are applied to the CS buslines using timings
shown in FIG. 38.

[0447] 1In FIG. 37, cach CS busline is connected to any of
four CS trunks provided at both left and right ends of the
figure. Therefore, there are four electrically independent sets
of CS buslines, and thus I.=4. Also, in FIG. 37, there is some
regularity in connection patterns between the CS buslines
and CS trunks, namely the same connection pattern repeats
every eight CS buslines in the figure. Thus, K=1 (=8/(2L)).

TABLE 7
L=4,K=1
CS trunk CS busline connected to CS trunk
Mia CSBL_(n-1)B, (n) A
CSBL_(n+4)B,(n+5A
M2a CSBL_(n) B, m+1) A
CSBL_(n+3)B,(n+4)A
M3a CSBL_(n+1)B,(n+2)A
CSBL_(n+6)B,(n+7)A
M4a CSBL_ (n+2)B,(n+3)A
CSBL_(n+5)B,(n+6)A

wheren=1,9,17,...
[0448] It can be seen from Table 7, that the CS buslines in
FIG. 37 come in two types, namely:

[0449] type o which satisfies the following expres-
sions for any p

[0450] CSBL (p)B, (p+D)A
[0451] CSBL_(p+5)B, (p+0)A
[0452] and type B which satisfies the following

expressions for any p

[0453] CSBL_(p+1)B, (p+2)A
[0454] CSBL (p+4)B, (p+5)A
[0455] Specifically, the CS buslines connected to CS

trunks Mla and M3a are type o while the CS buslines
connected to CS trunks M2« and M4a are type f.

[0456] Eight consecutive CS buslines which constitute
one cycle of connections are composed of four type o
buslines (two buslines connected to Mla and two buslines
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connected to M3a) and four type buslines (two buslines
connected to M2a and two buslines connected to M4a).

[0457] Using the parameters L and X, the above expres-
sions can be given as follows for any p:

[0458] CSBL (p+2*(K-1))B, (p+2*(K-1)+1)A

[0459] CSBL_(p+2*(K-1)+K*L+1)B, (p+2*(K-1)+
K*L+2)A

[0460] or

[0461] CSBL_(p+2*(K-1)+1)B, (p+2*(K-1)+2)A

[0462] CSBL_(p+2*(K-1)+K*L)B, (p+2*(K-1)+
K*L+DA

[0463] Thus, it is sufficient to electrically equalize the CS

buslines within each CS busline group represented by each
of the above sets of expressions, where either p=1, 3, 5, . .
.or p=0, 2,4,. .. This condition is introduced because there
is no CS busline that would satisfy both type ¢ and type f3.

[0464] Incidentally, in FIG. 38, it can be seen that the
oscillation period of oscillating voltages applied to the CS
buslines is 8H, i.e., 2¥*K*L times the horizontal scanning
period.

[0465]

[0466] Assuming that there are six electrically indepen-
dent sets of CS trunks, connection patterns are shown in
FIG. 39 and drive waveforms are shown in FIG. 40. Also,
the connection patterns used in FIG. 39 are shown in Table
8.

[0467] In FIG. 40, cach CS busline is connected to any of
six CS trunks provided at both left and right ends of the
figure. Therefore, there are six electrically independent sets
of CS buslines, and thus L=6.

[0468] Also, in FIG. 39, there is some regularity in
connection patterns between the CS buslines and CS trunks,

namely the same connection pattern repeats every 12 CS
buslines in the figure. Thus, K=1 (=12/2L)).

[K=1, L=6, oscillation period=12H]

TABLE 8
1.=4,K=1
CS trunk CS busline connected to CS trunk
Mila CSBL_(n-1)B, (n) A
CSBL_(n+4)B,(n+35)A
M2a CSBL_ (m)B,(n+1)A
CSBL_(n+3)B,(n+4A
M3a CSBL_(n+1)B, (n+2)A
CSBL_(n+6)B,(n+7)A
M4a CSBL_(n+2)B,(n+3)A
CSBL_(n+5B,(n+6)A

wheren=1,9,17,...

[0469] It can be seen from Table 8, that the CS buslines in
FIG. 39 are electrically equal within each group represented
by any of the following sets of expressions:

[0470] CSBL_(p)B, (p+1)A
[0471] CSBL_(p+7)B, (p+8)A or
[0472] CSBL_(p+1)B, (p+2)A
[0473] CSBL_(p+6)B, (p+7)A
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[0474] where either p=1, 3, 5, . .

[0475] Using the parameters L and K, the above expres-
sions can be given as follows for any p:

[0476] CSBL_(p+2*(K-1))B, (p+2*(K-1}+1)A

[0477] CSBL_(p+2*(K-D)+K*L+1)B, (p+2*(K-1)+
K*L+2)A or

[0478] CSBL_(p+2*(K-1)+1)B, (p+2*(K-1)+2)A

[0479] CSBL_(p+2*(K-1+K*L)B,  (p+2*(K-1)+
K*L+1)A

.or p=0, 2, 4,

[0480] Thus, it is sufficient to electrically equalize the CS
buslines within each CS busline group represented by each
of the above sets of expressions, where either p=1, 3, 5, . .
corp=0,2,4,....

[0481] Incidentally, in FIG. 40, it can be seen that the
oscillation period of oscillating voltages applied to the CS
buslines is 12H, i.e., 2*K*L times the horizontal scanning
period.

[0482] [K=1, L=8, oscillation period=16H]

[0483] Assuming that there are eight electrically indepen-
dent sets of CS buslines, connection patterns are shown in
FIG. 41 and drive waveforms are shown in FIG. 42. Also,
the connection patterns used in FIG. 41 are shown in Table
9.

[0484] In FIG. 41, cach CS busline is connected to any of
eight CS trunks provided at the left end of the figure.
Therefore, there are eight electrically independent sets of CS
buslines, and thus L=8.

[0485] Also, in FIG. 41, there is some regularity in
connection patterns between the CS buslines and CS trunks,
namely the same connection pattern repeats every 16 CS
buslines in the figure. Thus, K=1 (=16/(2L)).
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[0489] CSBL_(p+1)B, (p+2)A
[0490] CSBL_(p+8)B, (p+9)A
[0491] where either p=1, 3,5, ... 0rp=0,2,4,...
[0492] Using the parameters L and X, the above expres-

sions can be given as follows for any p:
[0493] CSBL_(p+2*(K-1))B, (p+2*(K-1)+1)A

[0494] CSBL_(p+2*(K-D+K*L+1)B, (p+2*(K-1)+
K*L+2)A or

[0495] CSBL_(p+2*(K-1)+1)B, (p+2*(K-1)+2)A

[0496] CSBL_(p+2*(K-1)+K*L)B,  (p+2*(K-1)+
K*L+1)A

[0497] Thus, it is sufficient to electrically equalize the CS
buslines within each CS busline group represented by each

of the above sets of expressions, where either p=1, 3, 5, . .
.orp=0,2,4,...

[0498] Incidentally, in FIG. 42, it can be seen that the
oscillation period of oscillating voltages applied to the CS
buslines is 16H, i.e., 2*K*L times the horizontal scanning
period.

[0499]

[0500] Assuming that there are ten electrically indepen-
dent sets of CS buslines, connection patterns are shown in
FIG. 43 and drive waveforms are shown in FIG. 44. Also,
the connection patterns used in FIG. 43 are shown in Table
10.

[0501] InFIG. 43, cach CS busline is connected to any of
ten CS trunks provided at both left and right ends of the
figure. Therefore, there are ten electrically independent sets
of CS buslines, and thus L=10. Also, in FIG. 43, there is
some regularity in connection patterns between the CS
buslines and CS trunks, namely the same connection pattern

[K=1, L=10, oscillation period=20]

TABLE 9 repeats every 20 CS buslines in the figure. Thus, K=1
-8 K-1 (=20/(2L)).
CS trunk CS busline connected to CS trunk TABLE 10
Mle CSBL_ (n-1)B, (n) A L=10,K=1
CSBL_ (n +8) B,(n+9A
M2c CSBL_ (n) B,(n + 1) A CS trunk CS busline connected to CS trunk
CSBL_ (n +7) B,(n+8)A
M3c CSBL_ (n+1)B,(n+2)A Mid CSBL_ (n-1) B, (n) A
CSBL_ (n+10) B, (n + 1) A CSBL_ (n+10) B, (n + 11) A
Mée CSBL_ (n +2) B, (n + 3) A M2d CSBL_ () B, (n+ 1) A
CSBL_ (n+9)B, (n +10) A CSBL__ (n+9)B (n+10) A
M5e¢ CSBL_ (n+3)B,(n+4)A M3d CSBL_ (n+1) B, (n+ 2) A
CSBL_ (n+12) B, (n + 13) A CSBL_ (n+12) B, (n + 13) A
Mée CSBL_ (n +4) B, (n +5A M4d CSBL_ (n+2)B,(n+3)A
CSBL_ (n+11) B, (n+ 12) A CSBL_ (n+11) B, (n +12) A
M7¢ CSBL_ (n+5)B, (n+6)A M5d CSBL_ (n+3)B,(n+4A
CSBL_ (n+14) B, (n + 15) A CSBL_ (n+14) B, (n + 15 A
Mse CSBL_ (a+6)B,(a+ DA Méd CSBL_ (n+4) B, (n+5)A
CSBL_ (n+13) B, (n+ 14 A CSBL_ (n+13) B, (n + 14) A
M7d CSBL_(a+5) B, (n+6)A
where n=1,17, 33, ... CSBL_(n+16)B, (n+17) A
Msd CSBL_ (n+6)B,(n+ A
[0486] It can be seen from Table 9, that the CS buslines in Mod gggi EE : %5 )BB(IEH++7)1 (2 A
FIG. 41 are clectrically equal within each group represented CSBL_(n+18) B, (n+ 19 A
by any of the following sets of expressions: Mi10d CSBL_ Eﬂ +8 B, (n+7)A

[0487]
[0488]

CSBL_(p)B, (p+1)A
CSBL_(p+9)B, (p+10)A or

n+17) B, (n+ 18) A

where n = 1, 21, 41, .. .



US 2005/0122441 A1l

[0502] It can be seen from Table 10, that the CS buslines
in FIG. 43 are electrically equal within each group repre-
sented by any of the following sets of expressions:

[0503] CSBL_(p)B, (p+1)A
[0504] CSBL_(p+11)B, (p+12)A or
[0505] CSBL_(p+1)B, (p+2)A
[0506] CSBL_(p+10)B, (p+11)A
[0507]

[0508] Using the parameters L and K, the above expres-
sions can be given as follows for any p:

[0509] CSBL_(p+2*(K-1))B, (p+2*(K-1)+1)A
[0510] CSBL (p+2*(K-1)+K*L+1)B, (p+2*(K-1)+
K*L+2)A or
[0511] CSBL_(p+2*(K-1)+1)B, (p+2*(K-1)+2)A
[0512] CSBL_(p+2*(K-D+K*L)B,  (p+2*(K-1+
K*L+1)A
[0513] Thus, it is sufficient to electrically equalize the CS
buslines within each CS busline group represented by each

of the above sets of expressions, where either p=1, 3, 5, . .
corp=0,2,4,....

[0514] Incidentally, in FIG. 44, it can be seen that the
oscillation period of oscillating voltages applied to the CS
buslines is 20H, i.e., 2¥*K*L times the horizontal scanning
period.

[0515]

where either p=1,3,5,...0rp=0,2,4, ...

[K=1, L=12, oscillation period=24H]

[0516] Assuming that there are 12 electrically independent
sets of CS buslines, connection patterns are shown in FIG.
45 and drive waveforms are shown in FIG. 46. Also, the
connection patterns used in FIG. 45 are shown in Table 11.

[0517] In FIG. 45, each CS busline is connected to any of
12 CS trunks provided at the left end of the figure. Therefore,
there are 12 electrically independent sets of CS buslines, and
thus L=12. Also, in FIG. 45, there is some regularity in
connection patterns between the CS buslines and CS trunks,
namely the same connection pattern repeats every 24 CS
buslines in the figure. Thus, K=1 (=24/(2L)).

TABLE 11
L=13,K=1
CS trunk CS busline connected to CS trunk
Mle CSBL_ (n-1)B, () A
CSBL_ (n+12)B Mm+3)A
M2e CSBL_(m) B, (n+ 1) A
CSBL_ (n+11) B, (n+ 12)A
M3e CSBL (a+1)B,(n+2)A
CSBL_ (n+14) B, (n+ 15) A
Mde CSBL_ (n+2)B, (n+3)A
CSBL_ (n+13)B,(n+ 14) A
M5e CSBL_(n+3)B,(n+4)A
CSBL_(n+16)B,(n+ 17) A
Mée CSBL_ (n+4)B, (n+5)A
CSBL_ (n +15) B, (n + 16) A
M7e CSBL_ (n +5)B, (n+6)A
CSBL_ (n+18) B, (n+ 19) A
MSe CSBL_ (n+6)B, (n+7)A
CSBL_ (n+17) B, (n + 18) A
Moe CSBL_ (n+7)B, (n+6)A
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TABLE 11-continued

CSBL_ (n +20) B, (n + 21) A
Mi0e CSBL_ (n+8)B,(n+7)A
CSBL_ (n+ 19) B, (n + 20) A
Mile CSBL_ (n+9)B, (n+ 10) A
CSBL_ (n+22) B, (n + 23) A
Mi2% CSBL_ (n+10) B, (n + 11) A
(

CSBL_ (n+21)B, (n+22)A

where n = 1, 25, 49, ...

[0518] It can be scen from Table 11, that the CS buslines
in FIG. 45 are electrically equal within each group repre-
sented by any of the following sets of expressions:

[0519] CSBL_(p)B, (p+D)A

[0520] CSBL (p+13)B, (p+14)A or

[0521] CSBL (p+1)B, (p+2)A

[0522] CSBL_(p+12)B, (p+13)A

[0523] where either p=1, 3,5, ... 0rp=0,2, 4, ...
[0524] Using the parameters L and K, the above expres-

sions can be given as follows for any p:
[0525]

[0526] CSBL_(p+2*(K-1)+K*L+1)B, (p+2*(K-1)+
K*L+2)A or

CSBL_(p+2*(K-1))B, (p+2*(K-1)+1)A

[0527]

[0528] CSBL_(p+2*(K-1)+K*L)B,
KFL+1)A

CSBL_(p+2*(K-1)+1)B, (p+2*(K-1)+2)A
(p+2*(K-1)+

[0529] Thus, it is sufficient to electrically equalize the CS
buslines within each CS busline group represented by each

of the above sets of expressions, where either p=1, 3, 5, . .
corp=0,2,4,....

[0530] Incidentally, in FIG. 46, it can be seen that the
oscillation period of oscillating voltages applied to the CS
buslines is 24H, i.e., 2*K*L times the horizontal scanning
period.

[0531] In all the cases described above, the parameter
K=1. Now, cases in which the value of the parameter K is 2
will be described.

[0532]

[0533] Assuming that the value of the parameter K is 2 and
that there are four electrically independent sets of CS
buslines, connection patterns are shown in FIG. 47 and
drive waveforms are shown in FIG. 48. Also, the connection
patterns used in FIG. 47 are shown in Table 12.

[0534] InFIG. 47, cach CS busline is connected to any of
four CS trunks provided at both left and right ends of the
figure. Therefore, there are four electrically independent sets
of CS buslines, and thus LL=4. Also, in FIG. 47, there is some
regularity in connection patterns between the CS buslines
and CS trunks, namely the same connection pattern repeats
every 16 CS buslines in the figure. Thus, K=2 (=16/(2L)).

[K=2, L=4, oscillation period=16H]
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TABLE 12

L=4,K=2

CS trunk CS busline connected to CS trunk

Mif CSBL__
CSBL_
CSBL__
CSBL
M2f CSBL
CSBL

m-1)B, (A
m+1)B,(m+2)A
m+8)B,n+9A
(n+10)B(n+11)A

B, (n+1)A
(n+2)B(n+3)A
CSBL_(n+7)B,(n+8) A
CSBL_ (n +9) B (n+ 10) A
M3t CSBL_ (n+3)B,(n+4)A
(
(
(
(
(
(
(

CSBL_ (n+5)B,(n+6)A
CSBL (n+12) B, (n+13) A
CSBL_ (n+14) B (n +15) A

M4t CSBL_(n+4)B,(m+5)A
CSBL_ n+6)B @+7)A
CSBL (n+11)B, (n+12)A
CSBL_ (n+13) B (n+14) A

where n=1, 17, 33, . ..

[0535] It can be seen from Table 12, that the CS buslines
in FIG. 47 are electrically equal within each group repre-
sented by any of the following sets of expressions:

[0536] CSBL_(p)B, (p+1)A,

[0537] CSBL_(p+2)B, (p+3)A and

[0538] CSBL_(p+9)B, (p+10)A,

[0539] CSBL_(p+l)B, (p+12)A or

[0540] CSBL_(p+1)B, (p+2)A,

[0541] CSBL_(p+3)B, (p+4)A and

[0542] CSBL_(p+8)B, (p+9)A,

[0543] CSBL_(p+10)B, (p+11)A

[0544] where either p=1, 3, 5, or p=0, 2,4, . . .
[0545] Using the parameters L and K, the above expres-

sions can be given as follows for any p:
[0546] CSBL_(p+2*(1-1))B, (p+2*(1-1)+1)A
[0547] CSBL_(p+2*(K-1))B, (p+2*(K-1)+1)A and

[0548] CSBL_(p+2*(1-1)+K*L+1)B, (p+2*(1-1)+
K*L+2)A

[0549] CSBL_(p+2*(K-1)+K*L+1)B, (p+2*(K-1)+
K*L+2)A or

[0550] CSBL_(p+2*(1-1)+1)B, (p+2*(1-1)+2)A

[0551] CSBL_(p+2*(K-1)+1)B, (p+2*(K-1)+2)A
and

[0552] CSBL_(p+2*(1-1)+. K*L)B, (p+2*(1-1)+
K*L+DA

[0553] CSBL_(p+2*(K-1)+K*L)B,  (p+2*(K-1)+
K*L+1DA

[0554] Thus, it is sufficient to electrically equalize the CS

buslines within each CS busline group represented by each
of the above sets of expressions, where either p=1, 3, 5, . .
.orp=0,2,4,...
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[0555] Incidentally, in FIG. 48, it can be seen that the
oscillation period of oscillating voltages applied to the CS
buslines is 16H, i.e., 2*K*L times the horizontal scanning
period.

[0556]

[0557] Assuming that the value of the parameter K is 2 and
that there are six electrically independent sets of CS bus-
lines, connection patterns are shown in FIG. 49 and drive
waveforms are shown in FIG. 50. Also, the connection
patterns used in FIG. 49 are shown in Table 13.

[0558] InFIG. 49, cach CS busline is connected to any of
six CS trunks provided at both left and right ends of the
figure. Therefore, there are six electrically independent sets
of CS buslines, and thus .=6. Also, in FIG. 49, there is some
regularity in connection patterns between the CS buslines
and CS trunks, namely the same connection pattern repeats
every 24 CS buslines in the figure. Thus, K=2 (=24/2L)).

[K=2, L=6, oscillation period=24H]

TABLE 13

L=6K=2

CS trunk CS busline connected to CS trunk

Mig CSBL_
CSBL_
CSBL_
CSBL_
M2g CSBL_
CSBL_

n- 1B @A

n+1)B, n+2)A
n+12) B, (n+ 13) A
n+14)B@m+15A
n) B, (n+1)A

n+2)B(n+3)A
n+11) B, (2 +12) A
n+13) B (n+14) A
n+3)B,(n+4A
CSBL_(n+5)B,(n+6)A
CSBL_(n+16)B, (n+17) A

(
(
(
(
(
(
CSBL_ (
(

(

E

CSBL_ (n+ 18) B (n +19) A

(

(

(

(

(

(

(

(

(

(

(

(

CSBIL_
M3g CSBL

Mg CSBL_ (n+4)B, (n+35)A
CSBL_ (n+6)B,(n+7)A
CSBL_ (n+15) B, (n + 16) A
CSBL_ (n+17)B(+19) A

N5g CSBL_ (n+7)B,(n+8) A
CSBL_ (n+9)B, (n+10) A
CSBL_ (n+20) B, (n+21)A
CSBL_ (n+22)B(n+23)A

Nég CSBL_ (n+8)B,(n+9A
CSBL_ (n+ 10) B, (n + 1) A
CSBL_ (n+19) B, (n + 20) A
CSBL_ (n+21)B(+22) A

where n = 1, 25,49, ...

[0559] It can be seen from Table 13, that the CS buslines
in FIG. 49 are electrically equal within each group repre-
sented by any of the following sets of expressions:

[0560] CSBL (p)B, (p+1)A,

[0561] CSBL (p+2)B, (p+3)A and

[0562] CSBL_(p+13)B, (p+14)A,

[0563] CSBL_(p+15)B, (p+16)A or

[0564] CSBL (p+1)B, (p+2)A,

[0565] CSBL_(p+3)B, (p+4)A and

[0566] CSBL (p+12)B, (p+13)A,

[0567] CSBL (p+14)B, (p+15)A

[0568] where either p=1, 3, 5, . . . or p=0, 2, 4,
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[0569] Using the parameters L and K, the above expres-
sions can be given as follows for any p:

[0570] CSBL _(p+2*(1-1))B, (p+2*(1-1)+DA

[0571] CSBL_(p+2*(K-1))B, (p+2*(K-1)+1)A and

[0572] CSBL_(p+2*(1-1)+K*L+1)B, (p+2*(1-1)+
K*L42)A

[0573] CSBL (p+2*(K-1)+K*L+1)B, (p+2*(K-1)+
K*L+2)A or

[0574] CSBL_(p+2*(1-1)+1)B, (p+2*(1-1)+2)A
[0575] CSBL_(p+2*(K-1)+1)B, (p+2*(K-1)+2)A
and
[0576] CSBL_(p+2*(1-1)+K*L)B,  (p+2*(1-1)+
K*L+1DA
[0577] CSBL_(p+2*(K-D+K*L)B,  (p+2*(K-1D+
K*L+1)A

[0578] Thus, it is sufficient to electrically equalize the CS

buslines within each CS busline group represented by each
of the above sets of expressions, where either p=1, 3, 5, . .
corp=0,2,4,....

[0579] Incidentally, in FIG. 50, it can be seen that the
oscillation period of oscillating voltages applied to the CS
buslines is 24H, i.e., 2*K*L times the horizontal scanning
period.

[0580] Regarding the parameters K and L, although cases
in which K=1 and L=4, 6, 8, 10, or 12 and cases in which
K=2 and L=4 or 6 have been described above, the embodi-
ment of the fourth aspect of the present invention is not
limited to this.

[0581] The value of K needs only to be a positive integer,
ie,K=1,2,3,4,5,6,7,8, 9, or the like and the value of
L needs only to be an even number, i.e., 1.=2, 4, 6, 8, 10, 12,
14, 16, 18, or the like. In addition, the values of K and L can
be set independently from the respective range.

[0582] Regarding the connection between CS trunks and
CS buslines, the rules described above can be complied
with.

[0583] Specifically, when the values of the parameters K
and L are K and L, respectively (K=K, L=L), the CS buslines
connected to the same trunk, i.e., the electrically equivalent
CS buslines should be as follows:

[0584] CSBL_(p+2*(1-1)B, (p+2*(1-1)+1)A,
[0585] CSBL_(p+2*(2-1)B, (p+2*(2-1)+1)A,
[0586] CSBL_(p+2*(3-1))B, (p+2*(3-1)+1)A,
[0587] CSBL_(p+2*(K-1))B, (p+2*(K-1)+1)A and

[0588] CSBL_(p+2*(1-D+K*L+1)B, (p+2*(1-1)+
K*L+2)A,

[0589] CSBL _(p+2*(2-1)+K*L+1)B, (p+2*(2-1)+
K*L+2)A,

[0590] CSBL_(p+2*(3-D)+K*L+1)B, (p+2*(3-1)+
K*L+2)A,

[0591] CSBL (p+2*(K-1)+K*L+1)B, (p+2*(3-1)+
K*L+2)A; or

[0592] CSBL_(p+2*(1-1)+1)B, (p+2*(1-1)+2)A,
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[0593] CSBL_(p+2*(2-1)}+1)B, (p+2*(2-1)+2)A,
[0594] CSBL_(p+2*(3-1)+1)B, (p+2*(3-1)+2)A,
[0595] CSBL_(p+2*(K-1)+1)B, (p+2*(K-1)+2)A
and
[0596] CSBL_(p+2*(1-1)+K*L)B,  (p+2*(1-1)+
K*L+1)A,
[0597] CSBL_(p+2*(2-1)+K*L)B,  (p+2*(2-1)+
K*L+1)A,
[0598] CSBL_(p+2*(3-1)+K*L)B,  (p+2*(3-1)+
K*L+1)A,
[0599] CSBL_(p+2*(K-1)+K*L)B, (p+2*(K-1)+
K*L+1)A,
[0600] where p=1, 3, 5, or the like, or p=0, 2, 4, or the
like.
[0601] Furthermore, when the values of the parameters K

and L are K and L, respectively (K=K, L=L), the oscillation
period of oscillating voltages applied to the CS buslines can
be 2*K*L times the horizontal scanning period.

[0602] Incidentally, although in the above description, the
first sub-pixel of one of adjacent picture elements and the
second sub-pixel of the other picture element share a com-
mon CS busline, of course, they may use different CS
buslines which are electrically equivalent.

[0603] The first aspect of the present invention can
achieve extremely high display quality with reduced view-
ing angle dependence of y characteristics. The second aspect
of the present invention can reduce flickering on a liquid
crystal display caused during ac driving.

[0604] The third aspect of the present invention can adapt
the liquid crystal display according to the first or second
aspect of the present invention to large or high-resolution
liquid crystal display.

[0605] The fourth aspect of the present invention can
adapt the liquid crystal display according to the first or
second aspect of the present invention to large or high-
resolution liquid crystal display even better than the third
aspect can.

[0606] This non-provisional application claims priority
under 35 USC §119(a) on Patent Applications No. 2003-
408046 filed in Japan on Dec. 5, 2003 and No. 2004-250982
filed in Japan on Aug. 30, 2004, the entire contents of which
are hereby incorporated by reference.

What is claimed is:

1. Aliquid crystal display, comprising a plurality of pixels
each of which has a liquid crystal layer and a plurality of
electrodes for applying a voltage to the liquid crystal layer
and which are arranged in a matrix of rows and columns,
wherein:

cach of the plurality of pixels has a first sub-pixel and a
second sub-pixel which can apply mutually different
voltages to the liquid crystal layer, where the first
sub-pixel has a higher brightness than the second
sub-pixel in certain gradations;
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the first sub-pixel and the second sub-pixel each com-
prise:

a liquid crystal capacitor formed by a counter electrode
and a sub-pixel electrode opposing the counter elec-
trode via the liquid crystal layer, and

a storage capacitor formed by a storage capacitor elec-
trode connected electrically to the sub-pixel electrode,
an insulating layer, and a storage capacitor counter
electrode opposing the storage capacitor electrode via
the insulating layer;

the counter electrode is a single electrode shared by the
first sub-pixel and the second sub-pixel, and the storage
capacitor counter electrodes of the first sub-pixel and
the second sub-pixel are electrically independent of
each other; and

the storage capacitor counter electrode of the first sub-
pixel in any of the plurality of pixels and the storage
capacitor counter electrode of the second sub-pixel of
a pixel adjacent to any of the pixels in the column
direction are electrically independent of each other.

2. The liquid crystal display according to claim 1, wherein
the first sub-pixel in the any of the pixels is arranged in such
a way as to be adjacent to the second sub-pixel of the pixel
adjacent to the any of the pixels in the column direction.

3. The liquid crystal display according to claim 1, wherein
in each of the plurality of pixels, the first sub-pixel is
arranged in such a way as to be adjacent to the second
sub-pixel in the column direction.

4. The liquid crystal display according to claim 1, com-
prising a plurality of storage capacitor trunks electrically
independent of each other, wherein each of the storage
capacitor trunks is electrically connected to any of the
storage capacitor counter electrodes of the first sub-pixel and
the second sub-pixel in the plurality of pixels via a storage
capacitor line.

5. The liquid crystal display according to claim 4, wherein
the number of the storage capacitor trunks electrically
independent of each other among the plurality of storage
capacitor trunks is L, storage capacitor counter voltage
supplied by each of the storage capacitor trunks is oscillating
voltage, and the period of oscillation is L times a horizontal
scanning period.

6. The liquid crystal display according to claim 4, wherein
the plurality of storage capacitor trunks electrically inde-
pendent of each other are an even number of storage
capacitor trunks grouped into pairs of storage capacitor
trunks which supply storage capacitor counter voltages
whose oscillations are 180 degrees out of phase with each
other.

7. The liquid crystal display according to claim 1, wherein
the number of storage capacitor trunks electrically indepen-
dent of each other is larger than § times the quotient obtained
by dividing one horizontal scanning period by a CR time
constant which approximates maximum load impedance of
the storage capacitor line.

8. The liquid crystal display according to claim 4, wherein
the number of storage capacitor trunks electrically indepen-
dent of each other is larger than 8 times the quotient obtained
by dividing one horizontal scanning period by a CR time
constant which approximates maximum load impedance of
the storage capacitor line and is an even number.
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9. The liquid crystal display according to claim 1,
wherein:

the plurality of storage capacitor trunks include a first
storage capacitor trunk and a second storage capacitor
trunk electrically independent of each other; and

if the storage capacitor line connected to the storage
capacitor counter electrode of the first sub-pixel of the
pixel located at the intersection of an arbitrary column
and a given row n among rows formed by the plurality
of pixels is designated as CSBL_A n if the storage
capacitor line connected to the storage capacitor
counter electrode of the second sub-pixel is designated
as CSBL_B n, and if k is a natural number (including
0):

CSBL_A_n+k is connected to the first storage capacitor
trunk, and

CSBL_B_n+k is connected to the second storage capaci-

tor trunk.

10. The liquid crystal display according to claim 9,
wherein the periods of oscillation of first and second storage
capacitor counter voltages supplied, respectively, by the first
and second storage capacitor trunks are both twice the
horizontal scanning period.

11. The liquid crystal display according to claim 10,
wherein the second storage capacitor counter voltage lags
the first storage capacitor counter voltage by a phase differ-
ence of one horizontal scanning period.

12. The liquid crystal display according to claim 11,
comprising

two switching elements provided for the first sub-pixel
and the second sub-pixel, respectively,

wherein the two switching elements are turned on and off
by scan signal voltages supplied to a common scan line,
display signal voltages are supplied to the respective
sub-pixel electrodes and storage capacitor electrodes of
the first sub-pixel and the second sub-pixel from a
common signal line when the two switching elements
are on, and voltages of the respective storage capacitor
counter electrodes of the first sub-pixel and the second
sub-pixel change after the two switching elements are
turned off; and

if Td denotes the time required for the first storage
capacitor counter voltage to change for the first time
after the two switching elements are turned off, Td is
larger than 0 horizontal scanning period and smaller
than one horizontal scanning period.

13. The liquid crystal display according to claim 12,
wherein the Td is approximately equal to 0.5 times the
horizontal scanning period.

14. The liquid crystal display according to claim 1,
wherein:

the plurality of storage capacitor trunks include a first
storage capacitor trunk, second storage capacitor trunk,
third storage capacitor trunk, and fourth storage capaci-
tor trunk electrically independent of each other; and

if the storage capacitor line connected to the storage
capacitor counter electrode of the first sub-pixel of the
pixel located at the intersection of an arbitrary column
and a given row n among rows formed by the plurality
of pixels is designated as CSBL_A n, if the storage
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capacitor line connected to the storage capacitor
counter electrode of the second sub-pixel is designated
as CSBL_B n, and if k is a natural number (including
0):

CSBL_A_n+4*k and CSBL_B_n+2+4*k are connected
to the first storage capacitor trunk,

CSBL_B_n+4*k and CSBL_A_n+2+4*k are connected
to the second storage capacitor trunk,

CSBL_A n+1+4*k and CSBL B n+3+4*k are con-
nected to the third storage capacitor trunk, and

CSBL_B_n+1+4*k and CSBL_A n+3+4*k are con-

nected to the fourth storage capacitor trunk.

15. The liquid crystal display according to claim 14,
wherein the periods of oscillation of first to fourth storage
capacitor counter voltages supplied, respectively, by the first
to fourth storage capacitor trunks are all 4 times the hori-
zontal scanning period.

16. The liquid crystal display according to claim 15,
wherein the second storage capacitor counter voltage lags
the first storage capacitor counter voltage by a phase differ-
ence of two horizontal scanning periods, the third storage
capacitor counter voltage lags the first storage capacitor
counter voltage by a phase difference of three horizontal
scanning periods, and the fourth storage capacitor counter
voltage lags the first storage capacitor counter voltage by a
phase difference of one horizontal scanning period.

17. The liquid crystal display according to claim 16,
comprising

two switching elements provided for the first sub-pixel
and the second sub-pixel, respectively,

wherein the two switching elements are turned on and off
by scan signal voltages supplied to a common scan line,
display signal voltages are supplied to the respective
sub-pixel electrodes and storage capacitor electrodes of
the first sub-pixel and the second sub-pixel from a
common signal line when the two switching elements
are on, and voltages of the respective storage capacitor
counter electrodes of the first sub-pixel and the second
sub-pixel change after the two switching elements are
turned off;, and

if Td denotes the time required for the first storage
capacitor counter voltage to change for the first time
after the two switching elements are turned off, Td is
larger than O horizontal scanning period and smaller
than two horizontal scanning periods.

18. The liquid crystal display according to claim 17,
wherein the Td is approximately equal to one horizontal
scanning period.

19. The liquid crystal display according to claim 1,
wherein:

the plurality of storage capacitor trunks include a first
storage capacitor trunk, second storage capacitor trunk,
third storage capacitor trunk, fourth storage capacitor
trunk, fifth storage capacitor trunk, and sixth storage
capacitor trunk electrically independent of each other;
and

if the storage capacitor line connected to the storage
capacitor counter electrode of the first sub-pixel of the
pixel located at the intersection of an arbitrary column
and a given row n among rows formed by the plurality
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of pixels arranged in a row-and-column matrix is
designated as CSBL._A_n, if the storage capacitor line
connected to the storage capacitor counter electrode of
the second sub-pixel is designated as CSBL_B_n, and
if k is a natural number (including 0):

CSBL_A_n+3*kis connected to the first storage capacitor
trunk,

CSBL_B_n+3*k is connected to the second storage
capacitor trunk,

CSBL_A n+1+3*k is connected to the third storage
capacitor trunk,

CSBL_B_n+143*k is connected to the fourth storage
capacitor trunk,

CSBL_A n+2+3*k is connected to the fifth storage
capacitor trunk, and

CSBL_B_n+2+43*k is connected to the sixth storage

capacitor trunk.

20. The liquid crystal display according to claim 19,
wherein the periods of oscillation of first to sixth storage
capacitor counter voltages supplied, respectively, by the first
to sixth storage capacitor trunks are all 6 times the horizontal
scanning period.

21. The liquid crystal display according to claim 1,
wherein:

the plurality of storage capacitor trunks include a first
storage capacitor trunk, second storage capacitor trunk,
third storage capacitor trunk, fourth storage capacitor
trunk, fifth storage capacitor trunk, sixth storage
capacitor trunk, . . . , (L-3)-th storage capacitor trunk,
(L-2)-th storage capacitor trunk, (L-1)-th storage
capacitor trunk, and L-th storage capacitor trunk for a
total of L storage capacitor trunks electrically indepen-
dent of each other; and

when % of the number L of the electrically independent
storage capacitor trunks is an odd number, i.c., when
L=2, 6, 10, . . ., or the like,

if the storage capacitor line connected to the storage
capacitor counter electrode of the first sub-pixel of the
pixel located at the intersection of an arbitrary column
and a given row n among rows formed by the plurality
of pixels is designated as CSBL_A n, if the storage
capacitor line connected to the storage capacitor
counter electrode of the second sub-pixel is designated
as CSBL_B_n, and if k is a natural number (including
0):

CSBL_A n+(/2)*k is connected to the first storage
capacitor trunk,

CSBL_B_n+(L/2)*k is connected to the second storage
capacitor trunk,

CSBL_A n+1+(L/2)*k is connected to the third storage
capacitor trunk,

CSBL_B_n+1+(L/2)*k is connected to the fourth storage
capacitor trunk,

CSBL_A n+2+(L/2)*k is connected to the fifth storage
capacitor trunk,

CSBL_B_n+2+(L/2)*k is connected to the sixth storage
capacitor trunk,

CSBL_A n+(L/2)-2+(L/2)*k is connected to the (L-3)-
th storage capacitor trunk,
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CSBL_B_n+(L/2)-2+(L/2)*k is connected to the (L-2)-
th storage capacitor trunk,

CSBL_A_n+(L/2)-1+(L/2)*k is connected to the (L-1)-
th storage capacitor trunk, and

CSBL_B_n+(L/2)-1+(L/2)*k is connected to the L-th

storage capacitor trunk.

22. The liquid crystal display according to claim 21,
wherein the periods of oscillation of first to L-th storage
capacitor counter voltages supplied, respectively, by the first
to L-th storage capacitor trunks are all L times the horizontal
scanning period.

23. The liquid crystal display according to claim 1,
wherein:

the plurality of storage capacitor trunks include a first
storage capacitor trunk, second storage capacitor trunk,
third storage capacitor trunk, fourth storage capacitor
trunk, fifth storage capacitor trunk, sixth storage
capacitor trunk, seventh storage capacitor trunk, and
eighth storage capacitor trunk electrically independent
of each other; and

=

if the storage capacitor line connected to the storage
capacitor counter electrode of the first sub-pixel of the
pixel located at the intersection of an arbitrary column
and a given row n among rows formed by the plurality
of pixels is designated as CSBL_A n, if the storage
capacitor line connected to the storage capacitor
counter electrode of the second sub-pixel is designated
as CSBL B n, and if k is a natural number (including

0):

CSBL_A_n+8*k and CSBL_B_n+4+8*k are connected
to the first storage capacitor trunk,

CSBL_B_n+8*k and CSBL_A n+4+8*k are connected
to the second storage capacitor trunk,

CSBL_A n+1+8*k and CSBL_B_n+5+8*k are
nected to the third storage capacitor trunk,

CSBL B _n+1+8%k and CSBL_A n+5+8%k are
nected to the fourth storage capacitor trunk,

CSBL_A n+2+8*%k and CSBL_B_n+6+8*k are
nected to the fifth storage capacitor trunk,

CSBL_B_n+2+8%*k and CSBL_A_n+6+8%k are
nected to the sixth storage capacitor trunk,

CSBL_A n+3+8*k and CSBL B n+748*k are con-
nected to the seventh storage capacitor trunk, and

CSBL_B_n+3+8*k and CSBL_A n+7+8%k are con-

nected to the eighth storage capacitor trunk.

24. The liquid crystal display according to claim 23,
wherein the periods of oscillation of first to eighth storage
capacitor counter voltages supplied, respectively, by the first
to eighth storage capacitor trunks are all 8 times the hori-
zontal scanning period.

25. The liquid crystal display according to claim 1,
wherein:

con-
con-
con-

con-

the plurality of storage capacitor trunks include a first
storage capacitor trunk, second storage capacitor trunk,
third storage capacitor trunk, fourth storage capacitor
trunk, fifth storage capacitor trunk, sixth storage
capacitor trunk, seventh storage capacitor trunk, eighth
storage capacitor trunk . . . , (L-3)-th storage capacitor
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trunk, (L-2)-th storage capacitor trunk, (L-1)-th stor-
age capacitor trunk, and L-th storage capacitor trunk for
a total of L storage capacitor trunks electrically inde-
pendent of each other; and

when ¥ of the number L of the electrically independent
storage capacitor trunks is an even number, i.e., when
L=4, 8,12, ..., or the like,

if the storage capacitor line connected to the storage
capacitor counter electrode of the first sub-pixel of the
pixel located at the intersection of an arbitrary column
and a given row n among rows formed by the plurality
of pixels arranged in a row-and-column matrix is
designated as CSBL_A n, if the storage capacitor line
connected to the storage capacitor counter electrode of
the second sub-pixel is designated as CSBL_B_n, and
if k is a natural number (including 0):

CSBL_A_n+L*k and CSBL_B_n+(L/2)+L*k ar¢ con-
nected to the first storage capacitor trunk,

CSBL_B_n+L*k and CSBL_A n+(/2)+L*k are con-
nected to the second storage capacitor trunk,

CSBL_A n+1+L*k and CSBL_B_n+(L/2)+1+L*k are
connected to the third storage capacitor trunk,

CSBL_B_n+1+L*k and CSBL_A_n+(L/2)+1+L*k
connected to the fourth storage capacitor trunk,

CSBL_A_n+2+L*k and CSBL B n+(L/2)+2+L*k
connected to the fifth storage capacitor trunk,

CSBL_B n+2+L*k and CSBL A n+(L/2)+2+L*k
connected to the sixth storage capacitor trunk,

CSBL_A n+3+L*k and CSBL_B_n+(L/2)+3+L*k
connected to the seventh storage capacitor trunk,

CSBL_B n+3+L*k and CSBL_A_n+(L/2)+3+L*k
connected to the eighth storage capacitor trunk,

are
are
are
are

arc

L]

CSBL_A n+(L/2)-2+L*k and CSBL_B_n+L-2+L*k are
connected to the (L-3)-th storage capacitor trunk,

CSBL_B_n+(L/2)-2+L*k and CSBL_A_n+L-2+1*k are
connected to the (L-2)-th storage capacitor trunk,

CSBL_A_n+(L/2)-1+L*k and CSBL_B_n+L-1+L*k are
connected to the (L-1)-th storage capacitor trunk, and

CSBL_B_n+(L/2)-1+L*k and CSBL_A n+L-1+L*k are

connected to the L-th storage capacitor trunk.

26. The liquid crystal display according to claim 25,
wherein the periods of oscillation of first to L-th storage
capacitor counter voltages supplied, respectively, by the first
to L-th storage capacitor trunks are all L times the horizontal
scanning period.

27. A liquid crystal display, comprising a plurality of
pixels each of which has a liquid crystal layer and a plurality
of electrodes for applying an electric field to the liquid
crystal layer and which are arranged in a matrix of rows and
columns, wherein:

cach of the plurality of pixels has a first sub-pixel and a
second sub-pixel which can apply mutually different
voltages to the liquid crystal layer, where the first
sub-pixel has a higher brightness than the second
sub-pixel in certain gradations;
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the first sub-pixel and the second sub-pixel each com-
prise:

a liquid crystal capacitor formed by a counter electrode
and a sub-pixel electrode opposing the counter elec-
trode via the liquid crystal layer, and

a storage capacitor formed by a storage capacitor elec-
trode connected electrically to the sub-pixel electrode,
an insulating layer, and a storage capacitor counter
electrode opposing the storage capacitor electrode via
the insulating layer;

the counter electrode is a single electrode shared by the
first sub-pixel and the second sub-pixel, and the storage
capacitor counter electrodes of the first sub-pixel and
the second sub-pixel are electrically independent of
cach other;

the liquid crystal display further comprises a plurality of
storage capacitor trunks electrically independent of
each other, each of storage capacitor trunks being
electrically connected to any of the storage capacitor
counter electrodes of the first sub-pixel and the second
sub-pixel in the plurality of pixels via a storage capaci-
tor line, the storage capacitor counter electrode of the
first sub-pixel of one of two adjacent pixels in the
column direction is connected to a storage capacitor
line electrically equivalent to the storage capacitor
counter electrode of the second sub-pixel of the other;
and

the number of the storage capacitor trunks electrically
independent of each other amount the plurality of
storage capacitor trunks is L or more (L is an even
number), storage capacitor counter voltage supplied by
each of the storage capacitor trunks is oscillating volt-
age, and the period of oscillation is 2¥*K¥*L (K is a
positive integer) times a horizontal scanning period.

28. The liquid crystal display according to claim 27,

wherein:

if the storage capacitor line connected to the storage
capacitor counter electrode of the first sub-pixel of the
pixel located at the intersection of an arbitrary column
and a given row n among rows formed by the plurality
of pixels arranged in a row-and-column matrix is
designated as CSBL_(n)A and the storage capacitor
line connected to the storage capacitor counter elec-
trode of the second sub-pixel is designated as
CSBL_(n)B,

CS buslines connected to the L electrically independent
storage capacitor trunks satisfy relationships:

CSBL_(p+2+(1=1))B, (p+2*(1-1)+1)A,
CSBL_(p+2+(2-1))B, (p+2*(2-1)+1)A,
CSBL,_(p+2(3-1))B, (p+2*(3-1)+1)A,

CSBL_(p+2*(K-1))B, (p+2*(K-1)+1)A and

CSBL_(p+2*(1-1+K*L+1)B, (p+2*(1-1)+K*L+2)A,
CSBL_(p+2*(2-1+K*L+1)B, (p+2*(2-1)+K*L+2)A,
CSBL_(p+2*(3-1+K*L+1)B, (p+2*(3-1)+K*L+2)A,
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CSBL_(p+2*(K-1)+K*L+1)B,
or

CSBL_(p+2*(1-1)+1)B, (p+2*(1-1)+2)A,
CSBL_(p+2*(2-1)+1)B, (p+2*(2-1)+2)A,
CSBL_(p+2*(3-1)+1)B, (p+2*(3-1)+2)A,

(p+2*(3-1)+K*L+2)A;

CSBL_(p+2*(K-1)+1)B, (p+2*(K-1)+2)A and

CSBL_(p+2*(1-1)+K*L)B, (p+2*(1-1)+K*L+1)A,
CSBL_(p+2*(2-1)+K*L)B, (p+2*(2-1)+K*L+1)A,
CSBL_(p+2*(3-1)+K*L)B, (p+2*(3-1)+K*L+1)A,

CSBL_(p+2*(K-1)+K*L)B, (p+2*(K-1)+K*L+1)A,

where p=1, 3, 5, or the like, or p=0, 2, 4, or the like.

29. The liquid crystal display according to claim 27,
wherein K is 1 or 2, and L is any of 6, 8, 10, and 12.

30. The liquid crystal display according to claim 27,
wherein the storage capacitor line is placed between two
adjacent pixels in the column direction.

31. The liquid crystal display according to claim 30,
comprising;

two switching elements provided for the first sub-pixel
and the second sub-pixel, respectively; and

a scan line commonly connected to the two switching
elements,

wherein the common scan line is placed between the first

sub-pixel and the second sub-pixel.

32. The liquid crystal display according to claim 27,
wherein the plurality of storage capacitor trunks are an even
number of storage capacitor trunks grouped into pairs of
storage capacitor trunks which supply storage capacitor
counter voltages whose oscillations are 180 degrees out of
phase with each other.

33. The liquid crystal display according to claim 27,
wherein in any two adjacent pixels in the column direction,
the storage capacitor counter electrode of the first sub-pixel
of one pixel and the storage capacitorcounter electrode of
the second sub-pixel of the other pixel are connected to a
common storage capacitor line.

34. The liquid crystal display according to claim 9,
wherein duty ratios of the storage capacitor counter voltages
are all 1:1.

35. The liquid crystal display according to claim 1,
wherein the first sub-pixel in the any of the pixels is arranged
in such a way as to be adjacent to the second sub-pixel of the
pixel adjacent to the any of the pixels in the column direction
and in each of the plurality of pixels, the first sub-pixel is
arranged in such a way as to be adjacent to the second
sub-pixel in the column direction.

36. The liquid crystal display according to claim 1,
wherein the first sub-pixel and the second sub-pixel are
approximately equal in area.

37. The liquid crystal display according to claim 1,
wherein the second sub-pixel is larger in area than the first
sub-pixel.
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