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LIQUID CRYSTAL DISPLAY

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display (LCD), especially to a vertical alignment (VA) mode
LCD.

BACKGROUND OF THE INVENTION

[0002] Nowadays, there are many techniques developed
for obtaining a wider viewing angle of the liquid crystal
display (LCD). Among so many wide viewing angle (WVA)
techniques, the vertical alignment (VA) techniques including
a multi-domain vertical alignment (MVA) LCD, a patterned
vertical alignment (PVA) LCD and a biased bending vertical
alignment (BBVA) LCD are widely applied.

[0003] Among the mentioned VA techniques, the MVA
technique utilizes the properties of the non-identical direc-
tions in arrangements and rotations of the liquid crystal (LC)
molecules to increase the viewing angle and shorten the
response time of the LCD. For example, the LC molecules
arranged in the MVA LCD could be promoted to align in
various directions by the surface prominence, such as bumps
and protrusions. As for the PVA LCD, which is another
application in the MVA techniques, the pixel thereof is
divided into multiple domains by a patterned indium tin
oxide (ITO) on the color filter (CF) substrate. Furthermore,
the BBVA technique relates to adjusting the arrangements
and rotations of the LC molecules in various directions by
means of the electrical field provided by a further electrode,
i.e. the biased electrode.

[0004] However, there are still some issues affecting the
image property of the conventional multi-domain vertical
alignment mode LCD, and one of which resides in the
pressure mura resulting from the disclination of LC mol-
ecules. Take the BBVA LCD for example, the disclination
phenomenon occurs because the LC molecules arranged in
the sides of the pixel electrode paralleled to the scanning
lines or data lines, i.e. the pixel wing as respectively shown
in area I of FIG. 1, always tilt in conflicting directions.

[0005] With reference to FIG. 2, which is a diagram
illustrating the root cause of the reverse domain of the
conventional BBVA LCD and the pressure mura observed in
the pixel structure thereof, the pressure mura as shown is
referred to two different cases, where one relates to the
conflict of LC molecules resulting from the structure of pixel
electrode, as shown in areas I" and 11", and the other relates
1o the intrinsic shift of L.C molecules accordingly, as shown
m areas [' and II' thereof. As a result, the LC molecules will
be aligned disclinatedly on the fringe of the overlapping
field of the biased electrode and the pixel electrode of the
conventional BBVA LCD, and the reverse domains and thus
the pressure mura and lower transmittance would be gener-
ated correspondingly.

[0006] In order to overcome such issues of the conven-
tional VA LCD, an improved VA LCD having a new pixel
structure is provided in the present invention, whereby the
disclination lines thereof would be efliciently removed and
the pressure mura resulting therefrom is hence prevented.

SUMMARY OF THE INVENTION

[0007] In accordance with a first aspect of the present
invention, a novel pixel for a liquid crystal display (LCD)
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device is provided. The LCD device is constructed of a first
substrate, a second substrate opposite thereto, a first polar-
izer with a first transmission axis, a plurality of the novel
pixels defined by a plurality of first signal lines and a
plurality of second signal lines, and a liquid crystal layer
sandwiched between the first substrate and the second
substrate. Each of the pixels includes a first electrode formed
on the first substrate and a second electrode with at least an
opening formed on the second substrate. For preventing the
disclination of liquid crystal (LC) molecules that happens
nearby the fringe of the first and second electrodes, the
second electrode is provided with at least a stair pattern on
a first side thereof, which is preferably provided in a
direction substantially parallel to the first transmission axis.
Furthermore, the number of the steps of stair pattern is
corresponding to the length of the first side of the second
electrode.

[0008] In a preferred embodiment, the signal lines of the
LCD device also have a respective bent pattern correspond-
ing to the first stair pattern. The LCD device further includes
a second polarizer with a second transmission axis perpen-
dicular to the first one, and the first stair pattern is formed on
a second side of the second electrode in a direction substan-
tially parallel to the second transmission axis.

[0009] In accordance with a second aspect of the present
invention, the novel pixel is also applicable for a biased
bending vertical alignment (BBVA) LCD. In comparison
with the mentioned embodiments, the novel pixel further
includes a third electrode having at least a second stair
pattern on a specific side thereof and located between the
second electrode and the second substrate of the LCD. The
second stair pattern is characterizing in being complemen-
tary to the first one formed on the second electrode. Simi-
larly, the number of the steps of second pattern is corre-
sponding to the length of the specific side of the third
electrode.

[0010] In accordance with a third aspect of the present
invention, the first stair pattern is formed on a first side of the
second electrode in a direction substantially parallel to one
of the first signal lines and the second signal lines of the
LCD device. Preferably, the first side of the second electrode
is located nearby one of the signal lines, and the first stair
pattern is further formed on a specific side of the opening of
the second electrode. Preferably, the first stair pattern is
formed on a specific side of the opening of the second
electrode.

[0011] In accordance with a fourth aspect of the present
invention, the first stair pattern of the second electrode has
a first sub-side so that the liquid crystal molecules are tilted
by an electric field applied by the first and second electrodes
in a direction perpendicular thereto.

[0012] The foregoing and other features and advantages of
the present invention will be more clearly understood
through the following descriptions with reference to the
drawings, wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a diagram showing the simulation result
for the disclination of the LC molecules of the conventional
BBVA LCD according to the prior art;

[0014] FIG. 2 is a diagram illustrating the root cause of the
reverse domain of the conventional BBVA LCD and the
pressure mura observed in the pixel structure thereof;
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[0015] FIGS. 3(a)~3(d) are diagrams schematically illus-
trating the structure and the optical property of an improved
BBVA LCD according to a second preferred embodiment of
the present invention;

[0016] FIG. 4 is a diagram showing the structure of an
improved BBVA LCD according to a second preferred
embodiment of the present invention; and

[0017] FIGS. 5(a) and 5(b) are diagrams showing the
optical simulation result of the conventional BBVA LCD
and the optical simulation result of the improved BBVA
LCD according to the present invention, respectively.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0018] The present invention will now be described more
specifically with reference to the following embodiments. It
is to be noted that the following descriptions of preferred
embodiments of this invention are presented herein for
purpose of illustration and description only; it is not
intended to be exhaustive or to be limited to the precise form
disclosed.

[0019] Please refer to FIG. 3(a), which is a top view
showing the structure of an improved BBVA LCD according
to a first preferred embodiment of the present invention.
Also, please refer to 3(b), which is the cross-sectional view
according to the line A-A' shown in FIG. 3(a). The LCD 4
provided in the present invention is mainly constructed of a
first substrate 41, a second substrate 42 and an LC layer 40
located therebetween. Moreover, a first polarizer 48 and a
second polarizer 49 are attached on the outward surfaces of
the first and second substrates 41 and 42, respectively. The
LCD 4 includes plural scanning lines 44 and data lines 45
which are made of metal and interlaced, so as to define a
pixel area therefor. Regarding each of the pixel areas, the
first electrode 411, i.e. the common electrode, and the
second electrode 421, i.e. the pixel electrode, are respec-
tively located on the first substrate 41 and the second
substrate 42, and face to each other. The second electrode
421 further has at least an elongated opening 422 and a
plurality of slits 423. The slits 423 are located on both sides
of the longitudinal direction of the elongated opening 422,
and divide the second electrode 421 into plural sub-elec-
trodes, respectively. The third electrode 43, i.e. the biased
electrode for the LCD 4, has a larger width than that of the
elongated opening 422 and is located between the second
substrate 42 and the second electrode 421. Additionally, the
third electrode 43 is further located below the elongated
opening 422 and has a longitudinal direction parallel to that
thereof.

[0020] Thus, the LC molecules would be aligned and
rotated in various directions due to the functions of the
second electrode 421 and the third electrode 43, and the
effect of multi-domain division is hence achieved.

[0021] There are plural wing areas including pixel wings
and V. wings, e.g. the respective wing areas I, I, III, IV,
V and V1. The V.. wings relate to the areas formed in the
respective ovetlapping regions of the second electrode 421
and the third electrode 43, while those formed on edge of the
second electrode 421 are termed as pixel wings. Due to the
disclination phenomenon happened in the wing area of the
biased electrode, as shown in FIG. 1, in this embodiment, in
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the wing area 1 of the second electrode 421 and the third
electrode 43, a first stair pattern 424 containing plural first
steps is formed on the pixel wing and the V. ;.. wing thereof.
As shown in FIG. 3(a), each of the first steps has a first
sub-side with a first length al, a second sub-side with a
second length b1 and a first angle 01 defined therebetween.
Furthermore, in this embodiment, a second stair pattern 434
containing plural second steps is formed on the V. wing of
the second electrode 421 and the third electrode 43. Simi-
larly, each of the second steps has a third sub-side of a third
length a2, a fourth sub-side of a fourth length b2 and a
second angle 02 defined therebetween, as shown in FIG.

3(a).

[0022] Preferably, the first length al and the third length
a2 are respectively ranged from 1 um to 20 pm, and the
second length b1 and the fourth length b2 are respectively
ranged from 1 pum to 10 um. Besides, the first angle 61 and
the second angle 02 are respectively ranged from 90° to
180°, preferably. In addition, the number of steps of the stair
pattern depends on the length of wing for achieving the
purpose of the present invention. That is, more steps need to
be formed on the respective wing of the electrode if the
length of wing L is larger. For example, if the length of wing
L is 30 um, the number of the steps is preferably 2 and the
first length al and the third length a2 are respectively 12 um,
the second length bl and the fourth length b2 are respec-
tively 2.5 um, and the first angle 61 and the second angle 62
are respectively 135°, preferably.

[0023] Furthermore, the direction of the third sub-side and
the first sub-side are preferred respectively and substantially
parallel to one of the direction of the scanning lines 44 and
the data lines 45. Please refer to FIG. 3(a), in the wing area
VI, the first steps of the first stair pattern 424 of the second
electrode 421 have one sub-side extending to the same
direction of the scanning lines 44. Similarly, the first steps of
the first stair pattern 424 of the second electrode 421 in the
wing area [ respectively have at least one sub-side extending
to the same direction of the data lines 45. Thus, one sub-side
of the first steps of the first stair pattern 424 of the second
electrode 421 could be extending to the direction of one of
the signal lines. In addition, the first stair pattern 424 of the
second electrode 42 and the second stair pattern 434 of the
third electrode 43 would be complementary to each other.
However, no matter the third electrode 43 has the second
stair pattern 434 or not, the side or one sub-side of the third
electrode at the overlapping area of the second electrode 421
and the third electrode 43 of V. wings areas would be
substantially parallel to one of the signal lines, such as the
data lines 45 and the scanning lines 44. That is to say, the
second stair pattern 434 of the third electrode 43 also could
be different from the first stair pattern 424 of the second
electrode 421.

[0024] Please now refer to F1G. 3(a) and FIG. 3(b) as well.
In more details, an upper polarizer 48 with an upper trans-
mission axis “a” is arranged outside the upper substrate 41,
whereas a lower polarizer 49 with a lower transmission axis
“b” is disposed outside the lower substrate 42, as shown as
FIGS. 3(a) and 3(b). The polarizers 48 and 49 are arranged
in such a way that the transmission axis “a” of the upper
polarizer 48 on the upper substrate 41 and the transmission
axis “b” of the lower polarizer 49 on the lower substrate
have a predetermined relationship with each other, where the
light emitted from the lower polarizer 49 can be modulated
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by a change in the orientation state of the liquid crystal with
an electric field applied between the first electrode 411 and
the second electrode 421 that are provided on the lower
substrate 42. Thus, the first stair pattern 424 of the second
electrode 421 and the second pattern 434 of the third
electrode 43 are formed in a direction substantially parallel
to one of the transmission axis “a” of the upper polarizer 48
and the transmission axis “b” of the lower polarizer 49,
where in a common case, the respective transmission axes of
the upper and lower polarizers 48 and 49 are substantially
perpendicular to each other. Depending on the disired prod-
uct design, however, the arrangement orientation of polar-
izers 48 and 49 is adjustable so that the respective trans-
mission axes thereof may be changed to the respective
directions “a” or “b”. In addition, a backlight (not shown) is
arranged on the lower surface side of the lower substrate 42,

[0025] In this embodiment, problems of the disclination of
the LC molecules in the wing areas and the pressure mura
resulting therefrom are effectively overcome, as shown in
FIGS. 3(c) and 3(d), respectively. In accordance with FIG.
3(¢), which illustrates the experimental result for the discli-
nation of the LC molecules, it is apparent that there is no
disclination lines existing in the region nearby the V; _ wing
of the biased electrode and the reverse domain is sufficiently
removed by the introduction of the stair patterns thereon.
Also, as shown FIG. 3(d), it is easily observed that all of the
LC molecules twist in the same direction by the introduction
of the stair patterns, and pressure mura issue is successfully
dealt with thereby.

[0026] Please refer to FIG. 4, which is a top view showing
the structure of an improved BBVA LCD according to a
second preferred embodiment of the present invention.
Similarly, within the pixel area that is defined by the
interlaced scanning lines 54 and data lines 55 made of metal,
the second electrode 521, i.e. the pixel electrode for the
BBVA LCD 5, further has at least an elongated opening 522
and a plurality of slits 523, which are located on both sides
of the longitudinal direction of the elongated opening 522
and divide the second electrode 521 into plural sub-elec-
trodes, respectively. The third electrode 53, i.e. the biased
electrode for the LCD 5, has a larger width than that of the
elongated opening 522 and is located below the elongated
opening 522 and has a longitudinal direction parallel to that
thereof. On the respective wing areas of the second electrode
521 and the third electrode 53, i.e. the pixel wing and the
V... wing, a first stair pattern 524 containing plural first steps
and a second stair pattern 534 containing plural second steps
are respectively formed. Moreover, there is a bent pattern
554 further formed on the data lines 55, as shown in FIG. 4,

[0027] Wherein the first stair pattern 524 of the second
electrode 521 and the second stair pattern 534 of the third
electrode 53 in the V. wing are complementary to each
other and match the bend pattern 554 of the data lines 55
nearby. In more details, the data lines 55, the BM layer and
the color resin (not shown) are bent correspondingly to the
second and the third electrodes 521 and 53, so as to be
parallel to each of the steps formed on the wing areas
thereof. In this case, the aperture ratio of the LCD would be
sufficiently improvable.

[0028] Tt is worthy to be mentioned that the novel pixel
structure according to the present invention is further appli-
cable for the conventional vertical alignment (VA) mode
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LCD, including the multi-domain vertical alignment (MVA)
LCD and the patterned vertical alignment (PVA) LCD. In
this case, within the pixel area defined by the interlaced
scanning lines and data lines the pixel electrode on the lower
substrates could be also provided with a stair pattern, so as
to prevent the LC molecules from shifting and conflicting
thereon.

[0029] A further comparison between the respective opti-
cal property of the conventional VA LCD and the improved
VA LCD according to the present invention is shown in
FIGS. 5(a) and 5(b), wherein FIG. 5(a) is a diagram showing
the optical simulation result of the conventional VA LCD
and FIG. 5(b) is a diagram showing the optical simulation
result of the improved VA LCD according to the present
invention.

[0030] As shown in FIG. 5(a), it is apparent that there is
a reverse domain existing in the region nearby the wing of
the biased electrode, i.e. the so-called third electrode in the
present invention. Such reverse domains would further
result in a pressure mura and affect the image quality of the
LCD. It is believed that the reverse domains are generated
from the disclination lines which are caused by the LC
molecules tilting in conflicting directions nearby the wing of
the biased electrode.

[0031] As shown in FIG. 5(b), it is apparent that the
disclination lines nearby the wing of the biased electrode,
the region 1, are sufficiently removed through the designed
stair pattern formed thereon, and hence the reverse domain
is also entirely eliminated therefrom. Furthermore, in com-
parison with the wing region II' as shown in FIG. 5(a), the
improved BBVA LCD according to the present invention is
also advantageous in that the wing area with a stair pattern
results in an enhanced brightness thereof, e.g. the wing
region II as shown in FIG. 5(5). It is believed that the plural
steps of the stair pattern could provide a sufficient force to
make the LC molecules tilt at a designed angle, e.g. 45°
and/or 135° in the mentioned embodiment, which accounts
for the elimination of the disclination lines. Furthermore,
such pixel structure provided in the present invention also
helps a lot in the LC recovery and the improvement in
aperture ratio, so that the image quality, the lightness and the
light transmission efficiency of the LCD are greatly
enhanced, which could be apparently observed from FIGS.
5(a) and 5(b).

[0032] Based on the above, the present invention removes
the disclination of the LC molecules on the wing of the
electrode in the conventional VA LCD including the multi-
domain vertical alignment (MVA) LCD, the patterned ver-
tical alignment (PVA) LCD, and the biased bending vertical
alignment (BBVA) LCD. By introducing the stair pattern in
the pixel electrode of the LCD, the disclination of the LC
molecules is efficiently inhibited without any additional
voltage applying. That is to say that a LCD with high quality
of the image and good ability in light transmission is
obtained. Hence, the present invention not only has novelty
and progressiveness, but also has an industry utility.

[0033] While the invention has been described in terms of
what is presently considered to be the most practical and
preferred embodiments, it is to be understood that the
invention needs not be limited to the disclosed embodi-
ments. On the contrary, it is intended to cover various
modifications and similar arrangements included within the
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spirit and scope of the appended claims which are to be
accorded with the broadest interpretation so as to encompass
all such modifications and similar structures.

What is claimed is:

1. A liquid crystal display device having a first substrate,
a second substrate opposite thereto, a first polarizer with a
first transmission axis, a plurality of pixels defined by a
plurality of first signal lines and a plurality of second signal
lines, and a liquid crystal layer sandwiched between said
first substrate and said second substrate, each of said pixels
comprising:

a first electrode formed on said first substrate;

a second electrode with at least an opening and at least a
stair pattern formed on said second substrate;

wherein said stair pattern is formed on a first side of said
second electrode in a direction substantially parallel to
said first transmission axis.

2. The liquid crystal display according to claim 1, wherein
said first side of said second electrode has a length and said
stair pattern has a number of first steps corresponding to said
length of said first side of said second electrode.

3. The liquid crystal display according to claim 2, wherein
each of said first steps has a first sub-side, a second sub-side
and a first angle therebetween.

4. The liquid crystal display according to claim 3, wherein
said first sub-side has a first length ranged from 1 pum to 20
jum, said second sub-side has a second length ranged from 1
pm to 10 um, and said first angle is ranged from 90° to 180°.

5. The liquid crystal display according to claim 1, wherein
one of said signal lines has a bent pattern corresponding to
said stair pattern.

6. The liquid crystal display according to claim 1, further
having a second polarizer with a second transmission axis
perpendicular to said first transmission axis.

7. The liquid crystal display according to claim 6, wherein
said stair pattern is formed on a second side of said second
electrode in a direction substantially parallel to said second
transmission axis.

8. A liquid crystal display device having a first substrate,
a second substrate opposite thereto, a plurality of pixels
defined by a plurality of first signal lines and a plurality of
second signal lines, and a liquid crystal layer having a
plurality of liquid crystal molecules and sandwiched
between said first substrate and said second substrate, each
of said pixels comprising:

a first electrode formed on said first substrate;

a second electrode with at least an opening and at least a
first stair pattern formed on said second substrate,
wherein said first stair pattern is formed on a first side
of said second electrode so as to prevent the said liquid
crystal molecules from disclinating; and

a third electrode located between said second electrode

and said second substrate.

9. The liquid crystal display according to claim 8, wherein
said third electrode comprises at least a second stair pattern
formed on a specific side thereof.

10. The liquid crystal display according to claim 9,
wherein said first stair pattern of said second electrode and
said second stair pattern of said third electrode are comple-
mentary to each other.
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11. The liquid crystal display according to claim 10,
wherein one of said signal lines has a bent pattern corre-
sponding to said first stair pattern.

12. The liquid crystal display according to claim 8,
wherein one of said signal lines has a bent pattern corre-
sponding to said first stair pattern.

13. The liquid crystal display according to claim 9,
wherein said specific side of said third electrode has a length
and said second stair pattern formed thereon has a number
of second steps corresponding to said length of said specific
side of said third electrode.

14. The liquid crystal display according to claim 13,
wherein each of said second steps has a third sub-side, a
fourth sub-side and a second angle therebetween.

15. The liquid crystal display according to claim 14,
wherein said third sub-side has a third length ranged from 1
pm to 20 um, said fourth sub-side has a fourth length ranged
from 1 um to 10 pm, and said second angle is ranged from
90° to 180°.

16. The liquid crystal display according to claim 14,
wherein said fourth sub-side is parallel to a second side of
said second electrode.

17. The liquid crystal display according to claim 8,
wherein said first side of said second electrode is located
nearby one of said signal lines.

18. A liquid crystal display device having a first substrate,
a second substrate opposite thereto, a plurality of pixels
defined by a plurality of first signal lines and a plurality of
second signal lines, and a liquid crystal layer sandwiched
between said first substrate and said second substrate, each
of said pixels comprising:

a first electrode formed on said first substrate;

a second electrode with at least an opening and at least a
first stair pattern formed on said second substrate,
wherein said first stair pattern is formed on a first side
of said second electrode in a direction substantially
parallel to one of said first signal lines and said second
signal lines.

19. The liquid crystal display according to claim 18,
wherein said first side of said second electrode has a length
and said first stair pattern has a number of first steps
corresponding to said length of said first side of said second
electrode.

20. The liquid crystal display according to claim 19,
wherein each of said first steps has a first sub-side, a second
sub-side and a first angle therebetween.

21. The liquid crystal display according to claim 20,
wherein said first sub-side has a first length ranged from 1
pum to 20 pm, said second sub-side has a second length
ranged from 1 um to 10 um, and the first angle is ranged
from 90° to 180°.

22. The liquid crystal display according to claim 18,
wherein said first side of said second electrode is located
nearby one of said signal lines.

23. The liquid crystal display according to claim 22,
wherein said first stair pattern is further formed on a specific
side of said opening of said second electrode.

24. The liquid crystal display according to claim 18,
wherein said first side of said second electrode is a specific
side of said opening of said second electrode.

25. A liquid crystal display device having a first substrate,
a second substrate opposite thereto, a plurality of pixels
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defined by a plurality of first signal lines and a plurality of
second signal lines, each of said each pixel comprising:

a first electrode formed on said first substrate;

a second electrode with at least an opening and at least a
first stair pattern on a first side thereof formed on said

second substrate; and

a plurality of liquid crystal molecules sandwiched
between said first substrate and said second substrate;
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wherein said first stair pattern of said second electrode has

a first sub-side so that said liquid crystal molecules are
tilted by an electric field applied by said first and
second electrodes in a direction perpendicular thereto.

26. The liquid crystal display according to claim 25,
wherein said first side of said second electrode has a length,
and the number of said first-sides is corresponding thereto.
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