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(57) ABSTRACT

An exemplary liquid crystal display (LCD) (200) includes a
first substrate (210); a second substrate (230) opposite to the
first substrate; a liquid crystal layer (250) sandwiched
between the first substrate and the second substrate; a first
common electrode (211), a first insulating layer (212), and
pixel electrodes provided at an inner surface of the first sub-
strate in that order; and second common electrodes (231) and
floating electrodes (233) provided at the second substrate.
The first common electrode and the pixel electrodes, and the
second common electrodes and the floating electrodes,
respectively produce two electric fields in the liquid crystal
layer corresponding to each other. A combined electric field
strength 1s uniformly distributed in the liquid crystal layer, so
that all the liquid crystal molecules can be sufficiently
twisted. Thus a viewing angle, a degree of chroma, and a
transmission ratio of the LCD are improved.
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LIQUID CRYSTAL DISPLAY HAVING
COMMON AND FLOATING ELECTRODES
ON ONE OF SUBSTRATES THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to liquid crystal dis-
plays, and particularly to a liquid crystal display having a
plurality of common and floating electrodes on one of sub-
strates thereof.

GENERAL BACKGROUND

[0002] A liquid crystal display (LCD) utilizes the optical
and electrical anisotropy of liquid crystal molecules to pro-
duce an image. The liquid crystal molecules have a particular
passive orientation when no voltage is applied thereto. How-
ever, in a driven state, the liquid crystal molecules change
their orientation according to the strength and direction of the
driving electric field. A polarization state of incident light
changes when the light transmits through the liquid crystal
molecules, due to the optical anisotropy of the liquid crystal
molecules. The extent of the change depends on the orienta-
tion of the liquid crystal molecules. Thus, by properly con-
trolling the driving electric field, an orientation of the liquid
crystal molecules is changed and a desired image can be
produced.

[0003] The first type of LCD developed was the TN
(twisted nematic) mode LCD. Even though TN mode L.CDs
have been put into use in many applications, they have an
inherent drawback that cannot be eliminated; namely, a very
narrow viewing angle. By adding compensation films on TN
mode LCDs, this problem can be mitigated to some extent.
However, the cost of the TN mode LCD is increased. There-
fore, a totally different driving means called IPS (in-plane
switching) was proposed as early as 1974. Then in 1993,
Hitachi Corporation filed its first US patent application con-
cerning IPS, in which an IPS mode LCD was disclosed. Then
In 2000, an improved driving means called FFS (fringe field
switching) was proposed. The FFS is similar to the IPS except
its first common electrode.

[0004] Referring to FIG. 9, atypical FFS LCD 100 includes
a first substrate 110, a second substrate 130 opposite and
parallel to the first substrate 110, a liquid crystal layer 150
sandwiched between the first and second substrates 110.
[0005] The FFS LCD 100 further includes a common elec-
trode 111 formed at an inner surface of the first substrate 110
facing the liquid crystal layer 150, an insulating layer 112
covering the common electrode 111, a plurality of parallel
pixel electrodes 113 formed on the insulating layer 112, a first
alignment layer 114 covering the pixel electrodes 113, and a
first polarizer 115 formed at an outer surface of the first
substrate 110 far from the liquid crystal layer 150.

[0006] TheFFS LCD 100 further includes a color filter 132
and a second alignment layer 134 disposed between the sec-
ond substrate 130 and the liquid crystal layer 150, in that
order from top to bottom, a second polarizer 135 formed at an
outer surface of the second substrate 130 far from the liquid
crystal layer 150. At least one of the substrates 110, 130 is
made from a transparent material, such as glass. Original
rubbing directions of the alignment layers 114, 134 are par-
allel to each other, and are identical to a polarizing axis of the
polarizer 115. The pixel electrodes 113 and the common
electrode 111 are made of the transparent material selected
from the group consisting of ITO (Indium-Tin Oxide) and
170 (Indium-Zinc Oxide).

[0007] Whenno voltageis applied to the common electrode
and pixel electrodes 111, 113, the long axes of the liquid
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crystal molecules is in the rubbing direction of the alignment
layers. Because the rubbing direction of the alignment layers
114, 134 is the same as the polarizing axis of the polarizer
115, light beams passing through the polarizer 115 can pass
through the liquid crystal layer 150, and polarizing directions
of the light beams do not change. Because the polarizing axes
of the polarizers 115, 135 are perpendicular to each other, the
light beams cannot pass through the polarizer 135, and are
absorbed by the polarizer 135. Thus the FFSLCD 100 is in an
“off” state, and cannot display images.

[0008] As shown in FIG. 10, when a voltage is applied to
the common electrode and pixel electrodes 111, 113, an elec-
tric field 120 is generated between the common electrode and
pixel electrodes 111, 113. A direction of the electric field 120
is parallel to the first substrate 110, and perpendicular to the
pixel electrodes 113 and the common electrode 111. The long
axes of the liquid crystal molecules twist to align in the
direction of the electric field 120. When light beams pass
through the liquid crystal layer 150, the polarization state of
thelight beams is converted to match the polarizing axis of the
polarizer 135. Thus the light beams pass through the polarizer
135 to display images, and the FFS LCD 100 is in an “on”
state.

[0009] However, because the common electrode 111 and
the pixel electrode 113 are both disposed adjacent to the first
substrate 110, and the liquid crystal layer 150 has a certain
thickness, it is difficult for the electric field 120 between the
common electrode and pixel electrodes 111, 113 to grasp
those liquid crystal molecules that are distal from the first
substrate 115. Thus such liquid crystal molecules cannot be
readily or fully twisted to a predetermined angle in the electric
field 120, such that a viewing angle, a degree of chroma, and
a transmission ratio of the FFS LCD 100 are decreased.
[0010] Therefore, anew LCD that can overcomethe above-
described problems is desired.

SUMMARY

[0011] Ina preferred embodiment, a liquid crystal display
includes a first substrate; a second substrate opposite to the
first substrate; a liquid crystal layer sandwiched between the
first substrate and the second substrate; a first common elec-
trode, a first insulating layer, and a plurality of pixel elec-
trodes provided at an inner surface of the first substrate in that
order; and a plurality of second common electrodes and float-
ing electrodes provided at the second substrate.

[0012] Other advantages and novel features will become
more apparent from the following detailed description when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a schematic, side cross-sectional view of
part of an FFS LCD according to a first embodiment of the
present invention, the FFS LCD including pixel electrodes,
common electrode, floating electrodes, and common elec-
trodes.

[0014] FIG. 2 is similar to FIG. 1, but showing the FFS
LCD in an on state.

[0015] FIG. 3 is an enlarged, plan view of the pixel elec-
trodes and the first common electrode of the FFS LCD of FIG.
1.

[0016] FIG. 4 is an enlarged, plan view of the floating
electrodes and the second common electrodes of the FFS
LCD of FIG. 1.

[0017] FIG. 5§ is similar to FIG. 3, but showing a corre-
sponding view in the case of pixel electrodes and a first
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common electrode of an FFS LCD according to a second
embodiment of the present invention.

[0018] FIG. 6 is similar to FIG. 4, but showing a corre-
sponding view in the case of floating electrodes and second
common electrodes of an FFS LCD according to the second
embodiment of the present invention.

[0019] FIG. 7 is similar to FIG. 3, but showing a corre-
sponding view in the case of pixel electrodes and a first
common electrode of an FFS LCD according to a third
embodiment of the present invention.

[0020] FIG. 8 is similar to FIG. 4, but showing a corre-
sponding view in the case of floating electrodes and second
common electrodes of an FFS LCD according to the third
embodiment of the present invention.

[0021] FIG. 9 is a schematic, side cross-sectional view of
part of a conventional FFS LCD.

[0022] FIG. 10 is similar to FIG. 9, but showing the FFS
LCD in an on state.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0023] Referring to FIG. 1 and FIG. 2, an FFS LCD 200
according to a first embodiment of the present invention is
shown. The FFS LCD 200 includes a first substrate 210, a
second substrate 230 opposite and parallel to the first sub-
strate 210, a liquid crystal layer 250 sandwiched between the
first and second substrates 210, 230. The first and second
substrates 210, 230 are made from a transparent material,
such as glass or quartz. The liquid crystal layer 230 includes
a plurality of nematic-type liquid crystal molecules.

[0024] The FFS LCD 100 further includes a first common
electrode 211 formed at an inner surface of the first substrate
210 facing the liquid crystal layer 250, an insulating layer 212
covering the first common electrode 211, a plurality of pixel
electrodes 213 formed on the insulating layer 212, a first
alignment layer 214 covering the pixel electrodes 213, and a
first polarizer 215 formed at an outer surface of the first
substrate 210 far from the liquid crystal layer 250.

[0025] TheFFS LCD 200 further includes a color filter 232
formed on an inner surface of the second substrate 230 facing
the liquid crystal layer 250, a plurality of second common
electrodes 231 and a plurality of floating electrodes 233
formed on the color filter 232, a second alignment layer 234
covering the second common electrodes 231 and the floating
electrodes 233, and a second polarizer 235 formed at an outer
surface of the second substrate 230 far from the liquid crystal
layer 250. The pixel electrodes 213 are configured to receive
a plurality of pixel voltages. The first common electrode 211
and the second common electrodes 231 are configured to
receive a common voltage. The floating electrodes 233 are
electrically floating.

[0026] Referring to FIG. 3 and FIG. 4, the first common
electrode 211 is plane-shaped. The pixel electrodes 213 are
comb-shaped, and include a plurality of striped-shaped first
teeth electrodes extending from a first straight bus line. The
floating electrodes 233 are comb-shaped, and include a plu-
rality of striped-shaped second teeth electrodes extending
from a second straight bus line. The second common elec-
trodes 231 are comb-shaped, and include a plurality of
striped-shaped third teeth electrodes extending from a third
straight bus line. The second common electrodes 231 and the
floating electrodes 233 are alternately arranged in mesh. Each
floating electrode 233 corresponds to a respective pixel elec-
trode 213. Original rubbing directions of the alignment layers
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214, 234 are parallel to each other, and to the same as a
polarizing axis of the first polarizer 215.

[0027] Thepixel electrodes 213, the first common electrode
211, the second common electrodes 231 and the floating
electrodes 233 are made of a transparent material selected
from the group consisting of ITO (Indium-Tin Oxide) and
170 (Indium-Zinc Oxide). The second common electrodes
231 and the floating electrodes 233 are formed in the same
layer by a semiconductor processing.

[0028] As shown in FIG. 2, when the pixel voltages are
applied to the pixel electrodes 213 and the common voltage is
applied to the first common electrode 211, afirst electric field
220 is generated between the pixel electrodes 213 and the first
common electrode 211. Thus a plurality of electric charges
are induce to be generated at a surface of the floating elec-
trodes 233 located in the first electric field 220. Thus a second
electric field 240 is generated between the floating electrodes
233 and the second common electrodes 231. The first and
second electric fields 220, 240 are substantially parallel to the
first and second substrates 210, 230. Because the liquid crys-
tal molecules have anisotropic properties, they are controlled
by the first and second electric fields 220, 240, so that direc-
tions of long axes of the liquid crystal molecules conform to
directions of the electric fields 220, 240. Those liquid crystal
molecules distal from the first substrate 210 are driven more
strongly by the electric field 240 produced by the floating
electrodes 233 and the second common electrodes 231, and
are driven relatively weakly by the electric field 220 produced
by the pixel electrodes 213 and the first common electrode
211. Those liquid crystal molecules distal from the second
substrate 230 are driven more strongly by the electric field
220 produced by pixel electrodes 213 and the first common
electrode 211, and are driven relatively weakly by the electric
field 240 produced by the floating electrodes 233 and the
second common electrodes 231. That is, overall, the liquid
crystal molecules of the liquid crystal layer 250 distributed
along any given path normal to the first substrate 210 and the
second substrate 230 are driven equally by the two electric
fields 220, 240 acting cooperatively.

[0029] Insummary, the pixel electrodes 213, the first com-
mon electrode 211, the second common electrodes 231 and
the floating electrodes 233, produce two electric fields 220,
240 in the liquid crystal layer 250 corresponding to each
other. A combined electric field strength is uniformly distrib-
uted in the liquid crystal layer 250, so that all the liquid crystal
molecules can be sufficiently twisted. In particular, all the
liquid crystal molecules in each of pixel regions defined by
the electrodes 211, 213, 231, 233 can be sufficiently and
uniformly twisted. That is, even those liquid crystal mol-
ecules distal from either of the substrates 210, 230 can be
grasped by the combined electric fields 220, 240 produced by
the electrodes 211, 213, 231, 233 and twisted to a predeter-
mined angle. Thus a viewing angle, a degree of chroma, and
a transmission ratio of the LCD 200 are improved.

[0030] FIG. 5 shows pixel electrodes 313 of an LCD
according to a second embodiment of the present invention.
The pixel electrodes 313 are comb-shaped, and include a
plurality of wavy-shaped teeth electrodes extending from a
straight bus line.

[0031] FIG. 6 shows floating electrodes 333 and second
common electrodes 331 of an LCD according to a second
embodiment of the present invention. The floating electrodes
333 and the second common electrodes 331 are comb-shaped,
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and include a plurality of wavy-shaped teeth electrodes
extending from a straight bus line.

[0032] FIG. 7 shows pixel electrodes 413 of an LCD
according to a third embodiment of the present invention. The
pixel electrodes 413 are comb-shaped, and include a plurality
of rectilinearly bent or generally zigzag-shaped teeth elec-
trodes extending from a straight bus line.

[0033] FIG. 8 shows floating electrodes 433 and second
common electrodes 431 of an LCD according to a third
embodiment of the present invention. The floating electrodes
433 and the second common electrodes 431 are comb-shaped,
and include a plurality of rectilinearly bent or generally zig-
zag-shaped teeth electrodes extending from a straight bus
line.

[0034] In an alternative embodiment, the second common
electrodes 231 are plane-shaped, and are insulated from the
pixel electrodes 233 by a second insulating layer sandwiched
therebetween. The liquid crystal layer 230 can includes a
plurality of liquid crystal molecules having negative dielec-
tric anisotropy, and rubbing directions of the first and second
alignment layer 214, 234 need to be adjusted according to that
the liquid crystal molecules.

[0035] Ttisbelieved that the present embodiments and their
advantages will be understood from the foregoing descrip-
tion, and it will be apparent that various changes may be made
thereto without departing from the spirit and scope of the
invention or sacrificing all of its material advantages, the
examples hereinbefore described merely being preferred or
exemplary embodiments of the invention.

What is claimed is:

1. A liquid crystal display comprising:

a first substrate;

a second substrate opposite to the first substrate;

a liquid crystal layer sandwiched between the first sub-
strate and the second substrate;

a first common electrode, a plurality of pixel electrodes,
and a first insulating layer sandwiched therebetween
provided at an inner surface of the first substrate; and

aplurality of second common electrodes and floating elec-
trodes provided at the second substrate.

2. The liquid crystal display as claimed in claim 1, wherein
each pixel electrode corresponds to a respective floating elec-
trode, the second common electrodes and the floating elec-
trodes are formed in the same layer.

3. The liquid crystal display as claimed in claim 2, wherein
a first electric field substantially parallel to the first and sec-
ond substrates is generated between the pixel electrode and
the first common electrode, a second electric field substan-
tially parallel to the first and second substrates is induced to be
generated between the second common electrodes and the
floating electrodes by the first electric field.

4. The liquid crystal display as claimed in claim 2, wherein
the pixel electrodes are comb-shaped.

5. The liquid crystal display as claimed in claim 4, wherein
the pixel electrodes include a plurality of striped-shaped first
teeth electrodes extending from a straight bus line.

6. The liquid crystal display as claimed in claim 4, wherein
the pixel electrodes include a plurality of wavy-shaped first
teeth electrodes extending from a straight bus line.

7. The liquid crystal display as claimed in claim 4, wherein
the pixel electrodes include a plurality of rectilinearly bent or
generally zigzag-shaped first teeth electrodes extending from
a straight bus line.
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8. The liquid crystal display as claimed in claim 4, wherein
the floating electrodes are comb-shaped corresponding to the
pixel electrodes.

9. The liquid crystal display as claimed in claim 8, wherein
floating electrodes include a plurality of striped-shaped sec-
ond teeth electrodes extending from a straight bus line.

10. The liquid crystal display as claimed in claim 8§,
wherein floating electrodes include a plurality of wavy-
shaped second teeth electrodes extending from a straight bus
line.

11. The liquid crystal display as claimed in claim 8,
wherein floating electrodes include a plurality of rectilinearly
bent or generally zigzag-shaped second teeth electrodes
extending from a straight bus line.

12. The liquid crystal display as claimed in claim 8,
wherein the second common electrodes are comb-shaped
corresponding to the floating electrodes, the second common
electrodes and the floating electrodes being alternately
arranged and gnawing to each other.

13. The liquid crystal display as claimed in claim 12,
wherein the second common electrodes include a plurality of
striped-shaped third teeth electrodes extending from a
straight bus line.

14. The liquid crystal display as claimed in claim 12,
wherein second common electrodes include a plurality of
wavy-shaped third teeth electrodes extending from a straight
bus line.

15. The liquid crystal display as claimed in claim 12,
wherein second common electrodes include a plurality of
rectilinearly bent or generally zigzag-shaped third teeth elec-
trodes extending from a straight bus line.

16. The liquid crystal display as claimed in claim 1,
wherein the pixel electrodes, the first common electrode, the
second common electrodes and the floating electrodes are
made of the transparent material selected from the group
consisting of ITO (Indium-Tin Oxide) and IZO (Indium-Zinc
Oxide).

17. The liquid crystal display as claimed in claim 1, further
comprising a first alignment layer formed on the first sub-
strate facing the liquid crystal layer, a second alignment layer
formed on the second substrate facing the liquid crystal layer.

18. The liquid crystal display as claimed in claim 1, further
comprising a color filter on an inner surface of the second
substrate, the floating electrodes and the second common
electrodes are disposed on an inner surface of the color filter.

19. The liquid crystal display as claimed in claim 1,
wherein the second common electrodes are plane-shaped,
and being insulating from the floating electrodes by an second
insulating layer sandwiched therebetween.

20. A Tliquid crystal display comprising:

a first substrate;

a second substrate opposite to the first substrate;

a liquid crystal layer sandwiched between the first sub-

strate and the second substrate;

a first common electrode and a plurality of pixel electrodes
configured for generating a first electric field substan-
tially parallel to the first and second substrates;

a plurality of second common electrodes and floating elec-
trodes configured for generating a second electric field
substantially parallel to the first and second substrates,
the second electric field being induced to be generated
by the first electric field.
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