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100

A transflective type fringe fleld switching liquid crystal
display (100), includes a first and a second substrates (110,
120) facing each other, a liquid crystal layer (130) contained
between the first and second substrates, a plurality of gate
lines (121) and a plurality of data lines (122) associated with
the first substrate, thereby defining a plurality of pixel
regions. Each pixel region includes a transmissive region
and a reflective region, a counter electrode (111) and a
plurality of pixel electrodes (112) overlying the counter
electrode are arranged on each pixel region in order to form
one or more fringe electric fields, and each of the pixel
electrodes has a bent portion. In each pixel region of the FFS
LCD, an electric field in at least two directions is generated
between the pixel and counter electrodes so as to form at
least two domains. Accordingly, the FFS LCD has a high
quality, reliable display.
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MULTI-DOMAIN TRANSFLECTIVE TYPE FRINGE
FIELD SWITCHING LIQUID CRYSTAL DISPLAY

FIELD OF THE INVENTION

[0001] The present invention relates to liquid crystal dis-
plays (LCDs), and more particularly to a multi-domain
transflective type fringe field switching (FFS) LCD.

BACKGROUND

[0002] An LCD utilizes the optical and electrical anisot-
ropy of liquid crystal molecules thereof in order to produce
an image. The liquid crystal molecules have a particular
passive orientation when no voltage is applied thereto.
However, when a voltage is applied and the LCD is in a
driven state, the liquid crystal molecules change their ori-
entation 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 orien-
tation of the liquid crystal molecules. Thus, by properly
controlling the driving electric field, an orientation of the
liquid crystal molecules is changed and a desired image can
be produced.

[0003] The twisted nematic (TN) mode LCD was the first
main type of LCD developed. Even though TN mode LCDs
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.
Therefore, an LCD with a totally different driving means has
been developed. The LCD is called a fringe field switching
(FFS) LCD. The FFS LCD has pixel and counter electrodes
usually arranged on two different layers of a same substrate.
The distance between the electrodes is narrow, in order to
form a fringe electric field about the electrodes.

[0004] Usually an LCD needs a planar light source, such
as a backlight module, to display images. This kind of LCD
is called a transmissive type LCD. In general, the backlight
module is the main power consuming component of the
transmissive type LCD. In order to reduce power consump-
tion, reflective type LCDs have been developed. A reflective
type LCD generally utilizes natural ambient light beams to
provide a planar light source. Importantly, the reflective type
LCD cannot operate without some kind of external light
source. In order to overcome the drawbacks of the two
above-described types of LCDs, a transflective type LCD
that can operate as both a reflective type LCD and a
transmissive type LCD has been developed.

[0005] FIG. 8 shows a schematic, side cross-sectional
view of part of a conventional FFS LCD. The FFS LCD 1
includes a lower substrate 10, an upper substrate 20 facing
the lower substrate 10, and a liquid crystal layer 30 inter-
posed between the substrates 10, 20.

[0006] A counter electrode 11, an isolating layer 13, a
plurality of parallel pixel electrodes 12, and a lower align-
ment layer 14 are sequentially arranged on an inner surface
of the lower substrate 10. A lower polarizer 15 is arranged
on an outer surface of the lower substrate 10.

[0007] A color filter 17 and an upper alignment layer 18
are sequentially arranged on an inner surface of the upper
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substrate 20. An upper polarizer 19 is arranged on an outer
surface of the upper substrate 20.

[0008] When a voltage is applied to the FFS LCD 1, the
FFS LCD 1 is in a driven state. The pixel electrodes 12 and
the counter electrode 11 form a fringe electric field to drive
liquid crystal molecules 16 of the liquid crystal layer 30, and
to thus make the LCD 1 display desired images.

[0009] Also referring to FIG. 9, a schematic, cross-sec-
tional top view of pixel electrodes 12 of the FFS LCD 1 is
shown. A gate line 21 and a data line 22 are arranged on the
lower substrate 10, and cross each other. A thin film tran-
sistor (TFT) 23 is disposed in the vicinity of the crossing of
the gate line 21 and the data line 22. The pixel electrodes 12
connect to the TFT 23. Each pixel electrode 12 is a linear
electrode that is aligned along a single direction.

[0010] In summary, the FFS LCD 1 is a conventional
single-domain FFS LCD. When a voltage is applied between
the pixel and counter electrodes 12 and 11, a single-domain
electric field is established between the pixel and counter
electrodes 12 and 11. The liquid crystal molecules 16 are
twisted so as to align according to the electric field. That is,
long axes of the liquid crystal molecules 16 are oriented in
a single direction only. This means that an associated display
screen exhibits color shift when the display screen is
obliquely viewed while displaying white.

[0011] What is needed, therefore, is a transflective type
FFS LCD which has more than a single domain.

SUMMARY

[0012] In a preferred embodiment of the multi-domain
transflective type FFS LCD includes a first and a second
substrates facing each other, a liquid crystal layer contained
between the first and second substrates, a plurality of gate
lines and a plurality of data lines associated with the first
substrate, thereby defining a plurality of pixel regions. Each
pixel region includes a transmissive region and a reflective
region; a counter electrode and a plurality of pixel electrodes
overlying the counter electrode are disposed on each pixel
region in order to form one or more fringe electric fields, and
each of the pixel electrodes has a bent portion.

[0013] Ina second embodiment of the multi-domain trans-
flective type FFS LCD includes a first and a second sub-
strates facing each other, a liquid crystal layer contained
between the first and second substrates, a plurality of gate
lines and a plurality of data lines associated with the first
substrate, thereby defining a plurality of pixel regions. Each
pixel region includes a transmissive region and a reflective
region; a counter electrode and a plurality of pixel electrodes
overlying with the counter electrode are disposed on each
pixel region in order to form at least one fringe electric field,
at least one of the pixel electrodes in each pixel region has
a bent portion in order to establish an electric field in at least
two directions between the pixel electrodes and the counter
electrode in the pixel region.

[0014] Thus, in each pixel region of the FFS LCD, an
electric field in at least two directions is generated between
the pixel and counter electrodes so as to form at least two
domains. Accordingly, the FFS LCD has a high quality,
reliable display.

[0015] Other objects, advantages, and novel features will
become more apparent from the following detailed descrip-
tion when taken in conjunction with the accompanying
drawings, in which:
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a schematic, side cross-sectional view of
part of an FFS LCD according to a first embodiment of the
present invention;

[0017] FIG. 2 is a schematic, cross-sectional top elevation
of parts of a pixel region of the FFS LCD of FIG. 1, showing
a configuration of pixel electrodes;

[0018] FIG. 3 is an enlarged view of a circled portion III
of FIG. 2;

[0019] FIG. 4 is a schematic, side cross-sectional view of
part of an FFS LCD according to a second embodiment of
the present invention;

[0020] FIG. 5 is a schematic, cross-sectional top elevation
of parts of a pixel region of the FFS LCD of FIG. 4, showing
a configuration of pixel electrodes;

[0021] FIG. 6 is an enlarged view of a circled portion VI
of FIG. 5;

[0022] FIG. 7 is a schematic, side cross-sectional view of
part of an FFS LCD according to a third embodiment of the
present invention,

[0023] FIG. 8 is a schematic, side cross-sectional view of
part of a conventional FFS LCD; and

[0024] FIG.9 is a schematic, cross-sectional top elevation
of parts of a pixel region of the FFS LCD of FIG. 8, showing
a configuration of a pixel electrode.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0025] Referring to FIG. 1, an FFS LCD 100 according to
a first embodiment of the present invention includes a lower
substrate 110, an upper substrate 120 facing the lower
substrate 110, and a liquid crystal layer 130 interposed
between the lower and upper substrates 110, 120.

[0026] A counter electrode 111, an isolating layer 113, a
plurality of pixel electrodes 112, and a lower alignment layer
114 are sequentially arranged on an inner surface of the
lower substrate 110. A lower polarizer 115 is arranged on an
outer surface of the lower substrate 110. The counter elec-
trode 111 includes a transmissive portion 1112 and a reflec-
tive portion 1111. The transmissive portion 1112 has a
transmissive display function, and the reflective portion 1111
has a reflective display function. Thus a pixel region is
divided into a transmissive region and a reflective region.

[0027] A color filter layer 117 and an upper alignment
layer 118 are sequentially arranged on an inner surface of the
upper substrate 120. An upper polarizer 119 is arranged on
an outer surface of the upper substrate 120. An overcoat
layer 140 is interposed between the color filter layer 117 and
the upper alignment layer 118 in the reflective region. Thus,
a thickness of the liquid crystal layer 130 in the reflective
region is less than a thickness of the liquid crystal layer 130
in the transmissive region.

[0028] Referring to FIG. 2 and FIG. 3, a gate line 121 and
a data line 122 cross each other and define the pixel region.
A thin film transistor (TFT) 123 is disposed in the vicinity
of the crossing of the gate line 121 and the data line 122. The
pixel electrodes 112 connect to the TFT 123. Each pixel
electrode 112 has a generally zigzagged configuration, with

Nov. 16, 2006

the pixel electrodes 112 being parallel to each other. The data
line 122 may also have a zigzagged configuration, whereby
the data line 122 is parallel to the pixel electrodes 112.

[0029] When a voltage is applied to the FFS LCD 100, the
FFS LCD 100 is in an on state. A fringe electric field
distributing in at least two directions 1s generated between
the pixel electrodes 112 and the counter electrode 111 so as
to form at least two domains. Liquid crystal molecules 116
are twisted so as to align according to the fringe electric
field. That is, long axes of the liquid crystal molecules 116
are oriented in at least two directions. Accordingly, the FFS
LCD 100 has a high quality, reliable display.

[0030] Referring to FIG. 4, an FFS LCD 200 according to
a second embodiment of the present invention includes a
lower substrate 210, an upper substrate 220 facing the lower
substrate 210, and a liquid crystal layer 230 interposed
between the lower and upper substrates 210, 220.

[0031] A counter electrode 211, an isolating layer 213, a
plurality of pixel electrodes 212, and a lower alignment layer
214 are sequentially arranged on an inner surface of the
lower substrate 210. A lower polarizer 215 is arranged on an
outer surface of the lower substrate 210. The counter elec-
trode 211 is made of a transmissive material, so that it
constitutes a transmissive electrode and has a transmissive
display function. The pixel electrodes 212 are made of a
reflective material, so that they constitute reflective elec-
trodes and have a reflective display function. Thus a pixel
region is divided into transmissive regions and reflective
regions.

[0032] A color filter layer 217 and an upper alignment
layer 218 are sequentially arranged on an inner surface of the
upper substrate 220. An upper polarizer 219 is arranged on
an outer surface of the upper substrate 220. An overcoat
layer 240 is interposed between the color filter layer 217 and
the upper alignment layer 218 in the reflective regions. Thus,
a thickness of the liquid crystal layer 230 in the reflective
regions is less than a thickness of the liquid crystal layer 230
in the transmissive regions.

[0033] Referring to FIG. 5§ and FIG. 6, a gate line 221 and
a data line 222 cross each other and define the pixel region.
A TFT 223 is disposed in the vicinity of the crossing of the
gate line 221 and the data line 222. The pixel electrodes 212
connect to the TFT 223. Fach pixel electrode 212 has a
wave-shaped configuration, with the pixel electrodes 212
being parallel to each other. The data line 222 may also have
a wave-shaped configuration, whereby the data line 222 is
parallel to the pixel electrodes 212.

[0034] When a voltage is applied to the FFS LCD 200, the
FFS LCD 200 is in an on state. A fringe electric field
distributing in multi-directions is generated between the
pixel electrodes 212 and the counter electrode 211 so as to
form multi-domains. Liquid crystal molecules 216 are
twisted so as to align according to the fringe electric field.
That is, long axes of the liquid crystal molecules 216 are
oriented in multi directions. Accordingly, the FFS LCD 200
has a high quality, reliable display.

[0035] Referring to FIG. 7, an FFS LCD 300 according to
a third embodiment of the present invention is similar to the
FFS LCD 100 of the first embodiment. However, in the FFS
LCD 300, a counter electrode 311 is made of a transmissive
material so that it constitutes a transmissive electrode, and a
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transflector 319 is interposed between a lower substrate 310
and the counter electrode 311. The transflector 319 includes
a transmissive portion 3192 and a reflective portion 3191.
The transmissive portion 3192 has a transmissive display
function, and the reflective portion 3191 has a reflective
display function. Thus a pixel region is divided into a
transmissive region and a reflective region.

[0036] Insummary, all the above-described configurations
of an FFS LCD provide the following structure, function and
advantages. In each pixel region, an electric field in at least
two directions is generated between the pixel and counter
electrodes so as to form at least two domains. Accordingly,
the FFS LCD has a high quality, reliable display.

[0037] Tt is to be understood, however, that even though
numerous characteristics and advantages of embodiments of
the present invention have been set forth in the foregoing
description, together with details of the structure and func-
tion of the embodiments, the disclosure is illustrative only,
and changes may be made in detail to the full extent
indicated by the broad general meaning of the terms in
which the appended claims are expressed.

What is claimed is:
1. A transflective type fringe field switching liquid crystal
display, comprising:

a first and a second substrates facing each other;

a liquid crystal layer contained between the first and
second substrates;

a plurality of gate lines and a plurality of data lines
associated with the first substrate, thereby defining a
plurality of pixel regions, each pixel region comprising
a transmissive region and a reflective region; and

a counter electrode and a plurality of pixel electrodes
overlying the counter electrode disposed in the pixel
regions in order to form one or more fringe electric
fields, each of the pixel electrodes having a bent
portion.

2. The transflective type fringe field switching liquid
crystal display as claimed in claim 1, wherein the bent
portion of each of the pixel electrodes has a generally
zigzagged configuration.

3. The transflective type fringe field switching liquid
crystal display as claimed in claim 1, wherein the bent
portion of each of the pixel electrodes is wave-shaped.

4. The transflective type fringe field switching liquid
crystal display as claimed in claim 1, further comprising an
isolating layer disposed between the counter and pixel
electrodes.

5. The transflective type fringe field switching liquid
crystal display as claimed in claim 4, wherein the counter
electrode defines a transmissive portion and a reflective
portion in each pixel region, the transmissive portion and the
reflective portion respectively corresponding to the trans-
missive region and the reflective region.

6. The transflective type fringe field switching liquid
crystal display as claimed in claim 5, further comprising an
overcoat layer disposing at an inner surface of the second
substrate corresponding to the reflective region in each pixel
region.
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7. The transflective type fringe field switching liquid
crystal display as claimed in claim 4, wherein the pixel
electrodes are reflective electrodes and the counter electrode
is a transmissive electrode.

8. The transflective type fringe field switching liquid
crystal display as claimed in claim 7, further comprising an
overcoat layer disposing at an inner surface of the second
substrate corresponding to the reflective electrodes in each
pixel region.

9. The transflective type fringe field switching liquid
crystal display as claimed in claim 4, further comprising a
transflector defining transmissive portions and reflective
portions disposing between the counter electrode and the
first substrate, and wherein the counter electrode constitutes
a transmissive electrode.

10. The transflective type fringe field switching liquid
crystal display as claimed in claim 9, further comprising an
overcoat layer disposing at an inner surface of the second
substrate corresponding to the reflective portions of each
pixel region.

11. The transflective type fringe field switching liquid
crystal display as claimed in claim 1, further comprising a
color filter layer and an upper alignment layer disposed at an
inner surface of the second substrate.

12. The transflective type fringe field switching liquid
crystal display as claimed in claim 11, further comprising an
overcoat layer disposing between the color filter layer and
the upper alignment layer in locations corresponding to the
reflective regions.

13. The transflective type fringe field switching liquid
crystal display as claimed in claim 12, wherein a thickness
of the liquid crystal layer corresponding to the reflective
regions is less than a thickness of the liquid crystal layer
corresponding to the transmissive regions.

14. A transflective type fringe field switching liquid
crystal display, comprising:

a first and a second substrates facing each other;

a liquid crystal layer contained between the first and
second substrates;

a plurality of gate lines and a plurality of data lines
associated with the first substrate, thereby defining a
plurality of pixel regions, each pixel region comprising
a transmissive region and a reflective region; and

a counter electrode and a plurality of pixel electrodes
overlying the counter electrode disposing in the pixel
regions in order to form at least one fringe electric field,
at least one of the pixel electrodes in each pixel region
having a bent portion in order to establish an electric
field in at least two directions between the pixel elec-
trodes and the counter electrode in the pixel region.

15. The transflective type fringe field switching liquid
crystal display as claimed in claim 14, wherein liquid crystal
molecules in the liquid crystal layer can be simultaneously
twisted in at least two different directions in each pixel
region.

16. The transflective type fringe field switching liquid
crystal display as claimed in claim 14, wherein the bent
portion of each of the pixel electrodes has a generally
zigzagged configuration.

17. The transflective type fringe field switching liquid
crystal display as claimed in claim 14, wherein the bent
portion of each of the pixel electrodes is wave-shaped.
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18. The transflective type fringe field switching liquid
crystal display as claimed in claim 14, wherein the counter
electrode defines a transmissive portion and a reflective
portion in each pixel region, the transmissive portion and the
reflective portion respectively corresponding to the trans-
missive region and the reflective region.

19. The transflective type fringe field switching liquid
crystal display as claimed in claim 14, wherein the pixel
electrodes are reflective electrodes and the counter electrode
is a transmissive electrode.

20. The transflective type fringe field switching liquid
crystal display as claimed in claim 14, further comprising a
transflector defining a transmissive portion and a reflective
portion disposed between the counter electrode and the first
substrate, and wherein the counter electrode constitutes a
transmissive electrode.
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21. The transflective type fringe field switching liquid
crystal display as claimed in claim 14, further comprising a
color filter layer, an overcoat layer and an upper alignment
layer disposed at an inner surface of the second substrate,
and the overcoat layer is disposed between the color filter
layer and the upper alignment layer in locations correspond-
ing to the reflective regions.

22. The transflective type fringe field switching liquid
crystal display as claimed in claim 21, wherein a thickness
of the liquid crystal layer corresponding to the reflective
regions 1is less than a thickness of the liquid crystal layer
corresponding to the transmissive regions.
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