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1
MULTI-DOMAIN LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The invention relates to a multi-domain liquid crystal dis-
play and, more particularly, to a multi-domain liquid crystal
display having both transmissive regions and reflective
regions.

(b) Description of the Related Art

Typically, the display contrast ratio and response speed
offered by a vertically aligned (VA) mode liquid crystal dis-
play (LCD), which uses negative liquid crystal materials and
vertical alignment films, are better than a twisted-nematic
(TN) mode LCD, since liquid crystal molecules are aligned in
a vertical direction when no voltage is applied. Also, it is
known the viewing angle performance of a VA mode LCD is
improved by setting the orientation directions of the liquid
crystal molecules inside each picture element to a plurality of
mutually different directions; that is, forming multiple dis-
tinct domains in the liquid crystal display.

FIG. 1A shows a schematic diagram illustrating a conven-
tional design of a multi-domain vertically aligned liquid crys-
tal display (MVA LCD). Referring to FIG. 1A, atop substrate
102 and a bottom substrate 104 are both provided with pro-
trusions 106 having different inclined surfaces and covered
by vertical alignment films 108. Hence, the liquid crystal
molecules 112 near the inclined surfaces orientate vertically
to the inclined surfaces to have different degrees of pre-tilt
angles. In case the pre-tilt liquid crystal molecules exist,
surrounding liquid crystal molecules 112 are tilted in the
directions of the pre-tilt liquid crystal molecules 112 when a
voltage is applied. Thus, multiple domains each having indi-
vidual orientation direction of liquid crystal molecules 112
are formed. Besides, the domain-regulating structure for pro-
viding inclined surfaces includes, but is not limited to, the
protrusions 106, and other structure such as a via structure
114 shown in FIG. 1B may also be used.

However, when one compares the optical path of light I1
and that of light 12 shown both in FIGS. 1A and 1B, it is
clearly found the tilted liquid crystal molecules through
which the light [2 passes under a field-off state may result in
a non-zero phase difference (.nd.0) to cause light leakage.
Accordingly, additional compensation films must be pro-
vided to eliminate the light leakage.

FIG. 2 shows a schematic diagram illustrating another
conventional design ofan MVA LCD. Referring to FIG. 2, the
transparent electrode 204 on the substrate 202 is provided
with slits 206. Because of the fringe fields produced at edges
of transparent electrode 204 and at each slit 206, the liquid
crystal molecules 208 are tilted toward the center of each slit
206 to result in a multi-domain liquid crystal (LC) cell. How-
ever, the strength of the fringe fields generated by the forma-
tion of the slits 206 is often insufficient, particularly when the
widths and the intervals of the slits 206 are not optimized.
Besides, since the azimuth in which the liquid crystal mol-
ecules tilt due to the fringe fields includes all directions 0360
degrees, a disclination region 210 often appears beyond the
slits 206 or between two adjacent slits 206 to result in a
reduced light transmittance.

Further, though the protrusion 1086, via structure 114, or slit
206 may be provided to create multiple domains, the distri-
bution of these structures in a picture element may reduce the
active display area as well as the aperture ratio of the picture
element.

Moreover, in a transmission type LCD device, a backlight
is used to obtain a bright display independent of surrounding
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environments, and thus the panel brightness is often not suf-
ficient when the device is exposed to direct sunlight. In com-
parison, in a reflection type LCD device, surrounding light is
employed to effect a display, so that the backlight source can
be omitted: however, the reflection type LCD device is largely
deteriorated in visibility in a dark surrounding. Hence, there
has been a strong demand for providing an optimal design of
amulti-domain LCD device having both transmissive regions
and reflective regions to achieve good visibility in any envi-
ronment.

BRIEF SUMMARY OF THE INVENTION

Hence, an object of the invention is to provide a multi-
domain liquid crystal display having both transmissive
regions and reflective regions and capable of solving the
problems of conventional designs

Another object of the invention is to provide a multi-do-
main liquid crystal display having a high pixel aperture ratio.

According to the invention, the multi-domain liquid crystal
display includes a plurality of first and second picture ele-
ments and a plurality of first and second auxiliary electrodes.
The first and second picture elements have opposite polarities
under the same frame of an inversion drive scheme, and each
of the first and second picture elements has a reflective region
and a transmissive region. The first auxiliary electrodes are
connected to the first picture elements, and each of the first
auxiliary electrodes is positioned next to at least one side of
one second picture element to produce fringe fields. The
second auxiliary electrodes are connected to the second pic-
ture elements, and each of the second auxiliary electrodes is
positioned next to at least one side of one first picture element
to produce fringe fields. The auxiliary electrodes may be
made from a Metal 1 layer, a Metal 2 layer, a Metal 3 layer, or
transparent conductive films.

Through the design of the invention, a multi-domain profile
of aliquid crystal cell is easily formed by providing auxiliary
electrodes, which are formed through typical TFT fabrication
processes and have an opposite polarity in relation to adjacent
pixel electrode to produce fringe fields. Hence, compared
with the conventional design where a protrusion or a via
structure is used to cause tilted liquid crystal molecules, the
residue phase difference is eliminated to avoid light leakage
since all liquid crystal molecules are vertically aligned under
a field-off state. Further, compared with another conventional
design where only slits are formed to produce fringe fields,
the biased auxiliary electrode allows for stronger field
strength to tilt liquid crystal molecules so as to reduce the area
of a disclination region and thus increase the light-transmit-
tance of a LC cell having both a transmissive region and a
reflective region. In addition, according to the invention, the
storage capacitor formed in each picture element overlaps
with signal lines or is positioned underneath reflective elec-
trodes to further improve the pixel aperture ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illustra-
tion only, and thus are not limitative of the present invention,
and wherein:

FIG. 1A shows a schematic diagram illustrating a conven-
tional design of a multi-domain vertically aligned liquid crys-
tal display.
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FIG. 1B shows a schematic diagram illustrating another
conventional design of a multi-domain vertically aligned lig-
uid crystal display.

FIG. 2 shows a schematic diagram illustrating another
conventional design of a multi-domain vertically aligned lig-
uid crystal display.

FIGS. 3A and 3B show schematic diagrams illustrating a
multi-domain liquid crystal display according to an embodi-
ment of the invention.

FIGS. 4A and 4B show schematic diagrams illustrating
another embodiment of the invention.

FIG. 5 shows a cross-sectional view of an array substrate
illustrating another embodiment of the invention.

FIG. 6 shows a cross-sectional view of an array substrate
illustrating another embodiment of the invention.

FIG. 7 shows a cross-sectional view of an array substrate
illustrating another embodiment of the invention.

FIG. 8 shows a cross-sectional view of an array substrate
illustrating another embodiment of the invention.

FIG. 9 shows a cross-sectional view of an array substrate
illustrating another embodiment of the invention.

FIG. 10 shows aplan view illustrating another embodiment
of the invention.

FIG. 11 shows aplan view illustrating another embodiment
of the invention.

FIGS. 12 to 15 shows plan views illustrating the design of
separating a picture element into multiple sub picture ele-
ments according to another embodiments of the invention.

FIG. 16 shows aplan view illustrating another embodiment
of the invention.

FIG. 17 shows aplan view illustrating another embodiment
of the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 3A and 3B show schematic diagrams illustrating a
multi-domain liquid crystal display 10 according to an
embodiment of the invention, where FIG. 3A is a top view
observed from the normal direction of an array substrate, and
FIG. 3B is a cross-section taken along line A-A' in FIG. 3A.

Referring to FIG. 3A, aplurality of picture elements 12 that
constitute the multi-domain liquid crystal play 10 are shown.
Herein, the term “picture element” indicates a minimum
addressable unit of a display such as a red (R), green (G), or
blue (B) sub-pixel of a color liquid crystal play. A plurality of
scan lines 14 are arranged extending in the horizontal direc-
tion, and a plurality of data lines 16 are arranged extending in
a vertical direction, with each two scan lines 14 intersected
with two data lines 16 to define a pixel area on which a picture
element 12 is spread. Each picture element 12 includes a
transmissive region 121 and a reflective region 122 (indicated
by hatched lines) and is surrounded by an inter-pixel region
thatinsulates adjacent picture elements from each other. Each
transmissive region 121 is at least partially surrounded by an
auxiliary electrode 18 and a slit 22 to produce fringe fields.

According to the polarity pattern shown in F1G. 3A, under
a row inversion drive scheme, the picture elements 12A and
12B have a positive polarity and the picture element 12C has
anegative polarity. An auxiliary electrode section 18A that is
connected with the picture element 12A to have a positive
polarity is placed in the inter-pixel region on the right side of
the transmissive region 121 of the picture element 12C. Fur-
ther, an auxiliary electrode section 18B that is connected with
the picture element 12B to have a positive polarity is placed in
the inter-pixel region on the left side of the transmissive
region 121 of the picture element 12C. Hence, a voltage
difference exists between the picture element 12C with a

15

20

25

30

35

40

45

60

65

4

negative polarity and the surrounding auxiliary electrode sec-
tions 18A and 18B with a positive polarity to produce fringe
fields, and the liquid crystal molecules with negative dielec-
tric anisotropy are directed to a direction perpendicular to the
slant electric fields. Under the circumstance, the orientations
of liquid crystal molecules within one picture element are
divided into different tilt directions. Besides, since the volt-
age difference also exists between the picture element 12C
(negative polarity) and the picture element 12A (positive
polarity) and a horizontally extending silt 22 is additionally
provided in the bottom side of the transmissive region 121 to
produce fringe fields, the resultant effect may create a four-
domain profile of an LC cell.

FIG. 3B clearly illustrates the laminates in the transmissive
region and in the reflective region according to an embodi-
ment of the invention. The multi-domain liquid crystal dis-
play 10 includes an array substrate 20 and a color filter sub-
strate 30, with a liquid crystal layer 40 having negative
dielectric anisotropy interposed between them where the lig-
uid crystal molecules are vertically aligned without being
applied with a voltage. Further, an additive of chiral dopant
may be added to the liquid crystal layer 40 to adjust the twist
pitch to a desired value so as to reduce the area of a disclina-
tion region. In the color filter substrate 30, a color filter 33 and
acommon electrode 35 are formed on a transparent substrate
31. In the array substrate 20, a Metal 1 layer M1 is deposited
on a transparent substrate 32 and patterned to define common
lines 34 that are electrically connected to the common elec-
trode 35. A dielectric gate insulation layer 36 is formed on the
transparent substrate 32 and covers the Metal 1 layer M1. A
Metal 2 layer M2 is deposited on the gate insulation layer 36
and patterned to define data lines 16 and capacitor electrodes
42. A dielectric passivation layer 44 and a flattened layer 46
are sequentially formed on the gate insulation layer 36 and
cover the Metal 2 layer M2. A transparent conductive film and
aMetal 3 layer M3 are deposited on the flattened layer 46. The
transparent conductive film is patterned to define pixel elec-
trodes 48, and the Metal 3 layer M3 is patterned to define
auxiliary electrodes 18 that are positioned next to each pixel
electrode 48 to produce fringe fields and patterned to define
reflective electrodes 52, with each reflective electrode 52
being spread on part of a pixel area to constitute the reflective
region of a picture element. In this embodiment, the common
lines 34 made from the Metal 1 layer M1 and the capacitor
electrodes 42 made from the Metal 2 layer M2 are overlapped
and insulated from each other by the gate insulation layer 36
to form storage capacitors. Further, the common lines 34 and
capacitor electrodes 42 on the transparent substrate 32 are
both positioned underneath the reflective electrodes 52 to
further improve the pixel aperture ratio. Besides, in this
embodiment, the formation level of the pixel electrodes 48 are
raised due to the flattened layer 46 to allow for more spread
areas and thus to improve the pixel aperture ratio. Each pixel
electrode 48 and surrounding auxiliary electrodes 18 have
opposite polarities to produce fringe fields, and the slit 22
provided between the pixel electrode 48 (transmissive region)
and the reflective electrode 52 (reflective region) also induces
fringe fields.

FIGS. 4A and 4B show schematic diagrams illustrating
another embodiment of the invention. FIG. 4A is a top view
observed from the normal direction of an array substrate, and
FIG. 4B is a cross-section taken along line B-B' in FIG. 4A
where only the array substrate is shown for simplification.
Referring to FIGS. 4A and 4B, the auxiliary electrode 18 has
an additional branch (auxiliary electrode section 18C)
extending into the slit 22 to further enhance the field strength
used to tilt liquid crystal molecules. In that case, auxiliary
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electrode sections 18A and 18C connected with the same
picture element 12A are positioned next to two adjacent sides
of the transmissive region 121, and auxiliary electrode section
18B connected with another picture element 12B is posi-
tioned next to another side of the transmissive region 121.

According to the above embodiments, a multi-domain pro-
file of a LC cell is easily formed by providing auxiliary
electrodes 18, which are formed through typical TFT fabri-
cation processes and have an opposite polarity in relation to
adjacent pixel electrode 48 to produce fringe fields. Hence,
compared with the conventional design where a protrusion or
via structure is used to cause tilted liquid crystal molecules,
the residue phase difference is eliminated to avoid light leak-
age since all liquid crystal molecules are vertically aligned
under a field-off state. Further, compared with another con-
ventional design where only slits are formed to produce fringe
fields, the biased auxiliary electrode allows for stronger field
strength to tilt liquid crystal molecules so as to reduce the area
of a disclination region and thus increase the light-transmit-
tance of a LC cell having both a transmissive region and a
reflective region. In addition, the common lines 34 and the
capacitor electrodes 42 that together form storage capacitors
are both positioned underneath the reflective electrodes 52 to
further improve the pixel aperture ratio.

FIG. 5 shows a cross-sectional view of an array substrate
illustrating another embodiment of the invention. As shown in
FIG. 5, only the flattened layer 46 is formed overlaying the
Metal 2 layer M2 before the formation of the pixel electrodes
48 and the reflective electrodes 52; that is, the passivation
layer 44 shown in 3B is omitted. Further, according to the
design where the passivation layer 44 is omitted, the auxiliary
electrode 18 may also have a branch (auxiliary electrode
section 18C) extending into the slit 22 to further enhance the
field strength used to tilt liquid crystal molecules, as shown in
FIG. 6.

FIG. 7 shows a cross-sectional view of an array substrate
illustrating another embodiment of the invention. As shown in
FIG. 7, a passivation layer 44 is formed on the gate insulation
layer 36 and covers the data lines 16 and capacitor electrodes
42, and, after pixel electrodes 48 are formed on the passiva-
tion layer 44, a dielectric spacer layer 58 is formed overlaying
part of each pixel electrode 48. Then, reflective electrodes 52
are formed only on the dielectric spacer layer 58 to obtain a
dual cell gap liquid crystal cell.

FIG. 8 shows a cross-sectional view of an array substrate
illustrating another embodiment of the invention. Referring
to FIG. 8, a dielectric gate insulation layer 36 is formed on a
transparent substrate 32, and a Metal 2 layer M2 is deposited
on the gate insulation layer 36 and patterned to define data
lines 16. A dielectric passivation layer 44 and a flattened layer
46 are sequentially formed on the gate insulation layer 36 and
cover the Metal 2 layer M2. A Metal 3 layer M3 is deposited
onthe flattened layer 46 and patterned to define common lines
34 and reflective electrodes 52. A dielectric layer 62 are
formed overlaying the common lines 34 and the reflective
electrodes 52, and pixel electrodes 48 and auxiliary elec-
trodes 18 made from transparent conductive films are formed
on the dielectric layer 62. The common lines 34 and the
auxiliary electrodes 18 are overlapped and insulated from
each other by the dielectric layer 62 to form storage capaci-
tors. Further, the common lines 34 also overlap the date lines
16 to further improve the pixel aperture ratio.

FIG. 9 shows a cross-sectional view of an array substrate
illustrating another embodiment of the invention. Referring
to FI1G. 9, adielectric layer 62 are formed overlaying common
lines 34 and pixel electrodes 48, and reflective electrodes 52
and auxiliary electrodes 18 made from a Metal 3 layer M3 are
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6

formed on the dielectric layer 62. In this embodiment, the
common lines 34 are made from transparent conductive films
and overlap the auxiliary electrodes 18 to form storage
capacitors. Further, the common lines 34 also overlap the date
lines 16 to further improve the pixel aperture ratio.

According to the invention, the area and distribution of the
reflective region of a picture element can be arbitrary selected
according to the actual demand. Further, the reflective elec-
trodes 52 are not limited to be made from the Metal 3 layer as
exemplified in the above embodiments. The reflective elec-
trodes 52 may also be made from the Metal 1 layer or Metal
2 layer, as long as the function of reflecting sufficient sur-
rounding light is maintained. Besides, the auxiliary elec-
trodes 18 may be transparent electrodes, as shown in FIG. 10,
or reflective electrodes, as shown in FIG. 11.

FIGS. 12 to 15 shows plan views illustrating the design of
separating a picture element into multiple sub picture ele-
ments according to another embodiments of the invention. As
shown in FIGS. 12 to 15, it can be seen each picture element
is divided into multiple sub picture elements by slits 22 pro-
vided on electrodes, and the auxiliary electrodes 18 may
extend into the slit 22 to enhance the field strength or not.
Besides, each sub picture element can be arbitrary selected as
either the transmissive region or the reflective region, and the
distribution of the auxiliary electrodes 18 and the slits 22 can
be modified as long as sufficient field strength is provided.
Further, in FIGS. 12 to 15, each picture element is exempli-
fied as divided into three sub picture element; however, this is
not limited and the division number can be arbitrary selected
according to the actual demand.

FIG. 16 shows aplan view illustrating another embodiment
of the invention. In this embodiment, the auxiliary electrodes
18 that extend into the slits 22 are made from metallic films or
made from transparent conductive films but covered with a
metallic film to function as a reflecting plate used in a micro-
reflective liquid crystal display.

FIG. 17 shows aplan view illustrating another embodiment
of the invention. In this embodiment, each reflective region is
at least partially surrounded by the auxiliary electrodes. For
example, the reflective region 122 of the picture element 12C
is surrounded by the auxiliary electrodes 18 that are con-
nected with different picture elements 12A and 12B having a
positive polarity to create multiple LC domains in the reflec-
tive region 122.

While the invention has been described by way of
examples and in terms of the preferred embodiments, it is to
be understood that the invention is not limited to the disclosed
embodiments. On the contrary, it is intended to cover various
modifications and similar arrangements as would be apparent
to those skilled in the art. For example, the design of the
invention may be used in both a transflective liquid crystal
display and a micro-reflective liquid crystal display. There-
fore, the scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifica-
tions and similar arrangements.

What is claimed is:

1. A multi-domain liquid crystal display, comprising:

aplurality of first picture elements and a plurality of second
picture elements having opposite polarities under the
same frame of an inversion drive scheme, each of the
first and second picture elements having a reflective
region and a transmissive region;

aplurality of first auxiliary electrodes connected to the first
picture elements, each of the first auxiliary electrodes
being positioned next to at least one side of one second
picture element; and
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a plurality of second auxiliary electrodes connected to the
second picture elements, each of the second auxiliary
electrodes being positioned next to at least one side of
one first picture element.

2. The multi-domain liquid crystal display as claimed in
claim 1, wherein each transmissive region is at least partially
surrounded by the auxiliary electrodes.

3. The multi-domain liquid crystal display as claimed in
claim 1, wherein each reflective region is at least partially
surrounded by the auxiliary electrodes.

4. The multi-domain liquid crystal display as claimed in
claim 1, wherein the first and the second auxiliary electrodes
are transparent electrodes or reflective electrodes.

5. The multi-domain liquid crystal display as claimed in
claim 1, further comprising at least one slit formed between
the reflective region and the transmissive region.

6. The multi-domain liquid crystal display as claimed in
claim 5, wherein at least one auxiliary electrode extends into
the slit.

7. The multi-domain liquid crystal display as claimed in
claim 1, wherein each picture element is divided into multiple
sub picture elements by slits provided on electrodes.

8. The multi-domain liquid crystal display as claimed in
claim 1, wherein each picture element is divided into multiple
sub picture elements by the auxiliary electrodes.

9. A multi-domain liquid crystal display, comprising:

a first and a second transparent substrates facing to each

other;

a liquid crystal layer interposed between the first and the
second transparent substrates;

a common electrode provided on the first transparent sub-
strate;

aMetal 1 layer formed on the second transparent substrate;

a first dielectric layer formed on the second transparent
substrate and covering the Metal 1 layer;

a Metal 2 layer formed on the first dielectric layer;

asecond dielectric layer formed on the first dielectric layer
and covering the Metal 2 layer;

a plurality of pixel electrodes and reflective electrodes
formed on the second substrate; and

a plurality of auxiliary electrodes formed on the second
transparent substrate, wherein each ofthe auxiliary elec-
trodes is positioned next to at least one side of one pixel
electrode or one reflective electrode, and the auxiliary
electrodes have opposite polarities in relation to the
pixel electrodes and the reflective electrodes so as to
produce fringe fields.

10. The multi-domain liquid crystal display as claimed in

claim 9, wherein the first dielectric layer is a gate insulation
layer and the second dielectric layer is a flattened layer.
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11. The multi-domain liquid crystal display as claimed in
claim 9, wherein the first dielectric layer is a gate insulation
layer and the second dielectric layer is a passivation layer.

12. The multi-domain liquid crystal display as claimed in
claim 9, wherein the auxiliary electrodes are made from a
Metal 1 layer, a Metal 2 layer, a Metal 3 layer, or transparent
conductive films.

13. The multi-domain liquid crystal display as claimed in
claim 9, wherein the reflective electrodes are made from a
Metal 1 layer, a Metal 2 layer, or a Metal 3 layer.

14. The multi-domain liquid crystal display as claimed in
claim 9, further comprising a plurality of common lines
formed on the second dielectric layer and electrically con-
nected to the common electrode.

15. The multi-domain liquid crystal display as claimed in
claim 14, wherein the Metal 2 layer is patterned to define
storage electrodes, and the common lines are made from the
Metal 1 layer and overlap the storage electrodes to form
storage capacitors.

16. The multi-domain liquid crystal display as claimed in
claim 15, wherein the storage electrodes and the common
lines are formed underneath the reflective electrodes.

17. The multi-domain liquid crystal display as claimed in
claim 14, wherein the common lines are made from transpar-
ent conductive films and overlap the auxiliary electrodes to
form storage capacitors, and the pixel electrodes are formed
on the second dielectric layer.

18. The multi-domain liquid crystal display as claimed in
claim 17, further comprising a third dielectric layer formed on
the second dielectric layer and covering the common lines
and the pixel electrodes, and the reflective electrodes and the
auxiliary electrodes being formed on the third dielectric layer.

19. The multi-domain liquid crystal display as claimed in
claim 17, wherein the Metal 2 layer is patterned to define a
plurality of signal lines, and the common lines overlap the
signal lines.

20. The multi-domain liquid crystal display as claimed in
claim 14, wherein the common lines are made from the Metal
3 layer and overlap the auxiliary electrodes to form storage
capacitors.

21. The multi-domain liquid crystal display as claimed in
claim 20, further comprising a third dielectric layer formed on
the second dielectric layer and covering the common lines
and the reflective electrodes, and the pixel electrodes and the
auxiliary electrodes being formed on the third dielectric layer.

22. The multi-domain liquid crystal display as claimed in
claim 20, wherein the Metal 2 layer is patterned to define a
plurality of signal lines, and the common lines overlap the
signal lines.
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