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A multi-domain vertical alignment liquid crystal display,
having a substrate with a color filter, a liquid crystal layer
and a thin-film transistor array substrate. The thin-film
transistor array substrate has an array of thin-film transistors
and pixel electrodes. The pixel electrodes have a plurality of
protrusions and slits, and a dielectric layer with a planarized
surface covering the pixel electrodes. Therefore, the dielec-
tric layer on the protrusion is thinner. Or alternatively, the
protrusions are exposed. The exposed protrusions being
alternately arranged with the slits and the dielectric layer
result in a planarization effect, and have the function of
twisting the electric field generated by the pixel electrodes.
The liquid crystal molecules are thus inclined towards
different directions to divide the liquid crystal layer of the
same pixel electrode into multi-domains.
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MULTI-DOMAIN VERTICAL ALIGNMENT LIQUID
CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 90123278, filed Sep. 21, 2001.

BACKGROUND OF THE INVENTION 1. Field
of the Invention

[0002] The invention relates in general to a liquid crystal
display (LCD), and more particularly, to a multi-domain
vertical alignment (MVA) liquid crystal display. 2. Descrip-
tion of the Related Art

[0003] Currently, the development of liquid crystal display
is directed towards a large display quantity, a high bright-
ness, a high contrast, a large viewing angle, a large arca and
a full color display. To resolve the problem of viewing angle,
the displaying liquid crystal area of the liquid crystal display
is divided into multiple domains, so that liquid crystal
molecules are inclined towards different angles to increase
the viewing angle of the liquid crystal display.

[0004] In the conventional multi-domain vertical align-
ment liquid crystal display, a thin-film transistor (TFT) array
substrate and a substrate having a color filter are provided.
A lower polarization plate and an upper polarization plate
are provided under the TFT array substrate and on the
substrate having a color filter, respectively. The upper and
lower polarization plates allow only a vertical straight
polarized light to pass. A liquid crystal layer is disposed
between the upper and lower polarization plates. The direc-
tion of the long axis of the liquid crystal layer is vertical to
the TFT array substrate and the substrate having the color
filter. The long axis of the liquid crystal layer is parallel to
the electric field, so that the rotation speed of the molecules
is slow at the beginning of the rotation. When the direction
of the long axis becomes vertical to the electric field, the
rotation speed of the molecules is faster. Therefore, a pre-tilt
angle is required control the aligning direction of the liquid
crystal, so as to precisely control the inclining direction of
the liquid crystal molecules. A commonly seen technique is
forming slits and protrusions on two surfaces of the TFT
array substrate and the substrate having the color filter.

[0005] Referring to FIG. 1, a conventional MAVLCD is
shown. Pixel electrodes 101 and slits 102 are formed on a
TFT array substrate 100, while the substrate having the color
filter 104 has pixel electrodes 105, which includes a protru-
sion 106. After packaging the TFT array substrate 100 and
the substrate having the color filter 104, there is a protrusion
106 on the TFT array substrate 100 between two slits 102.
That is, the slits 102 and the protrusion 106 are alternately
arranged without being positioned in the same vertical line.
By applying a voltage, the liquid crystal molecules between
the substrates 100 and 104 are inclined towards the same
direction due to formation of the protrusion 106 and the slits
102.

[0006] Referring to FIG. 2, another conventional MAV-
LCD is shown. A TFT array substrate 200 having pixel
electrodes 201 and slits 2024 is provided. A substrate having
a color filter 204 with pixel electrodes 205 and a slit 2025 is
also provided. After packaging the substrates 200 and 204,
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the slit 2025 is between the slits 2024. That is, the slits 202a
and the slit 202b are alternately arranged without being
positioned in the same vertical line. By applying a voltage,
the liquid crystal molecules between the substrates 200 and

204 are inclined towards a predetermined direction depen-
dent to the slits 202a and 202b.

[0007] The conventional MVALCD uses slits or a combi-
nation of slits and protrusions to process surfaces of the TFT
array substrate and the substrate having a color filter. The
fabrication cost is high.

[0008] In addition, the misalignment of the slit and pro-
trusion may occur while packaging the substrates. The
quality of the liquid crystal display is seriously affected.

SUMMARY OF THE INVENTION

[0009] The present invention provides a multi-domain
vertical array liquid crystal display, on which protrusions
and slits are formed on the thin-film transistor array only.
Therefore, the alignment of slits and protrusions on two
substrates is not required. The quality of the liquid display
is not affected by misalignment.

[0010] The multi-domain vertical array liquid crystal dis-
play further has a dielectric layer formed to cover the
protrusions and slits. The dielectric layer on the protrusions
is thinner, or alternatively, the pixel electrodes on the
protrusions are exposed, so that the thin-film transistor array
substrate is flat, and liquid crystal molecules are divided into
multiple domains to display.

[0011] Accordingly, the present invention provides a
multi-domain vertical array liquid crystal display, including
a substrate having a color filter, a liquid crystal layer and a
thin-film transistor array substrate. The thin-film transistor
array substrate has thin-film transistors and pixel electrodes
arranged in an array. The pixel electrode has a plurality of
protrusions and slits thereon. A dielectric layer with a flat top
surface is formed to cover the pixel electrodes, such that the
dielectric layer on the protrusions is thinner than other
positions. Or alternatively, the surfaces of the pixel elec-
trodes on the protrusions are exposed. Since the dielectric
layer on the protrusions is thinner, or the pixel electrodes on
the protrusions are exposed, the electric potential on the
protrusion is higher than that on other positions. By alter-
nately arranging the protrusions and the slits and the for-
mation of the dielectric layer, the pixel electrodes are
planarized. Further, the electric field generated by the pixel
electrodes is twisted, so that the liquid crystal molecules are
inclined towards different directions. The liquid crystal layer
on the same pixel electrode is divided into multiple domains
to form the multi-domain vertical array liquid crystal dis-

play.

[0012] Both the foregoing general description and the
following detailed description are exemplary and explana-
tory only and are not restrictive of the invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 shows a conventional multi-domain vertical
array liquid crystal display;

[0014] FIG. 2 shows another conventional multi-domain
vertical array liquid crystal display;
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[0015] FIG. 3A to FIG. 3E show the fabrication process
for forming a thin-film transistor array substrate in one
embodiment of the present invention;

[0016] FIGS. 4 shows a top view of pixels in a multi-
domain vertical array liquid crystal display in one embodi-
ment of the present invention;

[0017] FIG. 5 shows cross sectional view cutting along
the line A-A in FIG. 4;

[0018] FIG. 6 shows the assembly of two pixels of the thin
film transistor array in one embodiment of the invention;

[0019] FIG. 7 shows the long axis distribution and the
transmittance of the liquid crystal molecules on the protru-
sions and the slits in one embodiment of the invention; and

[0020] FIG. 8 shows the long axis distribution and the
electric field of the liquid crystal molecules on the protru-
sions and the slits in one embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0021] FIGS. 3A to 3E show an embodiment of a thin-film
transistor array substrate provided by the present invention.
Referring to FIG. 3A, a metal layer is formed on an
insulation substrate 300. A first photomask process is per-
formed to form a gate 302 on the insulation substrate 300.
The metal layer includes a chromium layer.

[0022] Referring to FIG. 3B, a diclectric layer 304 is
formed on the insulation substrate 300. The material of the
dielectric layer 304 includes silicon nitride (SiN.). An
amorphous silicon layer (a-Si) 306 and a doped amorphous
layer (n* a-Si) 308 are formed on the dielectric layer 304. A
second photomask process is performed to remain the amor-
phous silicon layer 306 and the doped amorphous silicon
layer 308 on the gate 302 as a pre-foundation for source/
drain region. In addition, a part of the amorphous silicon
layer 306 on a predetermined position for forming a pixel
electrode is remained. A protrusion 309 is formed by this
remaining part of the amorphous silicon layer 306 during the
second photomask process. The width and thickness of the
protrusion 309 are about 10 microns and about 0.2-0.3
micron, respectively.

[0023] Referring to FIG. 3C, a metal layer such as a
chromium layer is formed over the insulation substrate 300.
A third photomask process is performed to remove the metal
layer over the gate 302, the doped amorphous silicon layer
308 and the amorphous silicon layer 306, so that a discrete
source region 310 and drain region 312 are formed.

[0024] Referring to FIG. 3D, a passivation layer 314 is
formed over the insulation substrate 300 after the formation
of the source region 310 and the drain region 312 to prevent
the thin-film transistor device from scratching and enhance
the operation characteristic of the device. The passivation
layer 314 includes a silicon nitride layer. A fourth photomask
process is performed to remove a small area of the passi-
vation layer 314 over the source region 310, so as to form
a contact window 316 that exposes a part of the source
region 310.

[0025] As the operation of thin-film transistor liquid crys-
tal display uses the light valve theory to control whether
light beams can transmit through the liquid crystal display,
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the pixel electrodes must possess conductive and light
transparent characteristics. Thus, material such as indium tin
oxide (ITO) is used for forming the pixel electrode 318 as
shown in FIG. 3E. The indium tin oxide layer is formed by
physical vapor deposition to fill the contact window 316 and
to cover the insulation substrate 300 and the protrusion 309.
A fifth photomask process is then performed to form the
pixel electrode 318. In the fifth photomask process, at least
a slit 320 is formed in the pixel electrode 318. The width of
the slit 320 is about 8 microns to about 10 microns. The
extension direction of the slit 320 is parallel to that of the
protrusion 309, for example. However, according to specific
requirement, the extension direction of slit 320 does not
have to be parallel to that of the protrusion 309.

[0026] Further referring to FIG. 3E, a diclectric layer 322
with a flat top surface is formed on the pixel electrode 318
to planarize the pixel electrode 318. The material of the
dielectric layer 322 includes silicon nitride (SiN,), silicon
oxide, or other organic material, for example. The dielectric
layer 322 can either cover the protrusions 309 with a very
thin thickness, or allow the protrusions 309 to be exposed.
By the difference in thickness of the dielectric layer 322, the
electric field generated on the pixel electrode 318 is effec-
tively twisted. The liquid crystal molecules on the pixel
electrode 318 are thus inclined towards different directions
due to the different electric field.

[0027] Referring to FIGS. 4 and 5, FIG. 4 shows a top
view of a pixel in a multi-domain vertical alignment liquid
crystal display in one embodiment of the present invention,
and FIG. 5 shows a cross section cutting along the line A-A
in FIG. 4. The thin-film transistor including the gate 302, the
source region 310, the drain region 312 and the amorphous
silicon layer 306 located at a corner of the pixel electrode
318 is electrically connected to the pixel electrode 318. The
pixel electrode 318 has at least one slit 320 alternately
arranged with the protrusions 309 on the insulation substrate
300. The extension directions of the slit 320 and the pro-
trusions 309 are parallel to each other, for example. In
addition, the pixel electrode 318 on the protrusions 309 is
also protruded.

[0028] The pixel electrode 318 is covered with a dielectric
layer 322. The dielectric layer 322 including a planarized
surface fills the slit 320. The pixel electrode 318 on the
protrusions 309 is either exposed or covered with a very thin
thickness of the dielectric layer 322. By the exposed pixel
electrode 318, or the pixel electrode 318 covered with a very
thin thickness of the dielectric layer 322, and the slit, the
electric field can be twisted, so that the liquid crystal
molecules over the insulation substrate 300 are inclined
towards different directions.

[0029] Referring to FIG. 6, an assembly of two pixels on
a thin-film transistor array substrate is shown. Two pixels are
isolated by a storage capacitor (not shown). The extension
directions of the slit 320 and the protrusions 309 are formed
with various designs to obtain the wide viewing angle and
high display quality.

[0030] Referring to FIG. 7, a schematic drawing of the
long axis distribution and transmittance of liquid crystal
molecules on the protrusion and the slit is shown. In FIG. 7,
the horizontal axis indicates the position on the thin-film
transistor array substrate, and the vertical axis indicates the
transmittance. The transmittance of the liquid crystal mol-
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ecules on the protrusion and the slit is almost zero, while the
transmittance of the liquid crystal molecules over the dielec-
tric layer is very uniform, of about 0.8 to about 0.9.

[0031] Referring to FIG. 8, a schematic drawing of the
long axis distribution and electric field (the equi-potential
lines) of liquid crystal molecules on the protrusion and the
slit is shown. In FIG. 8, the relative positions of the
protrusion (the central portion) and the slit (two sides of the
drawing) are the same as those in FIG. 7. As shown in FIG.
8, the electric field on the protrusion is stronger than that on
the slit. The electric field is twisted on the protrusion and the
slit. To the whole liquid crystal display, the combination of
the protrusion, the slit, and the dielectric layer is advanta-
geous to control the inclination directions of the liquid
crystal molecules.

[0032] Accordingly, the present invention has at least the
following advantages.

[0033] 1. Protrusion and slit are formed on the thin-film
transistor array substrate, so that the misalignment of the
thin-film transistor array substrate and the substrate having
a color filter is avoided.

[0034] 2. A dielectric layer is formed on the pixel elec-
trode, so that the thin-film transistor array substrate is
planarized. The spaces between the liquid crystal molecules
are more uniform to enhance the display quality.

[0035] 3. The dielectric layer formed on the pixel elec-
trode causes the electric field generated by the pixel elec-
trode to be twisted, so that the liquid crystal molecules are
inclined towards different directions, and the liquid crystal
molecules on the same pixel electrode are divided into
multiple domains.

[0036] 4. The extensions of the protrusion of different
pixels can be designed into different directions, so that
multiple domains in different directions can be formed for
different pixels. By the combination of the pixels, a wide
viewing angle is obtained.

[0037] 5. The slit, the protrusion and the dielectric layer
are compatible for five fabrication processes of the thin-film
transistor liquid crystal display.

[0038] Other embodiments of the invention will appear to
those skilled in the art from consideration of the specifica-
tion and practice of the invention disclosed herein. It is
intended that the specification and examples to be consid-
ered as exemplary only, with a true scope and spirit of the
invention being indicated by the following claims.

What is claimed is:
1. A multi-domain vertical alignment liquid crystal dis-
play, comprising at least:

a first substrate, having a plurality of thin-film transistors,
a plurality of protrusions and a plurality of pixel
electrodes thereon, wherein the pixel electrodes formed
on the protrusions have a plurality of slits, and the first
substrate further includes a planarized dielectric layer
on the protrusions and the slits;

a second substrate; and
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a liquid crystal layer disposed between the first substrate

and the second substrate.

2. The multi-domain vertical alignment liquid crystal
display according to claim 1, wherein the first and second
substrates include glass substrates.

3. The multi-domain vertical alignment liquid crystal
display according to claim 1, wherein the first substrate
includes a thin-film transistor array substrate.

4. The multi-domain vertical alignment liquid crystal
display according to claim 1, wherein the second substrate
has a plurality of black matrices and color filters.

5. The multi-domain vertical alignment liquid crystal
display according to claim 1, wherein extension directions
of the protrusions and the slits are parallel to each other.

6. The multi-domain vertical alignment liquid crystal
display according to claim 1, wherein extension directions
of the protrusions and the slits are not parallel to each other.

7. The method according to claim 1, wherein the protru-
sions and the slits are alternately arranged.

8. The multi-domain vertical alignment array liquid crys-
tal display according to claim 1, wherein the pixel electrodes
on the protrusions are exposed while the dielectric layer is
planarized.

9. The multi-domain vertical alignment array liquid crys-
tal display according to claim 1, wherein the dielectric layer
covers the pixel electrodes on the protrusions with a thick-
ness thinner than that of the dielectric layer in other posi-
tions.

10. A thin-film transistor array substrate, comprising:

a substrate;

a plurality of thin-film transistors formed on the substrate
to provide an electric field;

a plurality of pixel electrodes covering the protrusions and
having a plurality of slits alternately arranged with the
protrusions; and

a dielectric layer, covering the pixel electrodes and the

slits, the dielectric layer having a planarized surface.

11. The multi-domain vertical alignment liquid crystal
display according to claim 10, wherein the thin-film tran-
sistor array substrate includes a glass substrate.

12. The multi-domain vertical alignment liquid crystal
display according to claim 10, wherein extension directions
of the protrusions and the slits are parallel to each other.

13. The multi-domain vertical alignment liquid crystal
display according to claim 10, wherein extension directions
of the protrusions and the slits are parallel to each other.

14. The multi-domain vertical alignment liquid crystal
display according to claim 10, wherein protrusions and the
slits are alternately arranged with each other.

15. The multi-domain vertical alignment liquid crystal
display according to claim 10, wherein the pixel electrodes
on the protrusions are exposed.

16. The multi-domain vertical alignment liquid crystal
display according to claim 10, wherein the dielectric layer
covers the pixel electrodes on the protrusions with a thick-
ness thinner than the dielectric layer in other positions.
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