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step 1, providing a lower substrate (1) and deposing a passivation
layer (2) on the lower substrate (1);

—

step 2, etching the passivation layer (2) with a photo process;

in one pixel, the passivation layer (2) is etched to form at least two
trench structures having different depths;

the trench structures having different depths divide the one pixel
into different areas;

2

step 3, deposing a pixel electrode (3) on the passivation layer (2)
comprising the at least two trench structures having different depths to
make the pixel electrode (3) uminterruptedly cover on the trench structures;

—

step 4, providing an upper substrate (4), and deposing a common
electrode (5) on the upper substrate (4).

4

Fig. 14
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LIQUID CRYSTAL DISPLAY PIXEL
STRUCTURE AND MANUFACTURE
METHOD THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to a display technol-
ogy field, and more particularly to a liquid crystal display
pixel structure and manufacture method thereof.

BACKGROUND OF THE INVENTION

[0002] The LCD (Liquid Crystal Display) possesses
advantages of thin body, power saving and no radiation to be
widely used in many application scope, such as LCD TV,
mobile phone, personal digital assistant (PDA), digital cam-
era, notebook, laptop, and dominates the flat panel display
field.

[0003] Most of the liquid crystal displays on the present
market are back light type liquid crystal displays, which
comprise a shell, a liquid crystal display panel located in the
shell and a backlight module located in the shell. The liquid
crystal display panel is the major component of the liquid
crystal display. However, the liquid crystal display panel
itself does not emit light and needs the back light module to
provide light source for normally showing images.

[0004] Generally, the liquid crystal display panel is
formed by laminating two glass substrates and injecting
liquid crystals between the two glass substrates. At the
relative inner sides of the two glass substrates, the pixel
electrode and the common electrode are respectively
located, and the light of backlight module is reflected to
generate images by applying driving voltages to control
whether the liquid crystal molecules to be changed direc-
tions.

[0005] 1In the present LCDs, there will be color washout
phenomenon under wide view angle. Although the present
skill has utilized the pixel design of the multi domain display
to improve the color washout under wide view angle, the
color washout phenomenon remains to be obvious. Such
situation becomes more obvious in the Vertical Alignment
(VA) type LCDs. The present pixel design of improving the
color washout under wide view angle requires to set the
pixels as Main areas and Sub areas. Different Thin Film
Transistors (TFT) are employed to respectively control the
Main areas and Sub areas and respectively provide different
driving voltages to make the liquid crystals in the Main areas
and the Sub areas generate different rotation behaviors.
Accordingly, the mixed compensation to the Gamma prop-
erties under wide view angle is implemented to realize the
objective of improving the color washout. However, more
TFTs mean more complicated control circuit and descend of
the pixel aperture ratio.

[0006] Please refer to FIG. 1, FIG. 2, FIG. 3, together
which shows a liquid crystal display pixel structure accord-
ing to prior art, comprising a lower substrate 100, a passi-
vation layer 200 covering an upper surface of the lower
substrate 100, a pixel electrode 300 formed on the passiva-
tion layer 200, an upper substrate 400 and a common
electrode 500 covering a lower surface of the upper substrate
400. Each pixel comprises four domains. The pixel electrode
300 employs line/space structures with equal gaps in
between similar as an optical grating, which requires a photo
process for implementing patterning treatment; the passiva-
tion layer 200 is directly deposed on the lower substrate 100.
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Except the via holes, the other areas do not require the photo
process for implementing patterning treatment; i.e. basically,
the passivation layer 200 is flat. The pixel electrode 300
possesses line patterns. As shown in FIG. 4, FIG. 5, in the
foregoing liquid crystal display pixel structure, the liquid
crystals in one pixel only have one kind of rotation behavior
under the same driving voltage. Therefore, the twisted
angles ® are the same. Although each pixel comprises four
domains and provides a certain improvement to the color
washout under wide view angle, the effect is not well. The
color washout is still serious.

SUMMARY OF THE INVENTION

[0007] An objective of the present invention is to provide
a liquid crystal display pixel structure capable of improving
the color washout phenomenon under wide view angle, and
simplifying the driving control circuit and raising the pixel
aperture ratio.

[0008] Another objective of the present invention is to
provide a manufacture method of a liquid crystal display
pixel structure. The demands to photo apparatus and manu-
facture process are lower, and the color washout phenom-
enon of the liquid crystal display pixel structure obtained by
the manufacture method under wide view angle can be
significantly improved.

[0009] For realizing the aforesaid objectives, the present
invention provides a liquid crystal display pixel structure,
comprising: a lower substrate, a passivation layer located on
an upper surface of the lower substrate, a pixel electrode
located on the passivation layer, an upper substrate, and a
common electrode located on a lower surface of the upper
substrate; each pixel comprises multi domains; in one pixel,
the passivation layer comprises at least two trench structures
having different depths, and the pixel electrode uninterrupt-
edly covers on the trench structures, the trench structures
having different depths divide the one pixel into different
areas to realize that liquid crystals in different areas of the
one pixel have different twisted angles under the same
driving voltage.

[0010] The trench structures comptise a concave part and
aconvex part adjacent to the concave part, and a depth of the
concave part is smaller than or equal to a thickness of the
passivation layer.

[0011] The depth of the concave part of the trench struc-
tures is not fixed, and an optimization adjustment is imple-
mented thereto according to the thickness of the passivation
layer and design demands;

[0012] a ratio of the different areas in the one pixel is not
fixed which is variable and adjusted according to the design
demands;

[0013] a width of the concave part and a width of the
adjacent convex part are not fixed which are variable and
adjusted according to the design demands.

[0014] The trench structures having different depths
divide the one pixel into different areas along a diagonal
direction of each domain.

[0015] The trench structures having different depths
divide the one pixel into different areas along a horizontal
direction and a vertical direction.

[0016] The trench structures having different depths
divide the one pixel into different areas along a tilt direction.
[0017] The pixel electrode is an ITO electrode, and the
common electrode is an ITO electrode.
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[0018] The present invention further provides a manufac-
ture method of a liquid crystal display pixel structure,
comprising steps of:

[0019] step 1, providing a lower substrate and deposing a
passivation layer on the lower substrate;

[0020] step 2. etching the passivation layer with a photo
process;
[0021] inone pixel, the passivation layer is etched to form

at least two trench structures having different depths;
[0022] the trench structures having different depths divide
the one pixel into different areas;

[0023] step 3. deposing a pixel electrode on the passiva-
tion layer comprising the at least two trench structures
having different depths to make the pixel electrode uninter-
ruptedly cover on the trench structures;

[0024] step 4, providing an upper substrate, and deposing
a common electrode on the upper substrate.

[0025] The trench structures comprise a concave part and
a convex part adjacent to the concave part, and a depth of the
concave part is smaller than or equal to a thickness of the
passivation layer.

[0026] The depth of the concave part of the trench struc-
tures is not fixed, and an optimization adjustment is imple-
mented thereto according to the thickness of the passivation
layer and design demands;

[0027] a ratio of the different areas in the one pixel is not
fixed which is variable and adjusted according to the design
demands;

[0028] a width of the concave part and a width of the
adjacent convex part are not fixed which are variable and
adjusted according to the design demands.

[0029] The benefits of the present invention are: the pres-
ent invention provides a liquid crystal display pixel struc-
ture, by locating at least two trench structures having dif-
ferent depths to the passivation layer in one pixel for
dividing the one pixel into different areas, realizes that liquid
crystals in different areas of the one pixel have different
twisted angles under the same driving voltage, which can
significantly improve the color washout phenomenon under
wide view angle. Compared with the liquid crystal display
pixel structure according to prior art, the number of the TFTs
can be diminished to simplify the driving control circuit and
raise the pixel aperture ratio; the present invention provides
a manufacture method of the liquid crystal display pixel
structure, by etching the passivation layer in one pixel to
comprise at least two trench structures having different
depths and directly deposing the pixel electrode on the
trench structures, so that the high transmission ratio can be
achieved without the high accuracy trench structures. The
demands to photo apparatus and manufacture process are
lower. The color washout phenomenon of the liquid crystal
display pixel structure obtained by the manufacture method
under wide view angle can be significantly improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The technical solution and the beneficial effects of
the present invention are best understood from the following
detailed description with reference to the accompanying
figures and embodiments.

[0031] In drawings,

[0032] FIG.11is a stereo diagram of a liquid crystal display
pixel structure according to prior art;

[0033] FIG. 2 is a sectional diagram corresponding to C
section in FIG. 1;
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[0034] FIG. 3 is a plane diagram of the liquid crystal
display pixel structure according to prior art;

[0035] FIG. 4 is a diagram of a twisted liquid crystal of the
liquid crystal display pixel structure according to prior art;
[0036] FIG. 5 is a diagram showing a color washout
improvement measuring result of the liquid crystal display
pixel structure according to prior art;

[0037] FIG. 6 is a stereo diagram of a liquid crystal display
pixel structure according to the first embodiment of the
present invention;

[0038] FIG. 7 is a sectional diagram corresponding to E
section in FIG. 6;

[0039] FIG. 8 is a plane diagram of the liquid crystal
display pixel structure according to the first embodiment of
the present invention;

[0040] FIG. 9 is a diagram of a twisted liquid crystal in the
area A of the liquid crystal display pixel structure according
to the first embodiment of the present invention;

[0041] FIG. 10 is a diagram of a twisted liquid crystal in
the area B of the liquid crystal display pixel structure
according to the first embodiment of the present invention;
[0042] FIG. 11 is a diagram showing a color washout
improvement measuring result of the liquid crystal display
pixel structure according to the first embodiment of the
present invention;

[0043] FIG. 12 is a plane diagram of the liquid crystal
display pixel structure according to the second embodiment
of the present invention;

[0044] FIG. 13 is a plane diagram of the liquid crystal
display pixel structure according to the third embodiment of
the present invention;

[0045] FIG. 14 is a flowchart of a manufacture method of
the liquid crystal display pixel structure according to the
present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0046] For better explaining the technical solution and the
effect of the present invention, the present invention will be
further described in detail with the accompanying drawings
and the specific embodiments.

[0047] Please refer to FIG. 6, FIG. 7, FIG. 8, which show
a liquid crystal display pixel structure according to the first
embodiment of the present invention at the same time. It
comprises: a lower substrate 1, a passivation layer 2 located
on an upper surface of the lower substrate 1, a pixel
electrode 3 located on the passivation layer 2, an upper
substrate 4 and a common electrode 5 located on a lower
surface of the upper substrate 4.

[0048] The pixel electrode 3 is an [TO electrode, and the
common electrode 5 is an ITO electrode. Each pixel com-
prises multi domains; in one pixel, the passivation layer 2
comprises at least two trench structures having different
depths, and the pixel electrode 3 uninterruptedly covers on
the trench structures, the trench structures having different
depths divide the one pixel into different areas. In the first
embodiment, each pixel comprises four domains, which
respectively are a domain 1, a domain 2, a domain 3, a
domain 4; in one pixel, the passivation layer 2 comprises at
least two trench structures having different depths, which
respectively are an area A, an area B. A trench depth DA in
the area A is smaller than a trench depth DB in the area B.
The passivation layer 2 requires a photo process to imple-
ment patterning treatment to have the trench structures
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having different depths. The pixel electrode 3 uninterrupt-
edly covers on the trench structures without the photo
process but directly deposition on the trench structures of the
passivation layer 2.

[0049] Specifically, as shown in FIG. 7, the trench struc-
tures comprise a concave part 21 and a convex part 23
adjacent to the concave part 21, and a depth of the concave
part 21 is smaller than or equal to a thickness of the
passivation layer 2. The depth of the concave part 21 of the
trench structures is not fixed, and an optimization adjust-
ment is implemented thereto according to the thickness of
the passivation layer 2 and design demands. A width .1 of
the concave part 21 and a width L3 of the adjacent convex
part 23 are not fixed which are variable and adjusted
according to the design demands. The liquid crystal display
pixel structure of the present invention does not require high
accuracy trench structures.

[0050] As shown in FIG. 8, the two trench structures
having different depths divide the one pixel into an area A
and an area B along a diagonal direction of each domain.
The domain 1 is divided into 1-A and 1-B along the diagonal
direction of domain 1, and the domain 2 is divided into 2-A
and 2-B along the diagonal direction of domain 2, and the
domain 3 is divided into 3-A and 3-B along the diagonal
direction of domain 3, and the domain 4 is divided into 4-A
and 4-B along the diagonal direction of domain 4, which is
equivalent to eight domains located in the one pixel. As
shown in FIG. 9, FIG. 10, under the same driving voltage,
the liquid crystal twisted angle GA in the area A and the
liquid crystal twisted angle GB in the area B are different.
The obtained beneficial effect is shown in FIG. 11, and the
color washout phenomenon under wide view angle can be
significantly improved. Therefore, the liquid crystal display
pixel structure of the present invention can realize that the
liquid crystals in the different areas of the one pixel have
different twisted angles under the same driving voltage.
Compared with the liquid crystal display pixel structure
according to prior art, the color washout phenomenon under
wide view angle can be significantly improved, and the
number of the TFTs can be diminished to simplify the
driving control circuit and raise the pixel aperture ratio.
[0051] Specifically, in the first embodiment, merely the
condition that the ratio of the area A and the area B is 1:1 is
shown. However, the ratio of the area A and the area B is not
restricted to be 1:1 but 1:2, 1:3, 2:3, 3:5, et cetera. That is to
say, the ratio of the different areas in the one pixel is not
fixed which can be variable and adjusted according to the
design demands.

[0052] FIG. 12 is a plane diagram of the liquid crystal
display pixel structure according to the second embodiment
of the present invention. The difference between the second
embodiment and the first embodiment is, the two trench
structures having different depths divide the one pixel into
an area A and an area B along a horizontal direction and a
vertical direction. The liberal interpretation can be that the
trench structures having different depths divide the one pixel
into different areas along a horizontal direction and a vertical
direction. Others are the same as the first embodiment. The
repeated description is omitted here.

[0053] FIG. 13 is a plane diagram of the liquid crystal
display pixel structure according to the third embodiment of
the present invention. The difference between the third
embodiment and the first embodiment is, the two trench
structures having different depths divide the one pixel into
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an area A and an area B along a tilt direction. The liberal
interpretation can be that the trench structures having dif-
ferent depths divide the one pixel into different areas along
a tilt direction. Others are the same as the first embodiment.
The repeated description is omitted here.

[0054] Please refer to FIG. 14 with FIG. 6 to FIG. 8 at the
same time. The present invention further provides a manu-
facture method of the liquid crystal display pixel structure,
comprising steps of:

[0055] step 1, providing a lower substrate 1 and deposing
a passivation layer 2 on the lower substrate 1.

[0056] step 2, etching the passivation layer 2 with a photo
process.
[0057] In one pixel, the passivation layer 2 is etched to

form at least two trench structures having different depths.
[0058] The trench structures having different depths
divide the one pixel into different areas.

[0059] step 3, deposing a pixel electrode 3 on the passi-
vation layer 2 comprising the at least two trench structures
having different depths to make the pixel electrode 3 unin-
terruptedly cover on the trench structures.

[0060] In the step 3, the pixel electrode 3 is directly
deposed on the two trench structures to achieve the high
transmission ratio without the high accuracy trench struc-
tures.

[0061] step 4. providing an upper substrate 4, and depos-
ing a common electrode 5 on the upper substrate 4.

[0062] Specifically, the trench structures comprise a con-
cave part 21 and a convex part 23 adjacent to the concave
part 21, and a depth of the concave part 21 is smaller than
or equal to a thickness of the passivation layer 2.

[0063] The depth of the concave part 21 of the trench
structures is not fixed, and an optimization adjustment is
implemented thereto according to the thickness of the pas-
sivation layer 2 and design demands. A ratio of the different
areas in the one pixel is not fixed which is variable and
adjusted according to the design demands. A width L1 of the
concave part 21 and a width L3 of the adjacent convex part
23 are not fixed which are variable and adjusted according
to the design demands. The liquid crystal display pixel
structure of the present invention does not require high
accuracy trench structures. The demands of the method to
photo apparatus and manufacture process are lower. The
color washout phenomenon of the liquid crystal display
pixel structure obtained by the manufacture method under
wide view angle can be significantly improved.

[0064] Inconclusion, the liquid crystal display pixel struc-
ture of the present invention, by locating at least two trench
structures having different depths to the passivation layer in
one pixel for dividing the one pixel into different areas,
realizes that liquid crystals in different areas of the one pixel
have different twisted angles under the same driving voltage,
which can significantly improve the color washout phenom-
enon under wide view angle. Compared with the liquid
crystal display pixel structure according to prior art, the
number of the TFTs can be diminished to simplify the
driving control circuit and raise the pixel aperture ratio; the
present invention provides a manufacture method of the
liquid crystal display pixel structure, by etching the passi-
vation layer in one pixel to comprise at least two trench
structures having different depths and directly deposing the
pixel electrode on the trench structures, so that the high
transmission ratio can be achieved without the high accuracy
trench structures. The demands to the photo apparatus and
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the manufacture process are lower. The color washout
phenomenon of the liquid crystal display pixel structure
obtained by the manufacture method under wide view angle
can be significantly improved.

[0065] Above are only specific embodiments of the pres-
ent invention, the scope of the present invention is not
limited to this, and to any persons who are skilled in the art,
change or replacement which is easily derived should be
covered by the protected scope of the invention. Thus, the
protected scope of the invention should go by the subject
claims.

What is claimed is:

1. A liquid crystal display pixel structure, comprising: a
lower substrate, a passivation layer located on an upper
surface of the lower substrate, a pixel electrode located on
the passivation layer, an upper substrate, and a common
electrode located on a lower surface of the upper substrate;
each pixel comprises multi domains; in one pixel, the
passivation layer comprises at least two trench structures
having different depths, and the pixel electrode uninterrupt-
edly covers on the trench structures, the trench structures
having different depths divide the one pixel into different
areas to realize that liquid crystals in different areas of the
one pixel have different twisted angles under the same
driving voltage.

2. The liquid crystal display pixel structure according to
claim 1, wherein the trench structures comprise a concave
part and a convex part adjacent to the concave part, and a
depth of the concave part is smaller than or equal to a
thickness of the passivation layer.

3. The liquid crystal display pixel structure according to
claim 2, wherein the depth of the concave part of the trench
structures is not fixed, and an optimization adjustment is
implemented thereto according to the thickness of the pas-
sivation layer and design demands;

a ratio of the different areas in the one pixel is not fixed
which is variable and adjusted according to the design
demands;

a width of the concave part and a width of the adjacent
convex part are not fixed which are variable and
adjusted according to the design demands.

4. The liquid crystal display pixel structure according to
claim 3, wherein the trench structures having different
depths divide the one pixel into different areas along a
horizontal direction and a vertical direction.

5. The liquid crystal display pixel structure according to
claim 3, wherein the trench structures having different
depths divide the one pixel into different areas along a
horizontal direction and a vertical direction.

6. The liquid crystal display pixel structure according to
claim 3, wherein the trench structures having different
depths divide the one pixel into different areas along a tilt
direction.

7. The liquid crystal display pixel structure according to
claim 1, wherein the pixel electrode is an ITO electrode, and
the common electrode is an ITO electrode.

8. A manufacture method of a liquid crystal display pixel
structure, comprising steps of:

step 1, providing a lower substrate and deposing a pas-
sivation layer on the lower substrate;

step 2, etching the passivation layer with a photo process;

in one pixel, the passivation layer is etched to form at least
two trench structures having different depths;
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the trench structures having different depths divide the

one pixel into different areas:

step 3, deposing a pixel electrode on the passivation layer

comprising the at least two trench structures having
different depths to make the pixel electrode uninter-
ruptedly cover on the trench structures;

step 4, providing an upper substrate, and deposing a

common electrode on the upper substrate.

9. The manufacture method of the liquid crystal display
pixel structure according to claim 8, wherein the trench
structures comprise a concave part and a convex part adja-
cent to the concave part, and a depth of the concave part is
smaller than or equal to a thickness of the passivation layer.

10. The manufacture method of the liquid crystal display
pixel structure according to claim 9, wherein the depth of the
concave part of the trench structures is not fixed, and an
optimization adjustment is implemented thereto according
to the thickness of the passivation layer and design demands;

a ratio of the different areas in the one pixel is not fixed
which is variable and adjusted according to the design
demands;

a width of the concave part and a width of the adjacent
convex part are not fixed which are variable and
adjusted according to the design demands.

11. A liquid crystal display pixel structure, comprising: a
lower substrate, a passivation layer located on an upper
surface of the lower substrate, a pixel electrode located on
the passivation layer, an upper substrate, and a common
electrode located on a lower surface of the upper substrate;
each pixel comprises multi domains; in one pixel, the
passivation layer comprises at least two trench structures
having different depths, and the pixel electrode uninterrupt-
edly covers on the trench structures, the trench structures
having different depths divide the one pixel into different
areas to realize that liquid crystals in different areas of the
one pixel have different twisted angles under the same
driving voltage;

wherein the trench structures comprise a concave part and
a convex part adjacent to the concave part, and a depth
of the concave part is smaller than or equal to a
thickness of the passivation layer;

wherein the pixel electrode is an ITO electrode, and the
common electrode is an ITO electrode.

12. The liquid crystal display pixel structure according to
claim 11, wherein the depth of the concave part of the trench
structures is not fixed, and an optimization adjustment is
implemented thereto according to the thickness of the pas-
sivation layer and design demands;

a ratio of the different areas in the one pixel is not fixed
which is variable and adjusted according to the design
demands;

a width of the concave part and a width of the adjacent
convex part are not fixed which are variable and
adjusted according to the design demands.

13. The liquid crystal display pixel structure according to
claim 12, wherein the trench structures having different
depths divide the one pixel into different areas along a
diagonal direction of each domain.

14. The liquid crystal display pixel structure according to
claim 12, wherein the trench structures having different
depths divide the one pixel into different areas along a
horizontal direction and a vertical direction.
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15. The liquid crystal display pixel structure according to
claim 12, wherein the trench structures having different
depths divide the one pixel into different areas along a tilt
direction.
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