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(7) ABSTRACT

An LCD panel includes a first and a second substrate struc-
ture. The second substrate structure includes multiple sub-
pixel areas. The first substrate structure has a first substrate, a
common electrode layer, an insulation layer, multiple sub-
photo spacers, a first conductive film layer and a first align-
ment film layer. The sub-photo spacers are located above
corresponding sub-pixel areas and are separated from the
second substrate structure. The first conductive film layer is
disposed on the insulation layer and covers the multiple sub-
photo spacers. The first alignment film layer covers the first
conductive film layer except a portion that covers the sub-
photo spacers, and also covers the insulation layer except a
portion that is covered by the first conductive film layer.
Utilizing the sub-photo spacers to realize a more even align-
ment of the liquid crystal molecules such that manufacturing
process of the liquid crystal panel is simplified, and the cost is
reduced.
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LIQUID CRYSTAL DISPLAY PANEL

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play technology, and more particularly to a multi-domain
vertical alignment (MVA) liquid crystal panel.

[0003] 2. Description of Related Art

[0004] With the evolution of the optical and semiconductor
technology, the flat panel display is flourishing in develop-
ment. In various flat panel displays, a liquid crystal display
(LCD) has become the mainstream of the market because of
many superior characteristics such as high space utilization
efficiency, low power consumption, no radiation, and low
electromagnetic interference, etc.

[0005] In various display modes of the liquid crystal dis-
plays, a vertical alignment (VA) liquid crystal display is popu-
lar in the market because of good viewing angle feature. For
the VA liquid crystal display, long axes of liquid crystal mol-
ecules in pixel units are perpendicular to a color filter layer.
Fach of the pixel units is divided into multiple domains.
Whena voltage is applied, the liquid crystal molecules in each
domain are deflected along a corresponding direction.
Through the above way, the liquid crystal molecules of the
same pixel unit are divided into multiple directions. There-
fore, viewing angles in different directions are compensated
in order to achieve an even display in different viewing direc-
tions such that viewing angle characters is improved.

[0006] In the conventional art, to realize the multiple
domains in a pixel unit is by the following way: (1) Patterned
vertical alignment (PVA), which is formed by using cracks of
pixel electrodes for forming side electric fields. (2) Multi-
domain vertical alignment (MVA), which is formed by using
protrusion structures in a pixel unit such that liquid crystal
molecules form a multi-domain arrangement. However, in the
conventional liquid crystal display panel, in order to maintain
an interval between two substrates of a liquid crystal panels,
two different kinds of spacers are disposed in different areas,
wherein, one kind of the spacers is a main spacer, and the
other kind of the spacers is a sub-spacer. The main spacer and
the sub-spacer are both located on a black matrix. If the above
protrusion structures are also disposed in the pixel unit, the
structure of the liquid crystal display panel is complicated
such that difficulty in manufacturing is increased and produc-
tion cost is also increased.

SUMMARY OF THE INVENTION

[0007] Inorder to solvethe existed problems in the conven-
tional art, one purpose of the present invention is to provide a
liquid crystal display panel, comprising: a first substrate
structure having a first substrate, a common electrode layer,
an insulation layer, multiple sub-photo spacers, a first con-
ductive film layer and a first alignment film layer; a second
substrate structure disposed oppositely to the first substrate
structure, and having a second substrate and multiple sub-
pixel areas formed on the second substrate; wherein, the
common electrode layer is disposed on the first substrate; the
insulation layer is disposed on the common electrode layer;
the multiple sub-photo spacers are disposed on the insulation
layer; the multiple sub-photo spacers are located above cor-
responding sub-pixel areas and are separated from the second
substrate structure; the first conductive film layer is disposed
on the insulation layer and covers the multiple sub-photo
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spacers; the first alignment film layer covers the first conduc-
tive film layer except a portion of the first conductive film
layer that covers each sub-photo spacer; the first alignment
film layer also covers the insulation layer except a portion of
the insulation layer that is covered by the first conductive film
layer.

[0008] Wherein, each sub-photo spacer is located above a
center portion of a corresponding sub-pixel area.

[0009] Wherein, a shape of each sub-photo spacer is a
trapezoidal shape.

[0010] Wherein, the first substrate structure further
includes a black matrix, a color filter layer and multiple main
photo spacers, wherein, the black matrix is disposed on the
first substrate; the color filter layer is disposed on the black
matrix; the common electrode layer is disposed on the color
filter layer; the main photo spacers are disposed on the insu-
lation layer; the main photo spacers are disposed below the
black matrix and abut upon the second substrate structure.
[0011] Wherein, the second substrate structure further
includes multiple switching transistors and a second align-
ment film layer; the multiple switching transistors are
arranged on the second substrate as a matrix; pixel electrodes
of the switching transistors are disposed in corresponding
sub-pixel areas; the second alignment film covers the switch-
ing transistors and the sub-pixel areas.

[0012] Inorderto solvethe existed problems in the conven-
tional art, another purpose of the present invention is to pro-
vide a liquid crystal display panel, comprising: a first sub-
strate structure having a first substrate, a common electrode
layer, an insulation layer, multiple conductive sub-photo
spacers, a first conductive film layer and a first alignment film
layer; a second substrate structure disposed oppositely to the
first substrate structure, and having a second substrate and
multiple sub-pixel areas formed on the second substrate;
wherein, the common electrode layer is disposed on the first
substrate; the insulation layer is disposed on the common
electrode layer; the multiple conductive sub-photo spacers
are disposed on the insulation layer; the multiple conductive
sub-photo spacers are located above corresponding sub-pixel
areas and are separated from the second substrate structure;
the first conductive film layer is disposed on the insulation
layer and is contacted with bottom portions of the multiple
conductive sub-photo spacers; the first alignment film layer
covers the first conductive film layer; the first alignment film
layer also covers the insulation layer except a portion of the
insulation layer 115 that is covered by the first conductive film
layer.

[0013] The present invention utilizes sub-photo spacers
between the first substrate and the second substrate to realize
amore even alignment of the liquid crystal molecules. Com-
paring to the conventional MVA liquid crystal display panel,
no additional protrusions are requirement for realizing the
alignment of'the liquid crystal molecules. The manufacturing
process of the liquid crystal panel is simplified, and the cost is
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Inorderto more clearly illustrate the technical solu-
tion in the present invention or in the prior art, the following
will illustrate the figures used for describing the embodiments
or the prior art. It is obvious that the following figures are only
some embodiments of the present invention. For the person of
ordinary skill in the art without creative effort, it can also
obtain other figures according to these figures. In the figures:
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[0015] FIG. 1 is a schematic diagram of an MVA liquid
crystal display panel according to a first embodiment of the
present invention;

[0016] FIG.2isa front view of a first substrate according to
a first embodiment of the present invention;

[0017] FIG. 3 is a schematic diagram of an MVA liquid
crystal display panel according to a second embodiment of
the present invention; and

[0018] FIG.4isa front view of a first substrate according to
a second embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0019] The following content combines with the drawings
and the embodiment for describing the present invention in
detail. It is obvious that the following embodiments are only
some embodiments of the present invention. For the person of
ordinary skill in the art without creative effort, the other
embodiments obtained thereby are still covered by the present
invention.

[0020] Itshould be noted that, herein, relational terms such
as first and second, and the like are only used to distinguish
one entity or operation from another entity or operation. It is
not required or implied that these entities or operations exist
any such relationship or order between them. Moreover, the
terms “comprise,” include,” or any other variation thereof, are
intended to cover a non-exclusive inclusion, such that a series
of elements including the process, method, article or device
that includes not only those elements but also other elements
not expressly listed or further comprising such process,
method, article or device inherent elements. Without more
constraints, by the statement “comprises one” element
defined does not exclude the existence of additional identical
elements in the process, method, article, or apparatus.
[0021] FIG. 1 is a schematic diagram of an MVA liquid
crystal display panel according to a first embodiment of the
present invention and FIG. 2 is a front view of a first substrate
according to a first embodiment of the present invention.
Wherein, in FIG. 2, ablack matrix 112, a color filter layer 113
and a common electrode layer 114 are covered by an insula-
tion layer 115. Besides, in FIG. 2, a first alignment film layer
118 is not shown.

[0022] With reference to FIG. 1 and FIG. 2, the multi-
domain vertical alignment (MVA) liquid crystal display panel
includes a first substrate 111, a second substrate 121 and a
liquid crystal layer 130. Wherein, the first substrate 111 and
the second sub stare 121 are disposed oppositely. The liquid
crystal layer 130 is disposed between the first substrate 111
and the second sub stare 121. Preferably, according to the first
embodiment of the present invention, the liquid crystal layer
130 includes negative liquid crystal molecules. However, the
present invention is not limited.

[0023] A display region of the second sub stare 121
includes multiple sub-pixel areas SP, and the second substrate
121 is provided with multiple switching transistors (such as
thin-film transistors) 122. Wherein, a pixel electrode 1221 of
each switching transistor 122 is disposed in a corresponding
sub-pixel area SP. The second sub stare 121 further is pro-
vided with a second alignment film 123. Wherein, the second
alignment film 123 covers all of the switching transistors 122
and the sub-pixel areas SP. According to the first embodiment
of the present invention, the second alignment film 123 is
made of a polyimide resin (PI) material.
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[0024] The first substrate 111 is provided with: a black
matrix 112, a color filter layer 113, a common electrode layer
114, an insulation layer 115, multiple main photo spacers
(MPS) 1164, multiple sub-photo spacers (SPS) 1165, a first
conductive film layer 117 and a first alignment film layer 118.
[0025] The black matrix (BM) 112 is disposed on the first
substrate 111. Wherein, the black matrix 112 is made of a
black resin or metal chrome. The switching transistors 122
formed on the second substrate 121 are right opposite to the
black matrix 112. The color filter layer 113 is formed on the
first substrate 111 and covers the black matrix 112. Wherein,
the color filter layer 113 includes a red (R) color resist layer,
a green (G) color resist layer and a blue (B) color resist layer
which are formed sequentially.

[0026] The common electrode 114 is formed on the color
filter layer 113, wherein, the common electrode layer 114 is
made of an indium tin oxide (ITO) material. The insulation
layer 115 is formed on the common electrode layer 114. The
multiple main photo spacers 1164 and the multiple sub-photo
spacers 1164 are disposed on the insulation layer 115. There-
fore, the insulation layer 115 can isolate the common elec-
trode layer 115, the main photo spacers 116a and the sub-
photo spacers 116.

[0027] The main photo spacers 116a are located below the
black matrix 112 with intervals and the main photo spacers
1164 abut the second substrate structure. Wherein, the main
photo spacers 116a are used for maintaining an interval
between the first substrate structure and the second substrate
structure. In the present embodiment, each sub-pixel area SP
corresponds to a sub-pixel spacer 1165. An arrangement den-
sity of the main photo spacers 116a is smaller than an arrange-
ment density of the sub-photo spacers 1164.

[0028] Each sub-photo spacer 1165 is located above a cor-
responding sub-pixel area SP and is separated from the sec-
ond alignment film 123. Wherein, each sub-photo spacer
1164 is made of an elastic material such as a resin or made of
a hard material such as silicon dioxide. Preferably, according
to the first embodiment of the present invention, each sub-
photo spacer 1165 is located above a center of the correspond-
ing sub-pixel area SP. Preferably, according to the first
embodiment of the present invention, each sub-photo spacer
1165 is trapezoidal.

[0029] Thefirst conductive film layer 117 is disposed on the
insulation layer 115 and covers each sub-photo spacer 1165.
Wherein, the first conductive film layer 117 is made of a
transparent indium tin oxide (ITO) material. The first align-
ment film layer 118 covers the first conductive film layer 117
except a portion of the first conductive film layer 117 that
covers each sub-photo spacer 1164. The first alignment film
layer 118 also covers the insulation layer 115 except a portion
of the insulation layer 115 that is covered by the first conduc-
tive film layer 117. That is, the first conductive film layer 117
only covers some parts of the insulation layer 115. The first
conductive film layer 117 is a narrow and dense electrode
pattern such that a shielding effect caused by the first conduc-
tive film layer 117 to the common electrode layer 114 is
reduced.

[0030] Besides, the first alignment film layer 118 does not
cover the main photo spacers 116a. The first alignment film
layer 118 is made of a polyimide resin (PI) material.

[0031] According to the first embodiment of the present
invention, firstly, turning on and conducting current to the
pixel electrode 1221 of each switching transistor 122 and the
first conductive film layer 117. At this time, the negative
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liquid crystal molecules in the liquid crystal layer 130 will
surround the sub-photo spacers 1165 and form pre-tilt angles
so as to arrange in certain directions. Then, the present
embodiment utilizes ultraviolet light (UV) to irradiate such
that UV-curable monomers added in the liquid crystal layer
130 perform polymerization reaction so that the liquid crystal
molecules are fixed to surround the sub-photo spacers 1165 in
order to form a multi-domain arrangement. As a result, a
multi-domain vertical alignment liquid crystal display panel
is formed.

[0032] FIG. 3 is a schematic diagram of an MVA liquid
crystal display panel according to a second embodiment of
the present invention, and FIG. 4 is a front view of a first
substrate according to a second embodiment of the present
invention. Wherein, in FIG. 4, the black matrix 112, the color
filter layer 113 and the common electrode layer 114 are cov-
ered by the insulation layer 115 and are located below the
insulation layer 115. Besides, in FIG. 4, a first alignment film
layer 118 is not shown.

[0033] Withreferenceto FIG. 3 and F1G. 4, according to the
second embodiment, the multi-domain vertical alignment
(MVA) liquid crystal display panel includes a first substrate
111, a second substrate 121 and a liquid crystal layer 130.
Wherein, the first substrate 111 and the second substrate 121
are disposed oppositely. The liquid crystal layer 130 is dis-
posed between the first substrate 111 and the second substrate
121. Preferably. according to the second embodiment of the
present invention, the liquid crystal layer 130 includes nega-
tive liquid crystal molecules. However, the present invention
is not limited.

[0034] A display region of the second substrate 121
includes multiple sub-pixel areas SP, and the second substrate
121 is provided with multiple switching transistors (such as
thin-film transistors) 122. Wherein, a pixel electrode 1221 of
each switching transistor 122 is disposed in a corresponding
sub-pixel area SP. The second substrate 121 further is pro-
vided with a second alignment film 123. Wherein, the second
alignment film 123 totally covers all of the switching transis-
tors 122 and the sub-pixel areas SP. According to the second
embodiment of the present invention, the second alignment
film 123 is made of a polyimide resin (PI) material.

[0035] The first substrate 111 is provided with: a black
matrix 112, a color filter layer 113, a common electrode layer
114, an insulation layer 115, multiple main photo spacers
116a, multiple conductive sub-photo spacers 119, a first con-
ductive film layer 117 and a first alignment film layer 118.
[0036] The black matrix (BM) 112 is disposed on the first
substrate 111. Wherein, the black matrix 112 is made of a
black resin or metal chrome. The switching transistors 122
formed on the second substrate 121 are right opposite to the
black matrix 112. The color filter layer 113 is formed on the
first substrate 111 and covers the black matrix 112. Wherein,
the color filter layer 113 includes a red (R) color resist layer,
a green (G) color resist layer and a blue (B) color resist layer
which are formed sequentially.

[0037] The common electrode 114 is formed on the color
filter layer 113, wherein, the common electrode layer 114 is
made of an indium tin oxide (ITO) material. The insulation
layer 115 is formed on the common electrode layer 114. The
multiple main photo spacers 116a and the conductive sub-
spacers 119 are disposed on the insulation layer 115. There-
fore, the insulation layer 115 can isolate the common elec-
trode layer 115, the main photo spacers 116a and the
conductive sub-photo spacers 119.
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[0038] The main photo spacers 116a are located below the
black matrix 112 with intervals and the main photo spacers
1164 abut the second substrate structure. Wherein, the main
photo spacers 116a are used for maintaining an interval
between the first substrate structure and the second substrate
structure. In the present embodiment, each sub-pixel area SP
corresponds to a conductive sub-photo spacer 119. An
arrangement density of the main photo spacers 116a is
smaller than an arrangement density of the conductive sub-
photo spacers 119.

[0039] Each conductive sub-photo spacer 119 is located
above a corresponding sub-pixel area SP and is separated
from the second alignment film layer 123. Wherein, each
conductive sub-photo spacer 119 is made of a metal material
such as aluminum. Preferably, according to the second
embodiment of the present invention, each conductive sub-
photo spacer 119 is located above a center of the correspond-
ing sub-pixel area SP. Preferably, according to the second
embodiment of the present invention, each conductive sub-
photo spacer 119 is trapezoidal.

[0040] Thefirst conductive film layer 117 is disposed on the
insulation layer 115. The first conductive film layer 117 also
contacts with a bottom portion of each conductive sub-photo
spacer 119. Wherein, the first conductive film layer 117 is
made of a transparent indium tin oxide (ITO) material. The
first alignment film layer 118 covers the first conductive film
layer 117. The first alignment film layer 118 also covers the
insulation layer 115 except a portion of the insulation layer
115 that is covered by the first conductive film layer 117. That
is, the first conductive film layer 117 only covers some parts
ofthe insulation layer 115. The first conductive film layer 117
is a narrow and dense electrode pattern such that a shielding
effect caused by the first conductive film layer 117 to the
common electrode layer 114 is reduced.

[0041] Besides, the first alignment film layer 118 does not
cover the main photo spacers 116a. The first alignment film
layer 118 is made of a polyimide resin (PI) material.

[0042] According to the second embodiment of the present
invention, firstly, turning on and conducting current to the
pixel electrode 1221 of each switching transistor 122 and the
first conductive film layer 117. In the second embodiment,
because the first conductive film layer 117 is contacted with
the bottom portion of each conductive sub-photo spacer 119,
each conductive sub-photo spacer 119 is also conductive by a
voltage. At this time, the negative liquid crystal molecules in
the liquid crystal layer 130 will surround the conductive sub-
photo spacers 119 and form pre-tilt angles so as to arrange in
certain directions. Then, the present embodiment utilizes
ultraviolet light (UV) to irradiate such that UV-curable mono-
mers added in the liquid crystal layer 130 perform polymer-
ization reaction so that the liquid crystal molecules are fixed
to surround the conductive sub-photo spacers 119 in order to
form a multi-domain arrangement. As a result, a multi-do-
main vertical alignment liquid crystal display panel is
formed.

[0043] In summary, according to the embodiments of the
present invention, the present invention utilizes sub-photo
spacers between the first substrate and the second substrate to
realize a more even alignment of the liquid crystal molecules.
Comparing to the conventional MVA liquid crystal display
panel, no additional protrusions are requirement for realizing
the alignment of the liquid crystal molecules. The manufac-
turing process of the liquid crystal panel is simplified, and the
cost is reduced.
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[0044] Theabove embodiments of the present invention are
not used to limit the claims of this invention. Any use of the
content in the specification or in the drawings of the present
invention which produces equivalent structures or equivalent
processes, or directly or indirectly used in other related tech-
nical fields is still covered by the claims in the present inven-
tion.

What is claimed is:

1. A liquid crystal display panel, comprising:

afirst substrate structure having a first substrate, a common
electrode layer, an insulation layer, multiple sub-photo
spacers, a first conductive film layer, and a first align-
ment film layer; and

asecond substrate structure disposed oppositely to the first
substrate structure, and having a second substrate and
multiple sub-pixel areas formed on the second substrate;

wherein, the common electrode layer is disposed on the
first substrate; the insulation layer is disposed on the
common electrode layer; the multiple sub-photo spacers
are disposed on the insulation layer; the multiple sub-
photo spacers are located above corresponding sub-
pixel areas and are separated from the second substrate
structure; the first conductive film layer is disposed on
the insulation layer and covers the multiple sub-photo
spacers; the first alignment film layer covers the first
conductive film layer except a portion of the first con-
ductive film layer that covers each sub-photo spacer; the
first alignment film layer also covers the insulation layer
except aportion of the insulation layer that is covered by
the first conductive film layer.

2. The liquid crystal display panel according to claim 1,
wherein, each sub-photo spacer is located above a center
portion of a corresponding sub-pixel area.

3. The liquid crystal display panel according to claim 1,
wherein, a shape of each sub-photo spacer is a trapezoidal
shape.

4. The liquid crystal display panel according to claim 2,
wherein, a shape of each sub-photo spacer is a trapezoidal
shape.

5. The liquid crystal display panel according to claim 1,
wherein, the first substrate structure further includes a black
matrix, a color filter layer and multiple main photo spacers,
wherein, the black matrix is disposed on the first substrate; the
color filter layer is disposed on the black matrix; the common
electrode layer is disposed on the color filter layer; the main
photo spacers are disposed on the insulation layer; the main
photo spacers are disposed below the black matrix and abut
upon the second substrate structure.

6. The liquid crystal display panel according to claim 2,
wherein, the first substrate structure further includes a black
matrix, a color filter layer and multiple main photo spacers,
wherein, the black matrix is disposed on the first substrate; the
color filter layer is disposed on the black matrix; the common
electrode layer is disposed on the color filter layer; the main
photo spacers are disposed on the insulation layer; the main
photo spacers are disposed below the black matrix and abut
upon the second substrate structure.

7. The liquid crystal display panel according to claim 1,
wherein, the second substrate structure further includes mul-
tiple switching transistors and a second alignment film layer;
the multiple switching transistors are arranged on the second
substrate as a matrix; pixel electrodes of the switching tran-
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sistors are disposed in corresponding sub-pixel areas; the
second alignment film covers the switching transistors and
the sub-pixel areas.

8. The liquid crystal display panel according to claim 2,
wherein, the second substrate structure further includes mul-
tiple switching transistors and a second alignment film layer;
the multiple switching transistors are arranged on the second
substrate as a matrix; pixel electrodes of the switching tran-
sistors are disposed in corresponding sub-pixel areas; the
second alignment film covers the switching transistors and
the sub-pixel areas.

9. A liquid crystal display panel, comprising:

a first substrate structure having a first substrate, a common
electrode layer, an insulation layer, multiple conductive
sub-photo spacers, a first conductive film layer and a first
alignment film layer; and

a second substrate structure disposed oppositely to the first
substrate structure, and having a second substrate and
multiple sub-pixel areas formed on the second substrate;

wherein, the common electrode layer is disposed on the
first substrate; the insulation layer is disposed on the
common electrode layer; the multiple conductive sub-
photo spacers are disposed on the insulation layer; the
multiple conductive sub-photo spacers are located above
corresponding sub-pixel areas and are separated from
the second substrate structure; the first conductive film
layer is disposed on the insulation layer and is contacted
with bottom portions of the multiple conductive sub-
photo spacers; the first alignment film layer covers the
first conductive film layer; the first alignment film layer
also covers the insulation layer except a portion of the
insulation layer that is covered by the first conductive
film layer.

10. The liquid crystal display panel according to claim 9,
wherein, each conductive sub-photo spacer is located above a
center portion of a corresponding sub-pixel area.

11. The liquid crystal display panel according to claim 9,
wherein, a shape of each sub-photo spacer is a trapezoidal
shape.

12. The liquid crystal display panel according to claim 10,
wherein, a shape of each sub-photo spacer is a trapezoidal
shape.

13. The liquid crystal display panel according to claim 9,
wherein, the first substrate structure further includes a black
matrix, a color filter layer and multiple main photo spacers,
wherein, the black matrix is disposed on the first substrate; the
color filter layer is disposed on the black matrix; the common
electrode layer is disposed on the color filter layer; the main
photo spacers are disposed on the insulation layer; the main
photo spacers are disposed below the black matrix and abut
upon the second substrate structure.

14. The liquid crystal display panel according to claim 10,
wherein, the first substrate structure further includes a black
matrix, a color filter layer and multiple main photo spacers,
wherein, the black matrix is disposed on the first substrate; the
color filter layer is disposed on the black matrix; the common
electrode layer is disposed on the color filter layer; the main
photo spacers are disposed on the insulation layer; the main
photo spacers are disposed below the black matrix and abut
upon the second substrate structure.

15. The liquid crystal display panel according to claim 9,
wherein, the second substrate structure further includes mul-
tiple switching transistors and a second alignment film layer;
the multiple switching transistors are arranged on the second
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substrate as a matrix; pixel electrodes of the switching tran-
sistors are disposed in corresponding sub-pixel areas; the
second alignment film covers the switching transistors and
the sub-pixel areas.

16. The liquid crystal display panel according to claim 9,
wherein, the second substrate structure further includes mul-
tiple switching transistors and a second alignment film layer;
the multiple switching transistors are arranged on the second
substrate as a matrix; pixel electrodes of the switching tran-
sistors are disposed in corresponding sub-pixel areas; the
second alignment film covers the switching transistors and
the sub-pixel areas.
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