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Description

BACKGROUND OF THE INVENTION

(a) Technical Field

[0001] Embodiments of the present invention relate
generally to flat panel displays. More specifically, em-
bodiments of the present invention relate to liquid crystal
displays having multiple pixel regions for improved trans-
mittance.

(b) Description of the Related Art

[0002] Aliquid crystal display, which is one of the most
common types of flat panel displays currently in use, in-
cludes two panels with field generating electrodes such
as a pixel electrode, a common electrode, and the like,
with a liquid crystal layer interposed therebetween.
[0003] The liquid crystal display generates an electric
field in the liquid crystal layer by applying a voltage to the
field generating electrodes, and determines the orienta-
tion of liquid crystal molecules of the liquid crystal layer
by the generated electric field, thus controlling polariza-
tion of incident light so as to display images.

[0004] TheLCD also includes switching elements con-
nected to the respective pixel electrodes, and a plurality
of signal lines such as gate lines and data lines for con-
trolling the switching elements and applying voltages to
the pixel electrodes.

[0005] Different types of LCDs exist. A vertical align-
ment (VA) mode LCD, which aligns LC molecules such
that their long axes are perpendicular to the panels in the
absence of an electric field, is sometimes preferred be-
cause of its relatively high contrast ratio and wide refer-
ence viewing angle. Here, the reference viewing angle
implies a viewing angle that has a contrast ratio of 1:10,
or a critical angle of gray-to-gray luminance reversion.
[0006] In order to approximate side visibility to front
visibility in the vertical alignment mode LCD, a method
of causing a difference in transmittance by dividing one
pixel into two sub-pixels and applying different voltages
to the two sub-pixels has been suggested.

[0007] However, when approximating the side visibility
to the front visibility by dividing one pixel into two subpix-
els and forming different transmittances, the luminance
is increased at a low gray or high gray such that gray
expression is difficult at the sides, thereby deteriorating
display quality.

[0008] Also, whendividing one pixel into two subpixels,
the transmittance is decreased according to the interval
between the two subpixels.

[0009] The above information disclosed in this Back-
ground section is only for enhancement of understanding
of the background of the invention and therefore it may
contain information that does not form the prior art that
is already known in this country to a person of ordinary
skill in the art.
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[0010] US2013/0002625 A1 discloses a multi-domain
vertical-alignment-mode LCD device with a pair of sub-
pixel electrodes in each pixel which might mutually over-
lap in part via an intermediate insulating layer. A colour
shift between side vie and front view of the disclosed
display is reduced by applying different voltages to the
subpixel electrodes. Each sub-pixel electrode has a slit
pattern extending in diagonal directions to improve the
viewing angle characteristics.

SUMMARY

[0011] The present invention provides a liquid crystal
display having advantages of expressing more accurate
gray in a low gray region and preventing transmittance
deterioration while side visibility is close to front visibility.
[0012] A liquid crystal display according to an exem-
plary embodiment of the present invention includes: a
first subpixel electrode positioned on a first substrate and
configured to receive a first voltage; a second subpixel
electrode positioned on the first substrate and configured
to receive a second voltage; and an insulating layer po-
sitioned between the first subpixel electrode and the sec-
ond subpixel electrode, wherein a portion of the first sub-
pixel electrode and a portion of the second subpixel elec-
trode overlap each other with the insulating layer inter-
posed therebetween.

[0013] Theliquid crystaldisplay furtherincludes: a sec-
ond substrate facing the first substrate; and a common
electrode positioned on the second substrate, wherein a
difference between the first voltage and a common volt-
age may be larger than a difference between the second
voltage and the common voltage.

[0014] At least a portion of the first subpixel electrode
may be positioned under the insulating layer, and the
second subpixel electrode may be positioned on the in-
sulating layer.

[0015] The first portion of the first subpixel electrode
may include a first subregion positioned under the insu-
lating layer and a second subregion positioned on the
insulating layer, and the first subregion and the second
subregion may be connected to each other through a
contact hole formed in the insulating layer.

[0016] The second portion of the second subpixel elec-
trode may include a plurality of branch electrodes extend-
ing in a plurality of different directions.

[0017] At least part of the second subpixel electrode
besides the portion of the second subpixel electrode may
be at least approximately planar.

[0018] The second subpixel electrode may have a cut-
out formed proximate to at least one of its outer edges.
[0019] The portion of the first subpixel electrode may
be a first portion, and the first subpixel electrode may
further include a second portion that does not overlap
the portion of the second subpixel electrode, and the in-
sulating layer may have a plurality of openings corre-
sponding to the second portion of the first subpixel elec-
trode.
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[0020] A liquid crystal display according to another ex-
emplary embodiment of the present invention includes:
a first substrate; a first subpixel electrode positioned on
thefirst substrate and configured toreceive afirstvoltage;
a second subpixel electrode positioned on the first sub-
strate and configured to receive a second voltage; and
an insulating layer positioned between the first subpixel
electrode and the second subpixel electrode. One pixel
area includes a first region in which a first portion of the
first subpixel electrode is positioned, a second region in
which a second portion of the first subpixel electrode and
a first portion of the second subpixel electrode overlap
each other, and a third region in which a second portion
of the second subpixel electrode is positioned.

[0021] The second portion of the first subpixel elec-
trode may be positioned under the insulating layer, the
first portion of the first subpixel electrode may be posi-
tioned on the insulating layer, and the first portion and
the second portion may be connected to each other
through a contact hole formed in the insulating layer.
[0022] The first portion of the second subpixel elec-
trode may include a plurality of branch electrodes extend-
ing in a plurality of different directions.

[0023] Atleast partof the second portion of the second
subpixel electrode may be at least approximately planar.
[0024] The insulating layer may have a plurality of
openings corresponding to the first portion of the first
subpixel electrode.

[0025] In the liquid crystal display according to an ex-
emplary embodiment of the presentinvention, a first sub-
pixel electrode and a second subpixel electrode are
formed, and a portion of the first subpixel electrode and
a portion of the second subpixel electrode overlap each
other to divide one pixel area into a first region containing
the first subpixel electrode (but not the second subpixel
electrode), a second region containing an area of overlap
between the first subpixel electrode and the second sub-
pixel electrode, and a third region containing the second
subpixel electrode (but not the first subpixel electrode).
Accordingly, an accurate gray in a low gray region may
be realized along with side visibility that is close to front
visibility, and transmittance deterioration that may be
generated in the region between the first subpixel elec-
trode and the second subpixel electrode may be reduced
or prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

FIG. 1 is a layout view of the liquid crystal display
according to the exemplary embodiment of the
present invention.

FIG. 2 is a cross-sectional view of the liquid crystal
display taken along the line II-Il of FIG. 1.

FIG. 3 is a layout view of the first subpixel electrode
of the liquid crystal display of FIG. 1.

FIG. 4 is alayout view of a portion of the first subpixel
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electrode and the second subpixel electrode of the
liquid crystal display of FIG. 1.

FIG. 5 is a cross-sectional view of the liquid crystal
display taken along the line V-V of FIG. 1.

FIG. 6 is a cross-sectional view of the liquid crystal
display taken along the line VI-VI of FIG. 1.

FIG. 7 is a cross-sectional view of the liquid crystal
display taken along the line VII-VII of FIG. 1.

FIG. 8 is a graph of a transmittance according to a
voltage in a liquid crystal display according to an ex-
perimental example of the present invention.

FIG. 9 is a layout view of the liquid crystal display
not according to the present invention.

FIG. 10is alayout view of the first subpixel electrode
of the liquid crystal display of FIG. 9.

FIG. 11 is a layout view of a portion of the first sub-
pixel electrode and the second subpixel electrode of
the liquid crystal display of FIG. 9.

FIG. 12 is a layout view of the second subpixel elec-
trode of the liquid crystal display of FIG. 9.

FIG. 13 is a cross-sectional view of the liquid crystal
display of FIG. 9 taken along the line XIII-XIII.

FIG. 14 is a cross-sectional view of the liquid crystal
display of FIG. 9 taken along the line XIV-XIV.

FIG. 15 is a cross-sectional view of the liquid crystal
display of FIG. 9 taken along the line XV-XV.

FIG. 16 is a layout view of the liquid crystal display
not according to the present invention.

FIG. 17 is alayout view of the first subpixel electrode
of the liquid crystal display of FIG. 16.

FIG. 18 is a layout view of a portion of an insulating
layer of the liquid crystal display of FIG. 16.

FIG. 19 is a layout view of the second subpixel elec-
trode of the liquid crystal display of FIG. 16.

FIG. 20 is a cross-sectional view of the liquid crystal
display of FIG. 16 taken along the line XX-XX.

FIG. 21 is a cross-sectional view of the liquid crystal
display of FIG. 16 taken along the line XXI-XXI.
FIG. 22 is a cross-sectional view of the liquid crystal
display of FIG. 16 taken along the line XXII-XXII.
FIG. 23 are electron microscopy pictures showing a
brightness change of the liquid crystal display ac-
cording to an experimental example of the present
invention.

FIGS.24-25 form not part of the invention.

FIG. 26 is a graph of a transmittance change accord-
ing to a voltage in a liquid crystal display according
to another experimental example of the present in-
vention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0027] Exemplary embodiments of the present inven-
tion will be described in detail with reference to the at-
tached drawings. The present invention may be modified
in many different forms, and should not be construed as
being limited to the exemplary embodiments set forth
herein. Rather, the exemplary embodiments of the
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present invention are provided so that this disclosure will
be thorough and complete, and will fully convey the con-
cept of the present invention to those skilled in the art.
[0028] In the drawings, the thickness of layers and re-
gions may be exaggerated for clarity. In addition, when
a layer is described to be formed on another layer or on
a substrate, this means that the layer may be formed on
the other layer or on the substrate, or a third layer may
be interposed between the layer and the other layer or
the substrate. Like numbers refer to like elements
throughout the specification. The drawings are not nec-
essarily to scale. Any combination and/or permutation of
any of the various features of any of the embodiments
described herein is contemplated.

[0029] Now, aliquid crystal display according to an ex-
emplary embodiment of the present invention will be de-
scribed with reference to FIG. 1 to FIG. 7. FIG. 1 is a
layout view of the liquid crystal display according to the
exemplary embodiment of the present invention. FIG. 2
is a cross-sectional view of the liquid crystal display taken
along the line -1l of FIG. 1. FIG. 3 is a layout view of the
first subpixel electrode of the liquid crystal display of FIG.
1. FIG. 4 is a layout view of a portion of the first subpixel
electrode and the second subpixel electrode of the liquid
crystal display of FIG. 1. FIG. 5 is a cross-sectional view
of the liquid crystal display taken along the line V-V of
FIG. 1.FIG.6is a cross-sectional view of the liquid crystal
display taken along the line VI-VI of FIG. 1. FIG. 7 is a
cross-sectional view of the liquid crystal display taken
along the line VII-VII of FIG. 1.

[0030] Firstly, referring to FIG. 1 and FIG. 2, a liquid
crystal display according to the present exemplary em-
bodimentincludes a lower panel 100 and an upper panel
200 facing each other, and a liquid crystal layer 3 inter-
posed between the two display panels 100 and 200.
[0031] Firstly, the lower panel 100 will be described.
[0032] A gate line 121, a reference voltage line 131,
and a storage electrode 135 are formed on an insulation
substrate 110 made of transparent glass or plastic. The
gate line 121 transfers a gate signal and mainly extends
in a transverse direction.

[0033] The gate line 121 includes a first gate electrode
1243, a second gate electrode 124b, a third gate elec-
trode 124c, and a wide end (not shown) for electrical
connection with other layers or with an external driving
circuit.

[0034] The reference voltage line 131 may extend in
parallel to the gate line 121 and may have an expansion
136, where the expansion 136 is connected to a third
drain electrode 175c that will be described later.

[0035] Thereference voltageline 131 includes the stor-
age electrode 135 enclosing a pixel area.

[0036] Agateinsulatinglayer 140 isformed on the gate
line 121, the reference voltage line 131, and the storage
electrode 135.

[0037] A first semiconductor 154a, a second semicon-
ductor 154b, and a third semiconductor 154¢ that may
be made of amorphous silicon or crystalline silicon, are
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positioned on the gate insulating layer 140.

[0038] A plurality of ohmic contacts 163a, 163b, 163c,
165a, and 165b are formed on the first semiconductor
154a, the second semiconductor 154b, and the third
semiconductor 154c. When the semiconductors 154a,
154b, and 154c¢ are formed with an oxide semiconductor,
the ohmic contacts may be omitted.

[0039] Data conductor 171,173a, 173b 173c, 175a,
175b, and 175c, including a data line 171 that has a first
source electrode 173a and a second source electrode
173D, a first drain electrode 175a, a second drain elec-
trode 175b, a third source electrode 173c, and a third
drain electrode 175c, is formed on the ohmic contacts
163a, 163b, 163c, 165a, and 165b and the gate insulating
layer 140.

[0040] The second drain electrode 175b is connected
to the third source electrode 173c.

[0041] The first gate electrode 124a, the first source
electrode 173a, and the first drain electrode 175a form
a first thin film transistor Qa along with the first semicon-
ductor 154a, and a channel of this thin film transistor is
formed in the semiconductor 154a between the first
source electrode 173a and the first drain electrode 175a.
Similarly, the second gate electrode 124b, the second
source electrode 173b, and the second drain electrode
175b form a second thin film transistor Qb along with the
second semiconductor 154b, and a channel of this thin
film transistor is formed in the semiconductor 154b be-
tween the second source electrode 173b and the second
drain electrode 175b. Likewise, the third gate electrode
124c, the third source electrode 173c, and the third drain
electrode 175c form a third thin film transistor Qc along
with the third semiconductor Qc, and a channel of this
thin film transistor is formed in the semiconductor 154c
between the third source electrode 173c and the third
drain electrode 175c.

[0042] Afirstpassivationlayer 180a, that may be made
of an inorganic insulator such as silicon nitride or silicon
oxide, is formed on the data conductors 171,173a, 173b,
173c, 175a, 175b, and 175c and exposed portions of the
semiconductors 154a, 154b, and 154c.

[0043] A color filter 230 is positioned on the first pas-
sivation layer 180a.

[0044] A light blocking member (not shown) is posi-
tioned on a region where the color filter 230 is not posi-
tioned, as well as on a portion of the color filter 230. The
light blocking member is referred to as a black matrix and
prevents light leakage.

[0045] An overcoat (capping layer) 80 is positioned on
the color filter 230. The overcoat 80 prevents peeling of
the color filter 230 and the light blocking member, and
suppresses contamination of the liquid crystal layer 3 by
an organic material of the solvent that inflows from the
color filter 230, so that it prevents defects such as after-
images that may occur when an image is driven.
[0046] A first subelectrode 191a1 of a first subpixel
electrode 191a is formed on the overcoat 80.

[0047] Referringto FIG. 3, the first subelectrode 191a1
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of the first subpixel electrode 191a has a plane shape (i.
e. is at least approximately planar) positioned at the cent-
er of the pixel area, and includes a cross-shaped con-
nection and four parallelograms positioned near the
cross-shaped connection and enclosing, or surrounding,
the cross-shaped connection. In FIG. 3, the four paral-
lelograms form the two chevron-shaped structures di-
rectly above and below the cross-shaped connection. A
first expansion 193 is positioned at a center portion of
the cross-shaped connection. Also, a protrusion extend-
ing upward and downward from a transverse center por-
tion of the pixel area is provided. The first subelectrode
191a1 of the first subpixel electrode 191a is positioned
over a portion of the pixel area.

[0048] A second passivation layer 180b is formed on
the overcoat 80 and the first subelectrode 191a1 of the
first subpixel electrode 191a.

[0049] A second subelectrode 191a2 of the first sub-
pixel electrode 191a, and the second subpixel electrode
191b, are formed on the second passivation layer 180b.
[0050] Referring to FIG. 4, the second subelectrode
191a2 of the first subpixel electrode 191a is positioned
at the center portion of the pixel, and generally outlines
a rhombus shape. The second subelectrode 191a2 of
the first subpixel electrode 191a includes a cross-shaped
stem having a transverse portion and a longitudinal por-
tion, and a plurality of first branch electrodes extending
from the cross-shaped stem. The first branch electrodes
extend in four directions.

[0051] The second subpixel electrode 191bincludes a
first region overlapping the first subelectrode 191a1 of
the first subpixel electrode 191a, and a second region.
The first region of the second subpixel electrode 191b
overlaps the first subelectrode 191a1 of the first subpixel
electrode 191a via an insulating layer (i.e. the second
passivation layer 180b), and includes a plurality of sec-
ond branch electrodes extending in the same directions
as those of a plurality of the first branch electrodes of the
second subelectrode 191a2 of the first subpixel electrode
191a.

[0052] The second region of the second subpixel elec-
trode 191bincludes a planar plate portion with a trapezoid
shape, and a plurality of the third branch electrodespo-
sitioned outside the plate portion and extending in a di-
rection parallel to the plurality of the second branch elec-
trodes. The plate shape is a plate shape as it is without
splitting.

[0053] The first passivation layer 180a and the over-
coat 80 have a first contact hole 185a exposing a portion
of the first drain electrode 175a, and the first passivation
layer 180a, the overcoat 80, and the second passivation
layer 180b have a second contact hole 185b exposing a
portion of the second drain electrode 175b. Also, the sec-
ond passivation layer 180b has a third contact hole 186
exposing a center portion of the first subelectrode 191a1
of the first subpixel electrode 191a. The first passivation
layer 180a and the overcoat 80 have a fourth contact
hole 185c¢ exposing the expansion 136 of the reference
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voltage line 131 and a portion of the third drain electrode
175c.

[0054] Thefirstsubelectrode 191a1 ofthefirst subpixel
electrode 191a is physically and electrically connected
to the first drain electrode 175a through the first contact
hole 185a, and the second subpixel electrode 191b is
physically and electrically connected to the second drain
electrode 175b through the second contact hole 185b.
Also, the second subelectrode 191a2 of the first subpixel
electrode 191a is connected to the first expansion 193
of the first subelectrode 191a1 of the first subpixel elec-
trode 191a through the third contact hole 186 formed in
the second passivation layer 180b. The expansion 136
of the reference voltage line 131 is connected to a portion
of the third drain electrode 175c by a connecting member
195 disposed on the fourth contact hole 185c. The con-
necting member 195 may be formed with the same layer
as the second subpixel electrode 191.

[0055] The first subpixel electrode 191a and the sec-
ond subpixel electrode 191b receive the data voltage
from the first drain electrode 175a and the second drain
electrode 175b, through the first contact hole 185a and
the second contact hole 185b respectively.

[0056] Now, the upper panel 200 will be described.
[0057] A light blocking member 220 and a common
electrode 270 are formed on an insulation substrate 210
made of transparent glass or plastic.

[0058] However, in the case of a liquid crystal display
according to another exemplary embodiment of the
present invention, the light blocking member 220 may
instead be positioned on the lower panel 100, and in the
case of a liquid crystal display according to another ex-
emplary embodiment of the present invention, the color
filter may instead be positioned on the upper panel 200.
[0059] Alignmentlayers (not shown) are formed on an
inner surface of the display panels 100 and 200, and they
are vertical alignment layers.

[0060] A polarizer (not shown) may be provided on the
outer surface of each of the two display panels 100 and
200, and itis preferable that transmissive axes of the two
polarizers may be orthogonal to each other and that any
one transmissive axis is parallel to the gate line 121. How-
ever, the polarizer may alternatively be disposed only at
one outer surface of the two display panels 100 and 200.
[0061] The liquid crystal layer 3 has negative dielectric
anisotropy, and liquid crystal molecules of the liquid crys-
tal layer 3 may be aligned so that long axes thereof are
perpendicular with respect to the surface of the two dis-
play panels 100 and 200 when no electric field is applied.
Therefore, the incident light does not pass through the
crossed polarizers butis blocked when there is no applied
electric field.

[0062] At least one of the liquid crystal layer 3 and the
alignment layer may include a photoreactive material, in
detail, a reactive mesogen.

[0063] Next, adriving method of a liquid crystal display
according to the present exemplary embodiment will be
described.
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[0064] If agate-onsignalis applied to the gate line 121,
the first gate electrode 124a, the second gate electrode
124b, and the third gate electrode 124c receive the gate-
on signal such that the first switching element Qa, the
second switching element Qb, and the third switching
element Qc are each turned on. Accordingly, the data
voltage applied to the data line 171 is applied to the first
subpixel electrode 191a and the second subpixel elec-
trode 191b through the turned-on first switching element
Qa and second switching element Qb. The voltage ap-
plied to the second subpixel electrode 191b is divided
through the third switching element Qc connected in se-
ries to the second switching element Qb. Accordingly,
the voltage applied to the second subpixel electrode 191b
is lower than the voltage applied to the first subpixel elec-
trode 191a.

[0065] Again, referring to FIG. 1, one pixel area of the
liquid crystal display according to the present exemplary
embodimentincludes a first region R1 where the second
subelectrode 191a2 of the first subpixel electrode 191a
is positioned, a second region R2 where a portion of the
first subelectrode 191a1 of the first subpixel electrode
191aand a portion of the second subpixel electrode 191b
overlap each other, and a third region R3 where a portion
of the second subpixel electrode 191b is positioned.
[0066] The first region R1, the second region R2, and
the third region R3 respectively include four subregions.
In four subregions, the liquid crystal molecules are
aligned in different directions.

[0067] An area of the second region R2 may be about
two times the area of the first region R1, and the area of
the third region R3 may be about two times the area of
the second region R2.

[0068] Next, the first region R1, the second region R2,
and the third region R3 included in one pixel area of a
liquid crystal display according to the present exemplary
embodiment will be described with reference to FIG. 5
to FIG. 7.

[0069] Referring to FIG. 5, in the first region R1 of one
pixel area of the liquid crystal display according to the
present exemplary embodiment, the second subelec-
trode 191a2 of the first subpixel electrode 191a and the
common electrode 270 generate the electric field. As
above, the second subelectrode 191a2 of the first sub-
pixel electrode 191a includes a cross-shaped stem and
a plurality of first branch electrodes extending in four dif-
ferent directions. The plurality of first branch electrodes
may be inclined with an angle of about 40 degrees to
about 45 degrees with respect to the gate line 121. When
a fringe field is generated at the edge of the plurality of
first branch electrodes, the liquid crystal molecules of the
liquid crystal layer 3 positioned at the first region R1 are
inclined in four different directions. In detail, the horizontal
component of the fringe field generated by the plurality
of first branch electrodes is parallel to the edge of the
plurality of first branch electrodes, such that the liquid
crystal molecules are oriented in the length direction par-
allel to the plurality of first branch electrodes.
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[0070] Referring to FIG. 6, in the second region R2 of
one pixel area of the liquid crystal display according to
the present exemplary embodiment, the first region of
the second subpixel electrode 191b and the first sube-
lectrode 191a1 of the first subpixel electrode 191a over-
lap each other. Accordingly, the liquid crystal molecules
of the liquid crystal layer 3 are arranged according to the
electric field formed between thefirstregion of the second
subpixel electrode 191b and the common electrode 270,
the electric field formed between the part of the first sub-
electrode 191a1 that is exposed between the plurality of
second branch electrodes of the first region of the second
subpixel electrode 191b and the common electrode 270,
and the electric field formed between the first region of
the second subpixel electrode 191b and the first sube-
lectrode 191a1 of the first subpixel electrode 191a.
[0071] Next, referring to FIG. 7, in the third region R3
of one pixel area of the liquid crystal display according
to the present exemplary embodiment, the second region
of the second subpixel electrode 191b and the common
electrode 270 together generate the electric field. At this
time, a portion of the second region of the second sub-
pixel electrode 191b has a plate shape and the remaining
portion has a plurality of third branch electrodes. Thus,
through the plate shape of the second subpixel electrode
191b, the transmittance of the liquid crystal display may
beincreased. The liquid crystal molecules positioned cor-
responding to the portion of the second subpixel elec-
trode 191b having the plate shape are inclined by the
fringe field formed by the plurality of second branch elec-
trodes and the plurality of third branch electrodes in dif-
ferent directions, such that the liquid crystal molecules
are slanted in the length direction of the plurality of sec-
ond branch electrodes and the plurality of third branch
electrodes.

[0072] As described above, the magnitude of the sec-
ond voltage applied to the second subpixel electrode
191b is smaller than the magnitude of the first voltage
applied to the first subpixel electrode 191a.

[0073] Accordingly, the intensity of the electric field ap-
plied to the liquid crystal layer positioned at the first region
R1 is largest and the intensity of the electric field applied
to the liquid crystal layer positioned at the third region R3
is smallest. The second region R2 is influenced by the
electric field of the first subpixel electrode 191a posi-
tioned under the second subpixel electrode 191b, such
that the intensity of the electric field applied to the liquid
crystal layer positioned atthe second region R2is smaller
than the intensity of the electric field applied to the liquid
crystal layer positioned at the firstregion R1, and is larger
than the intensity of the electric field applied to the liquid
crystal layer positioned at the third region R3.

[0074] As described above, one pixel area of the liquid
crystal display according to an exemplary embodiment
of the presentinvention is divided into afirstregion where
afirst subpixel electrode has arelatively high first voltage,
a second region where the portion of the first subpixel
electrode with the relatively high first voltage and a por-
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tion of the second subpixel electrode having a relatively
low second voltage overlap each other via an insulating
layer interposed therebetween, and a third region where
the second subpixel electrode with the relatively low sec-
ond voltage is positioned. Accordingly, the intensities of
the electric field applied to the liquid crystal molecules
corresponding to the first region, the second region, and
the third region are different such that the inclination an-
gles of the liquid crystal molecules are different, thereby
realizing a different luminance for each region. By divid-
ing one pixel area into three regions of differing luminanc-
es, the change in transmittance according to gray shade
may be made smoother, thereby preventing a sharp
change of transmittance due to a gray change from a low
gray to a high gray at the side, while making the lateral
visibility approximately the same as the front visibility.
Accordingly, gray expression in low gray and high gray
is improved.

[0075] Next, a liquid crystal display according to one
experimental example of the present invention will be
described with reference to FIG. 8. FIG. 8 is a graph of
a transmittance according to a voltage in a liquid crystal
display according to experiment carried out on embodi-
ments of the present invention.

[0076] In the present experimental example, like the
liquid crystal display according to an exemplary embod-
iment of the presentinvention, for a case that the intensity
of the voltage applied to the second subpixel electrode
191b is smaller than the voltage applied to the first sub-
pixel electrode 191a and a case that the intensity of the
voltage applied to the second subpixel electrode 191b is
larger than the voltage applied to the first subpixel elec-
trode 191a, a transmittance(H) according to the voltage
of the first region R1, a transmittance(L) according to the
voltage of the third region R3, and transmittance(C1 and
C2) according to the voltage of the second region R2 are
measured and are shown as a graph.

[0077] Referringto FIG. 8, like the liquid crystal display
according to an exemplary embodiment of the present
invention, in the case in which the intensity of the voltage
applied to the second subpixel electrode 191b is smaller
than the voltage applied to the first subpixel electrode
1913, the curve of the transmittance C1 according to the
voltage of the second region R2 is positioned between
the curve of the transmittance H according to the voltage
of the first region R1 and the curve of the transmittance
L according to the voltage of the third region R3. How-
ever, in the case C2 in which the intensity of the voltage
applied to the second subpixel electrode 191b is larger
than the intensity of the voltage applied to the first sub-
pixel electrode 191a, referring to the curve of the trans-
mittance C2 according to the voltage of the second region
R2, the transmittance value for the voltage of the second
region R2 is slightly larger than the transmittance value
according to the voltage of the first region R1, and the
difference is small.

[0078] Like the liquid crystal display according to an
exemplary embodiment of the present invention, the por-
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tion of the first subpixel electrode 191a with a relatively
high applied voltage is disposed under the second region
R2 and the portion of the second subpixel electrode 191b
with a relatively low applied voltage is disposed on the
second region R2. Thus, it may be confirmed that three
regions having different transmittance may exist for the
same applied voltage, and the transmittance change of
the three regions may be sequentially generated. That
is, in the case of the liquid crystal display according to
an exemplary embodiment of the present invention, one
pixel area is divided into three regions having different
luminance that are sequentially changed.

[0079] Also, at least two of the first region, the second
region, and the third region at least partially overlap each
other. In particular, a portion of the first subpixel electrode
having the first applied voltage and the portion of the
second subpixel electrode having the second applied
voltage are overlapped such that the transmittance de-
terioration generated in the region between the first sub-
pixel electrode and the second subpixel electrode may
be prevented, thereby increasing the overall transmit-
tance.

[0080] Next,aliquid crystaldisplay according to a com-
parative example will be described with reference to FIG.
9 to FIG. 15. FIG. 9 is a layout view of the liquid crystal
display according to a comparative example. FIG. 10 is
a layout view of the first subpixel electrode of the liquid
crystal display of FIG. 9. FIG. 11 is a layout view of a
portion of the first subpixel electrode and the second sub-
pixel electrode of the liquid crystal display of FIG. 9. FIG.
12 is a layout view of the second subpixel electrode of
the liquid crystal display of FIG. 9. FIG. 13 is a cross-
sectional view of the liquid crystal display of FIG. 9 taken
along the line XIII-XIII. FIG. 14 is a cross-sectional view
of the liquid crystal display of FIG. 9 taken along the line
XIV-XIV. FIG. 15 is a cross-sectional view of the liquid
crystal display of FIG. 9 taken along the line XV-XV.
[0081] Referring to FIG. 9 to FIG. 15, the liquid crystal
display according to the comparative example is similar
to the liquid crystal display according to the exemplary
embodiment described with reference to FIG. 1 to FIG.
7. Detailed description of the same reference numerals
is omitted for brevity and clarity.

[0082] In the liquid crystal display according to the
present comparative example, like the liquid crystal dis-
play according to the exemplary embodiment described
with reference to FIG. 1to FIG. 7, one pixel areais divided
into a first region R1 where the first subpixel electrode
that receives a relatively high first voltage is positioned,
a second region R2 where the portion of the first subpixel
electrode and the portion of the second subpixel elec-
trode each receive a relatively low second voltage and
overlap each other via the insulating layer interposed
therebetween, as well as a third region R3 where the
second subpixel electrode receives a relatively low sec-
ond voltage. The area of the second region R2 may be
about two times the area of the first region R1, and the
area of the third region R3 may be about two times the
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area of the second region R2.

[0083] Referring to FIG. 9 and FIG. 10, in the liquid
crystal display according to the present comparative ex-
ample, differently from the liquid crystal display according
to the exemplary embodiment described with reference
to FIG. 1 to FIG. 7, the first subpixel electrode 191a is
not divided into the first subelectrode 191a1 and the sec-
ond subelectrode 191a2. Also, the first subpixel electrode
191a has a plate or flat, planar shape mainly positioned
at the center portion of the pixel.

[0084] Also, referring to FIG. 11 along with FIG. 9, the
second passivation layer 180b is an insulating layer po-
sitioned between the first subpixel electrode 191a, and
the second subpixel electrode 191b has a plurality of
openings 83. The plurality of openings 83 has a grouped
shape in which four right triangles are positioned at the
center and are gathered together so that their shorter
sides all face inward toward each other, thereby collec-
tively creating an outer shape similar to a rhombus.
[0085] Referring to FIG. 13, in the first region R1 of the
liquid crystal display according to the present compara-
tive example, the first subpixel electrode 191a positioned
at the lower panel 100 and having a relatively high first
applied voltage, together with the common electrode 270
positioned at the upper panel 200, act to generate the
electric field. At this time, the liquid crystal molecules are
inclined in four different directions by the openings 83
formed in the second passivation layer 180b. In detail,
referringtoFIG. 9, FIG.10,FIG. 11,and FIG. 13, because
of the plurality of openings 83 formed in the second pas-
sivation layer 180b, liquid crystal molecules 31 positioned
on the first subpixel electrode 191a are inclined in direc-
tions perpendicular to the edges of the openings 83.
[0086] Referring to FIG. 12 along with FIG. 9, the first
region of the second subpixel electrode 191b, which
overlaps the first subpixel electrode 191a, includes a plu-
rality of second branch electrodes 194a extending in four
directions. However, a second region 194b of the second
subpixel electrode 191b that does not overlap the first
subpixel electrode 191a has a flat, plate-type shape and
has a cutout 92 formed along its outer edge, and along
the edge of the pixel area. The liquid crystal molecules
positioned near the second region 194b are influenced
by the liquid crystal molecules positioned corresponding
to the first region of the second subpixel electrode 191b,
and are thus inclined in directions parallel to the length
directions of the second branch electrodes 194a. In other
words, liquid crystal molecules in this area are influenced
by the fringe filed formed by the outer edge of the second
subpixel electrode 191b, thereby being inclined in direc-
tions parallel to the length directions of the second branch
electrodes.

[0087] Atthis time, the cutout 92 formed along with the
edge of the second subpixel electrode 191b reduces the
influence of the fringe field formed at the edge of the
second subpixel electrode 191b, so that the liquid crystal
molecules positioned at the edge of the pixel area are
prevented from being inclined in directions vertical to the
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edge of the pixel area. Thereby, the liquid crystal mole-
cules positioned at the edge of the pixel area are inclined
in directions parallel to the length direction of the second
branch electrodes. Accordingly, transmittance reduction
may be prevented or ameliorated.

[0088] Referring to FIG. 14, in the second region R2
of one pixel area of a liquid crystal display according to
the present exemplary embodiment, the first region of
the second subpixel electrode 191b overlaps a portion
of the first subpixel electrode 191a. Accordingly, the liquid
crystal molecules of the liquid crystal layer 3 are arranged
according to the influence of each of (1) the electric field
formed between the third subregion of the second sub-
pixel electrode 191b and the common electrode 270, (2)
the electric field formed between the common electrode
270 and the first subpixel electrode 191a positioned be-
tween the plurality of second branch electrodes of the
first region of the second subpixel electrode 191b, and
(3) the electric field formed between the first region of
the second subpixel electrode 191b and the first subpixel
electrode 191a.

[0089] Next, referring to FIG. 15, in the third region R3
of one pixel area of a liquid crystal display according to
the present comparative example, the second subpixel
electrode 191b positioned at the lower panel 100 and the
common electrode 270 positioned at the upper panel 200
together generate the electric field.

[0090] As described above, one pixel area of a liquid
crystal display according the comparative example is di-
vided into a first region where the first subpixel electrode
is present but not the second subpixel electrode and the
first subpixel electrode is to have a relatively high first
voltage applied, a second region where a portion of the
first subpixel electrode and a portion of the second sub-
pixel electrode overlap each other and are to have a rel-
atively low second voltage applied, and a third region
where the second subpixel electrode is present but not
the first subpixel electrode and the second subpixel elec-
trode is to have a relatively low second voltage applied.
Accordingly, the intensities of the electric field applied to
the liquid crystal molecules corresponding to the first re-
gion, the second region, and the third region are different,
such that the inclination angles of the liquid crystal mol-
ecules are different, thereby realizing a different lumi-
nance for each region. In this manner, by dividing one
pixel area into three regions of differing luminances, the
change in transmittance according to gray value may be
made smoother. By preventing sharp change in trans-
mittance according to gray change in the low gray and
the high gray at the side, while approximating the lateral
visibility to the front visibility, the gray expression in the
low gray and the high gray is improved.

[0091] Also, thefirstregion, the second region, and the
third region of one pixel area are not separated from each
other, and the portion of the first subpixel electrode ap-
plied with the first voltage and the portion of the second
subpixel electrode applied with the second voltage are
overlapped such that transmittance deterioration gener-
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ated in the region between the first subpixel electrode
and the second subpixel electrode may be prevented,
thereby increasing the overall transmittance.

[0092] Many characteristics of the liquid crystal display
according to the exemplary embodiment described with
reference to FIG. 1 to FIG. 7 may be applied to the liquid
crystal display according to the present comparative ex-
ample.

[0093] Next, a liquid crystal display according to an-
other comparative example will be described with refer-
ence to FIG. 16 to FIG. 22. FIG. 16 is a layout view of
the liquid crystal display according to another compara-
tive example.

[0094] FIG. 17 is alayout view of the first subpixel elec-
trode of the liquid crystal display of FIG. 16. FIG. 18 is a
layout view of a portion of an insulating layer of the liquid
crystal display of FIG. 16. FIG. 19 is a layout view of the
second subpixel electrode of the liquid crystal display of
FIG. 16. FIG. 20 is a cross-sectional view of the liquid
crystal display of FIG. 16 taken along the line XX-XX.
FIG. 21 is a cross-sectional view of the liquid crystal dis-
play of FIG. 16 taken along the line XXI-XXI. FIG. 22 is
a cross-sectional view of the liquid crystal display of FIG.
16 taken along the line XXII-XXII.

[0095] Referring to FIG. 16 to FIG. 22, a liquid crystal
display according to the present comparative example is
similar to the liquid crystal display according to the ex-
emplary embodiment described with reference to FIG. 1
to FIG. 7 and the liquid crystal display according to the
comparative example described with reference to FIG. 9
to FIG. 15. The detailed description foridentical reference
numerals is thus omitted.

[0096] In the liquid crystal display according to the
present comparative example like the liquid crystal dis-
play according to the exemplary embodiment described
withreference to FIG. 1to FIG. 7, one pixel areais divided
into a first region R1 where the first subpixel electrode
receives a relatively high first voltage, the second region
R2 where a portion of the first subpixel electrode and an
overlapping portion of the second subpixel electrode re-
ceive a relatively low second voltage, and the third region
R3 where the second subpixel electrode also receives
the relatively low second voltage. The area of the second
region R2 may be about two times the area of the first
region R1, and the area of the third region R3 may be
about two times the area of the second region R2.
[0097] ReferringtoFIG.16andFIG. 17,inaliquid crys-
tal display according to the present comparative exam-
ple, differently from the liquid crystal display according
to the exemplary embodiment described with reference
to FIG. 1 to FIG. 7, the first subpixel electrode 191a is
not divided into a first subelectrode 191a1 and a second
subelectrode 191a2, and the first subpixel electrode 191a
has a shape when viewed in plan view, where this shape
is mainly positioned at the center portion of the pixel.
[0098] Referring to FIG. 18 along with FIG. 16, in a
liquid crystal display according to the present compara-
tive example, like the comparative example shown in
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FIG. 9 to FIG. 15, the second passivation layer 180b is
an insulating layer positioned between the first subpixel
electrode 191a and the second subpixel electrode 191b,
and has a plurality of openings 83. The plurality of open-
ings 83 have a grouped shape in which four right triangles
are positioned at the center and are gathered together
with their shorter sides facing each other, so that their
collective outer shape is similar to a rhombus.

[0099] Referringto FIG. 19 along with FIG. 16, the sec-
ond subpixel electrode 191b of the liquid crystal display
according to the present comparative example has a plu-
rality of fourth branch electrodes 194c in the region over-
lapping the first subpixel electrode 191a, as well as ex-
tending to the outer edges of electrode 191b. According-
ly, in addition to the second region R2 where the first
subpixel electrode 191a and the second subpixel elec-
trode 191b overlap, the liquid crystal molecules posi-
tioned at the third region R3 where only the second sub-
pixel electrode 191b is positioned are all inclined parallel
to the length direction of the fourth branch electrode by
the influence of the fringe field formed by the fourth
branch electrodes.

[0100] Referring to FIG. 20, in the first region R1 of a
liquid crystal display according to the present compara-
tive example the first subpixel electrode 191a and the
common electrode 270 collectively generate an electric
field. Atthis time, the liquid crystal molecules are inclined
in four different directions by the openings 83 formed in
the second passivation layer 180b. In detail, referring to
FIG. 15, FIG. 16, FIG. 17, and FIG. 19, the liquid crystal
molecules 31 positioned on the first subpixel electrode
191a are inclined perpendicular to the edge of the open-
ings 83, and thereby the inclination directions of the liquid
crystal molecules 31 are different in the different regions
of the pixel.

[0101] Referring to FIG. 21, in the second region R2
of one pixel area of a liquid crystal display according to
the present comparative example the illustrated portion
of the second subpixel electrode 191b overlaps the
shown portion of the first subpixel electrode 191a. Ac-
cordingly, nearby liquid crystal molecules of the liquid
crystal layer 3 are oriented by the electric field formed
between the second subpixel electrode 191b and the
common electrode 270, the electric field formed between
the first subpixel electrode 191a positioned between the
plurality of fourth branch electrodes of the second sub-
pixel electrode 191b and the common electrode 270, and
the electric field formed between the plurality of fourth
branch electrodes of the second subpixel electrode 191b
and the first subpixel electrode 191a.

[0102] Referring to FIG. 22, in the third region R3 of
one pixel area of a liquid crystal display according to the
present comparative example, the second subpixel elec-
trode 191b positioned at the lower panel 100 and the
common electrode 270 positioned at the upper panel 200
together generate the electric field.

[0103] As described above, one pixel area of a liquid
crystal display according to a comparative example is
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divided into a first region where the first subpixel elec-
trode is present and receives a relatively high first volt-
age, a second region where a portion of the first subpixel
electrode overlaps portion of the second subpixel elec-
trode and each receives a relatively low second voltage,
and a third region where the second subpixel electrode
is present and receives the relatively low second voltage.
Accordingly, the intensities of the electric field applied to
the liquid crystal molecules corresponding to the first re-
gion, the second region, and the third region are different,
so that the inclination angles of the liquid crystal mole-
cules are different, thereby creating a different luminance
foreachregion. Thus, by dividing one pixel areainto three
regions having different luminances, the change in trans-
mittance according to gray value may be made smoother.
By preventing sharp change in transmittance according
to gray change in the low gray and the high gray at the
side, while approximating the lateral visibility to the front
visibility, the gray expression in the low gray and the high
gray is improved.

[0104] Also, the firstregion, the second region, and the
third region of one pixel area are not separated from each
other, and the portion of the first subpixel electrode ap-
plied with the first voltage overlaps the portion of the sec-
ond subpixel electrode applied with the second voltage,
such that the transmittance deterioration generated in
the region between the first subpixel electrode and the
second subpixel electrode may be prevented, thereby
increasing the overall pixel transmittance.

[0105] Many characteristics of a liquid crystal display
according to the exemplary embodiment described with
reference to FIG. 1 to FIG. 7 and a liquid crystal display
according to the comparative example described with ref-
erence to FIG. 9 to FIG. 15 may be applied to a liquid
crystal display according to the present comparative ex-
ample.

[0106] Next, a brightness change of the liquid crystal
display according to an experimental example of the
presentinvention will be described with reference to FIG.
231to FIG. 25. FIG. 23 to FIG. 25 are electron microscopy
pictures showing a brightness change of the liquid crystal
display according to an experimental display constructed
according to an embodiment and comparative examples
of the present invention.

[0107] In the present experimental example, after
forming a liquid crystal display according to the exem-
plary embodiment shown in FIG. 1, and the comparative
examples shown in FIG. 9, and FIG. 16, while changing
the intensity of the electric field applied to the liquid crystal
layer, the brightness of one pixel was measured by elec-
tron microscopy.

[0108] FIG. 23 shows aresultfor aliquid crystal display
constructed according to the exemplary embodiment
shown in FIG. 1, FIG. 24 shows a result for a liquid crystal
display constructed according to the comparative exam-
ple shown in FIG. 9, and FIG. 25 shows a result for a
liquid crystal display constructed according to the com-
parative example shown in FIG. 16.
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[0109] Referring to FIG. 23, for a liquid crystal display
according to an exemplary embodiment of the present
invention, as the intensity of the electric field applied to
the liquid crystal layer is increased, the brightness is in-
creased in the first, second, and third regions sequen-
tially. Also, the transmittance change of the first region,
the second region, the third region is readily seen.
[0110] In this manner, by forming different subregions
having three different transmittances, the lateral visibility
may be controlled to be close to the front visibility.
[0111] Next, a transmittance change according to a
voltage for a liquid crystal display according to another
experimental example of the present invention will be
described with reference to FIG. 26. FIG. 26 is a graph
of transmittance change according to a voltage in a liquid
crystal display according to another experimental exam-
ple of the present invention.

[0112] In the present experimental example, for a first
case in which one pixel area is divided into a region oc-
cupied by a first subpixel electrode and a region occupied
by a second subpixel electrode as in conventional liquid
crystal displays, and a second case in which one pixel
area is divided into three regions as in the embodiments
described above, a transmittance change A according to
gray seen in the front of the liquid crystal display and
transmittance changes B1 and B2 according to gray seen
at a side of the liquid crystal display are compared. In
FIG. 26, the transmittance change according to gray seen
at the side of the liquid crystal display for the first case
is indicated by B1, and the transmittance change accord-
ing to gray at the side of the liquid crystal display for the
second case is indicated by B2.

[0113] Referring to FIG. 26, the curve B2 is closer to
curve A than is curve B1. That is, the transmittance at
the sides of the three-region pixel areas of embodiments
of the invention more closely resembles the transmit-
tance at the front of a display than does the transmittance
at the sides of conventional two-region pixel areas. Par-
ticularly, the three-region display can be seen to exhibit
a more smoothly increasing transmittance than the two-
region display, with a more gradual increase in transmit-
tance at both low and high gray values. Thus, in liquid
crystal displays according to an exemplary embodiment
of the present invention, the transmittance change as a
function of gray value is made smoother, such that more
correct gray expression is possible. Accordingly, a liquid
crystal display according to an exemplary embodiment
of the present invention may prevent or reduce the de-
terioration of the display quality at higher viewing angles
and/or high and low gray values.

[0114] While thisinvention has been described in con-
nection with what is presently considered to be practical
exemplary embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifi-
cations and equivalent arrangements included within the
scope of the appended claims.
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Claims

A vertical-alignment-mode liquid crystal display
comprising:

a first substrate (110);

a first subpixel electrode (191a) positioned on
the first substrate (110) and connected to a pixel
circuitry to receive a first voltage;

a second subpixel electrode (191b) positioned
onthefirst substrate (110) and connected to said
pixel circuitry to receive a second voltage;

an insulating layer (180b) positioned between
the first subpixel electrode (191a) and the sec-
ond subpixel electrode (191b);

a second substrate (210) facing the first sub-
strate (110); and

a common electrode (270) positioned on the
second substrate (210) and configured to re-
ceive a common voltage;

wherein the second subpixel electrode (191b)
is positioned on top of the insulating layer (180b)
relative to the first substrate (110), character-
ized in that the first subpixel electrode (191a)
includes a first subelectrode (191a1) positioned
under the insulating layer (180b) and a second
subelectrode (191a2) positioned on top of the
insulating layer (180) relative to the first sub-
strate (110); in that the first subelectrode (191
a1) of the first subpixel electrode (191 a) over-
laps the second subpixel electrode (191 b) with
the insulating layer interposed therebetween,;
and in that the first subelectrode (191a1) and
the second subelectrode (191a2) are connected
to each other through a contact hole (186) pass-
ing through the insulating layer (180b).

2. The vertical-alignment-mode liquid crystal display of

claim 1, wherein said pixel circuitry comprises:

a gate line (121) formed on the first substrate
(110), wherein the gate line (121) includes a first
gate electrode (124a), a second gate electrode
(124b) and a third gate electrode (124c):

a data line (171) formed on the first sub-
strate (110), wherein the data line (171) in-
cludes afirst source electrode (173a), asec-
ond source electrode (173b), a first drain
electrode (175a), a second drain electrode
(175b), a third source electrode (173c), and
a third drain electrode (175c);

areference voltage line (131) formed on the
first substrate (110), wherein the reference
voltage line (131) is conntected ot the third
drain electrode (175c);

a first thin film transistor (Qa) comprising
the first gate electrode (124a), the first
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source electrode (173a), and the frist drain
electrode (175a)

asecond thin film transistor (Qb) comprising
the second gate electrode (124b), the sec-
ond source electrode (173b), and the sec-
ond drain electrode (175b);

a third thin film transistor (Qc) comprising
the third gate electrode (124c), the third
source electrode (173c), and the third drain
electrode (175c);

wherein the first subpixel electrode (191a)
is connected to the first drain electrode
(175a) of the first switching element (Qa) to
receive said first voltage, the second sub-
pixel electrode (191b) is connected to the
second drain electrode (175b) of the second
switching element (Qb) and in series to the
third source electrode (173c) of the third
switching element (Qc) to receive a division
of said first voltage as said second voltage,
whereby a difference between the first volt-
age and the common voltage is set larger
than a difference between the second volt-
age and the common voltage.

The vertical-alignment-mode liquid crystal display of
claim 1, wherein

the portion of the second subpixel electrode (191b)
includes a plurality of branch electrodes extending
in a plurality of different directions.

The vertical-alignment-mode liquid crystal display of
claim 1, wherein
at least part of the second subpixel electrode (191b)
besides the portion of the second subpixel electrode
(191b) is planar.

The vertical-alignment-mode liquid crystal display of
claim 4, wherein

the second subpixel electrode (191b) has a cutout
(92) formed proximate to at least one of its outer
edges.

The vertical-alignment-mode liquid crystal display of
claims 1, wherein each pixel area includes a first
region (R1) in which only the first subpixel electrode
(191a) among the subpixel electrodes (191a, 191b)
is positioned, a second region (R2) in which the first
subelectrode (191a1) of the first subpixel electrode
(191a) and the second subpixel electrode (191b)
overlap each other, and a third region (R3) in which
only the second subpixel electrode (191b) among
the subpixel electrodes (191a, 191b) is positioned.

The vertical-alignment-mode liquid crystal display of
claim 1 configured to receive said first voltage, said
second voltage and said common voltage such that
a difference between the first voltage and the com-
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mon voltage is larger than a difference between the
second voltage and the common voltage.

The vertical-alignment-mode liquid crystal display of
claim 6, wherein the area of the second region (R2)
is about two times the area of the first region (R1),
and the area of the third region (R3) is about two
times the area of the second region (R2).

Patentanspriiche

Flussigkristallanzeige im Vertikalausrichtungsmo-
dus, umfassend:

ein erstes Substrat (110);

eine erste Subpixelelektrode (191 a), die auf
dem ersten Substrat (110) angeordnet ist und
mit einer Pixelschaltung verbunden ist, um eine
erste Spannung zu empfangen;

eine zweite Subpixelelektrode (191 b), die auf
dem ersten Substrat (110) angeordnet ist und
mit der Pixelschaltung verbunden ist, um eine
zweite Spannung zu empfangen;

eine Isolierschicht (180b), die zwischen der ers-
ten Subpixelelektrode (191 a) und der zweiten
Subpixelelektrode (191 b) angeordnet ist;

ein zweites Substrat (210), das dem ersten Sub-
strat (110) zugewandt ist; und

eine gemeinsame Elektrode (270), die auf dem
zweiten Substrat (210) angeordnet ist und dafiir
ausgelegt ist, eine gemeinsame Spannung zu
empfangen;

wobei die zweite Subpixelelektrode (191 b) re-
lativ zum ersten Substrat (110) an der Oberseite
der Isolierschicht (180b) angeordnet ist,
dadurch gekennzeichnet,

dass die erste Subpixelelektrode (191 a) Fol-
gendes umfasst: eine erste Subelekirode
(191a1), die unter der Isolierschicht (180b) an-
geordnet ist, und eine zweite Subelektrode (191
a2), die relativ zum ersten Substrat (110) an der
Oberseite der Isolierschicht (180) angeordnet
ist;

dass die erste Subelektrode (191a1) der ersten
Subpixelelektrode (191 a) die zweite Subpixel-
elektrode (191 b) mit der dazwischen angeord-
neten Isolierschicht tberlappt; und

dass die erste Subelektrode (191a1) und die
zweite Subelektrode (191a2) durch ein Kontakt-
loch (186) miteinander verbunden sind, das
durch die Isolierschicht (180b) hindurchgeht.

2. Flussigkristallanzeige im Vertikalausrichtungsmo-

dus nach Anspruch 1, wobei die Pixelschaltung Fol-
gendes umfasst:

eine Gate-Leitung(121), die auf dem ersten
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Substrat (110) angeordnet ist, wobei die Gate-
Leitung (121) eine erste Gate-Elektrode (124a),
eine zweite Gate-Elektrode (124b) und eine drit-
te Gate-Elektrode (124c) umfasst;

eine Datenleitung (171), die aufdem ersten Sub-
strat (110) gebildet ist, wobei die Datenleitung
(171) eine erste Source-Elektrode (173a), eine
zweite Source-Elektrode (173b), eine erste
Drain-Elektrode (175a), eine zweite Drain-Elek-
trode (175b), eine dritte Source-Elektrode
(173c) und eine dritte Drain-Elektrode (175c)
umfasst;

eine Bezugsspannungsleitung (131), die auf
dem ersten Substrat (110) gebildet ist, wobeidie
Bezugsspannungsleitung (131) mit der dritten
Drain-Elektrode (175c) verbunden ist;

einen ersten Diinnschichttransistor (Qa), der die
erste Gate-Elektrode (124a), die erste Source-
Elektrode (173a) und die erste Drain-Elektrode
(175a) umfasst;

einen zweiten Dlnnschichttransistor (Qb), der
die zweite Gate-Elektrode (124b), die zweite
Source-Elektrode (173b) und die zweite Drain-
Elektrode (175b) umfasst;

einen dritten Diinnschichttransistor (Qc), der die
dritte Gate-Elektrode (124c), die dritte Source-
Elektrode (173c) und die dritte Drain-Elektrode
(175c) umfasst;

wobei die erste Subpixelelektrode (191 a) mit
der ersten Drain-Elektrode (175a) des ersten
Schaltelements (Qa) verbundenist, um die erste
Spannung zu empfangen;

wobei die zweite Subpixelelektrode (191 b) mit
der zweiten Drain-Elektrode (175b) des zweiten
Schaltelements (Qb) und in Reihe mit der dritten
Source-Elektrode (173c) des dritten Schaltele-
ments (Qc) verbunden ist, um eine Unterteilung
der ersten Spannung als zweite Spannung zu
empfangen,

wobei eine Differenz zwischen der ersten Span-
nung und der gemeinsamen Spannung gréf3er
als eine Differenz zwischen der zweiten Span-
nung und der gemeinsamen Spannung einge-
stellt ist.

FlUssigkristallanzeige im Vertikalausrichtungsmo-
dus nach Anspruch 1, wobei

der Abschnitt der zweiten Subpixelelektrode (191 b)
eine Vielzahl von Zweigelektroden einschlief3t, die
sich in einer Vielzahl unterschiedlicher Richtungen
erstrecken.

Flissigkristallanzeige im Vertikalausrichtungsmo-
dus nach Anspruch 1, wobei

wenigstens ein Teil der zweiten Subpixelelektrode
(191 b) aulRer dem Abschnitt der zweiten Subpixel-
elektrode (191 b) eben ist.
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Flussigkristallanzeige im Vertikalausrichtungsmo-
dus nach Anspruch 4, wobei

die zweite Subpixelelektrode (191 b) einen Aus-
schnitt (92) aufweist, derin der Nahe von wenigstens
einer ihrer Auflenkanten gebildet ist.

Flussigkristallanzeige im Vertikalausrichtungsmo-
dus nach Anspruch 1, wobei jeder Pixelbereich Fol-
gendes umfasst: einen ersten Bereich (R1), in dem
nur die erste Subpixelelektrode (191 a) von den Sub-
pixelelektroden (191 a, 191b) angeordnet ist, einen
zweiten Bereich (R2), in dem die erste Subelektrode
(191a1) der ersten Subpixelelektrode (191 a) und
die zweite Subpixelelektrode (191 b) einander tber-
lappen, und einen dritten Bereich (R3), in dem nur
die zweite Subpixelelektrode (191 b) von den Sub-
pixelelektroden (191 a, 191 b) angeordnet ist.

Flussigkristallanzeige im Vertikalausrichtungsmo-
dus nach Anspruch 1, die dafir ausgelegt ist, die
erste Spannung, die zweite Spannung und die ge-
meinsame Spannung zu empfangen, so dass eine
Differenz zwischen der ersten Spannung und der ge-
meinsamen Spannung grof3er als eine Differenz zwi-
schen der zweiten Spannung und der gemeinsamen
Spannung ist.

Flussigkristallanzeige im Vertikalausrichtungsmo-
dus nach Anspruch 6, wobei die Flache des zweiten
Bereichs (R2) etwa das Zweifache der Flache des
ersten Bereichs (R1) betragt und wobei die Flache
des dritten Bereichs (R3) etwa das Zweifache der
Flache des zweiten Bereichs (R2) betragt.

Revendications

Un affichage a cristaux liquides en mode alignement
vertical comprenant un premier substrat (110) ;
Une premiére électrode de sous-pixel (191 a) posi-
tionnée sur le premier substrat (110) et connectée a
un circuit de pixel pour recevoir une premiére
tension ;

Une deuxieme électrode de sous-pixel (191 b) posi-
tionnée sur le premier substrat (110) et connectée a
ce circuit de pixel pour recevoir une deuxiéme
tension ; Une couche d’isolation (180b) positionnée
entre la premiére électrode de sous-pixel (191 a) et
la deuxiéme électrode de sous-pixel (191 b) ;

Un deuxiéme substrat (210) faisant face au premier
substrat (110) ; et

Une électrode commune (270) positionnée sur le
deuxiéme substrat (210) et configurée pour recevoir
une tension commune ;

Ou la deuxiéme électrode de sous-pixel (191 b) est
positionnée au-dessus de la couche d’isolation
(180b) par rapport au premier substrat (110), carac-
térisée en ce que la premiére électrode de sous-
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pixel (191 a) inclut une premiére sous-électrode
(191a1) positionnée sous la couche d’isolation
(180b) et une deuxiéme sous-électrode (191 a2) po-
sitionnée au-dessus de la couche d’isolation (180)
par rapport au premier substrat (110) ; en ce que la
premiére sous-électrode (191a1) de la premiére
électrode de sous-pixel (191 a) chevauche ladeuxié-
me électrode de sous-pixel (191 b) avec la couche
d’isolation interposée entre les deux ;

Et en ce que

La premiere sous-¢électrode (191a1) et la deuxieme
sous-électrode (191 a2) au travers d’un trou de con-
tact (186) passant par la couche d’isolation (180b).

L’affichage a cristaux liquides en mode alignement
vertical de la revendication 1, ou ledit circuit de pixel
comprend :

Uneligne debarriere (121) formée surle premier
substrat (110), ou laligne de barriére (121) inclut
une premiere électrode de barriére (124a), une
deuxieme électrode de barriére (124b) et une
troisieme électrode de barriére (124c) :

Une ligne de donnée (171) formée sur le
premier substrat (110), ou la ligne de don-
née (171) inclut une premiere électrode
source (173a), une deuxiéme électrode
source (173b), une premiere électrode
drain (175a), une deuxieme électrode drain
(175b), une troisieme électrode source
(173c), et une troisieme électrode drain
(175c) ;

Une ligne de tension de référence (131) for-
mée sur le premier substrat (110), ou la li-
gne de tension de référence (131) est con-
nectée a la troisieme électrode drain
(175c) ;

Un premier transistor a couche mince (Qa)
comprenant la premiéere électrode de bar-
riere (124a), la premiére électrode source
(173a), et la premiere électrode drain
(175a)

Un deuxiéme transistor a couche mince
(Qb) comprenant la deuxiéme électrode de
barriere (124b), la deuxiéme électrode
source (173b), et la deuxieme électrode
drain (175b) ;

Un troisiéme transistor a couche mince (Qc)
comprenant la troisieme électrode de bar-
riere (124c), la troisieme électrode source
(173c), et la troisieme électrode drain
(175c) ;

Ou la premiére électrode de sous-pixel (191
a) est connectée a la premiére électrode
drain (175a) du premier élément de com-
mutation (Qa) pour recevoir ladite premiére
tension,
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La deuxiéme électrode de sous-pixel (191
b) est connectée a la deuxiéme électrode
drain (175b) du deuxiéme élément de com-
mutation (Qb) et en série pour la troisiéme
électrode source (173c) du troisieme élé-
ment de commutation (Qc) pour recevoir
une division de ladite premiére tension com-
me ladite deuxiéme tension, ou une diffé-
rence entre la premiére tension et la tension
commune estréglée plus grande qu’une dif-
férence entre la deuxiéme tension et la ten-
sion commune.

L’affichage a cristaux liquides en mode alignement
vertical de la revendication 1, ou la portion de la
deuxiéme électrode de sous-pixel (191 b) inclut une
pluralité d’électrode en branche s’étendant dans une
pluralité de directions différentes.

L’affichage a cristaux liquides en mode alignement
vertical de la revendication 1, ou au moins une partie
de la deuxieme électrode de sous-pixel (191 b) a
c6té de la portion de la deuxiéme électrode de sous-
pixel (191 b) est planaire.

L’affichage a cristaux liquides en mode alignement
vertical de la revendication 4, ou la deuxiéme élec-
trode de sous-pixel (191 b) posséde une découpe
(92) formée a proximité d’au moins un de ses bords
extérieurs.

L’affichage a cristaux liquides en mode alignement
vertical de la revendication 1, ou chaque zone de
pixel inclut une premiere région (R1) dans laquelle
seulement la premiére électrode de sous-pixel (191
a) parmi les électrodes de sous-pixel (191 a, 191 b)
est positionnée, une deuxiéme région (R2) dans la-
quelle la premiére sous-électrode (191a1) de la pre-
miére électrode de sous-pixel (191 a) et la deuxieme
électrode de sous-pixel (191 b) se chevauchentl'une
et I'autre, et une troisieme région (R3) dans laquelle
seulement la deuxieme électrode de sous-pixel (191
b) parmi les électrodes de sous-pixel (191 a, 191 b)
est positionnée.

L’affichage a cristaux liquides en mode alignement
vertical de larevendication 1, configuré pour recevoir
ladite premiére tension, ladite deuxieme tension et
ladite tension commune de sorte qu’une différence
entre la premiére tension et la tension commune est
supérieure a une différence entre la deuxiéme ten-
sion et la tension commune.

L’affichage a cristaux liquides en mode alignement
vertical de larevendication 6, oulazone de la deuxié-
me région (R2) et environ deux fois la zone de la
premiére région (R1), et la zone de la troisiéme ré-
gion (R3) est environ deux fois la zone de la deuxié-
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me région (R2).
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