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Description

CROSS-REFERENCE TO RELATED PATENT APPLI-
CATION

[0001] This application claims priority to Korean Patent
Application No. 10-2005-0083265, filed in the Korean In-
tellectual Property Office, on September 7, 2005.

BACKGROUND OF THE INVENTION

(a) Technical Field

[0002] The presentdisclosure relates to a liquid crystal
display.

(b) Discussion of the Related Art

[0003] Aliquidcrystal display includes two display pan-
els provided with field generating electrodes and a liquid
crystal layer disposed between the two panels. The field
generating electrodes may include a plurality of pixel
electrodes and a common electrode. Voltages are ap-
plied to the field generating electrodes to generate an
electric field in the liquid crystal layer. The electric field
determines the orientation of liquid crystal molecules of
the liquid crystal layer. These molecular orientations in
turn determine the transmittance of light passing through
the liquid crystal layer, thereby displaying an image by
controlling polarization of incident light.

[0004] The liquid crystal display also includes a switch-
ing element that is connected to each pixel electrode and
a plurality of signal lines which include gate and data
lines. A voltage may be applied to each pixel electrode
through the gate and data lines by controlling the switch-
ing element.

[0005] A liquid crystal display with a vertically aligned
mode has a long axis of liquid crystal molecules arranged
perpendicular to a vertical display panel. When an elec-
tric field is not applied, the liquid crystal display has a
large contrast ratio and a wide reference viewing angle.
An example of a wide reference viewing angle is a view-
ing angle in which a contrast ratio is 1:10.

[0006] A wide viewing angle in a liquid crystal display
with a vertical alignment mode may be produced by form-
ing a cutout and a protrusion on a field generating elec-
trode.

[0007] Since an inclination direction of a liquid crystal
molecule can be determined by a cutout and a protrusion,
areference viewing angle can be enlarged by distributing
an inclination direction of the liquid crystal molecule in
several directions when the cutouts and/or protrusions
are used.

[0008] Side visibility is improved by a method of ad-
justing transmittance by changing a voltage of two sub-
pixels by directly applying a voltage to one subpixel and
dropping a voltage through capacitive coupling in the oth-
er subpixel after dividing one pixel into two subpixels and
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coupling two subpixels through capacitive coupling.
[0009] However, in this method, transmittance of the
two subpixels cannot be accurately adjusted to a desired
level, and light transmittance changes depending on a
particular color. Further, the aperture ratio deteriorates
due to the addition of a conductor for capacitive coupling,
and transmittance decreases due to a voltage drop by
the capacitive coupling. Moreover, because it is difficult
to transmit light in a part with a protrusion or a cutout, the
aperture ratio deteriorates further as the number of pro-
trusions or cutouts increases.

[0010] It has been suggested that aperture ratio may
be increased by use of an ultra-high aperture ratio struc-
ture that enlarges a pixel electrode. However, a strong
lateral field is generated around the edge of a pixel elec-
trode because a distance between pixel electrodes is
short and a distance between a pixel electrode and a
data line is also short. Alignment of liquid crystal mole-
cules is distributed due to such a lateral field, whereby
texture or light leakage is generated and response time
is delayed.

[0011] Furthermore, a liquid crystal display with a ver-
tically aligned mode has lower side visibility than front
visibility. For example, in a liquid crystal display of a PVA
(patterned vertically aligned) mode with a cutout, an im-
age becomes bright towards the side, and in a serious
case, a picture distorted because there is no luminance
difference between high grays.

[0012] There is a need for a liquid crystal display with
improved transmittance, aperture ratio, and side visibility.
[0013] US 2004/0135147 A1 discloses a thin film tran-
sistor array panel, which includes an insulating substrate,
a first signal wire formed on the insulating substrate, a
second signal wire formed on the insulating substrate
and intersecting the first signal wire in an insulating man-
ner- First and second pixel electrodes are formed in a
pixel area defined by the intersections of the first and the
second signal wires. The first and second pixel elec-
trodes include a plurality of subareas partitioned by cut-
outs. A direction control electrode is formed in the pixel
area and includes a portion overlapping at least one of
the cutouts. A first thin film transistor is connected to the
direction control electrode, the first signal wire, and the
second signal wire.

[0014] US 2005/094082 A1 discloses a liquid crystal
display (LCD) with a direction control electrode and a
pixel electrode forming a capacitance in a pixel regions.
Gate lines are formed on the first substrate and extending
in the first direction. Data lines are intersecting the gate
lines and each data line has a bent shape. Pixel regions
are defined by the intersecting of the gate lines and the
data lines. The direction control electrode is formed at
the corresponding pixel region and electrically connected
to the corresponding data line. The pixel electrode is
formed atthe corresponding pixel region and has a shape
conformal to the corresponding pixel region. By adjusting
the capacitance between the direction control electrode
and the pixel electrode, liquid crystal stabillty is en-
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hanced.

[0015] EP-A-1 674 922 discloses a liquid crystal dis-
play, which includes a substrate and a pixel electrode
disposed on the substrate. The pixel electrode includes
a first subpixel electrode and a second subpixel elec-
trode, wherein the first subpixel electrode includes a first
electrode that includes at least two substantially paral-
lelogram-shaped electrode pieces forming a V-shaped
electrode. The second subpixel electrode includes a sec-
ond electrode disposed at a position different from the
first electrode, and the second electrode includes at least
two substantially parallelogram shaped electrode pieces
forming a V-shaped electrode.

SUMMARY OF THE INVENTION

[0016] The present invention provides a liquid crystal
display according to appended claims 1-18.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The embodiments of the present invention will
become more apparent by describing in detail exemplary
embodiments thereof with reference to the attached
drawings, in which:

FIG. 1 is a block diagram of a liquid crystal display
according to an exemplary embodiment of the
present invention;

FIG. 2 is an equivalent circuit diagram of two sub-
pixels of a liquid crystal display according to an ex-
emplary embodiment of the present invention;
FIGS. 3A to 4 are layout views of a pixel electrode
and a common electrode in a liquid crystal panel as-
sembly according to exemplary embodiments of the
present invention;

Fig. 5is alayout view of a pixel electrode not accord-
ing to the invention;

FIGS.6Ato6C are top plan views of abasic electrode
piece of each subpixel electrode shown in FIGS. 3A
to 5;

FIGS. 7A and 7B are schematic layout views of a
liquid crystal panel assembly including a plurality of
pixel electrodes shown in FIG. 5;

FIG. 8 is an equivalent circuit diagram of a pixel of
a liquid crystal panel assembly according to an ex-
emplary embodiment of the present invention;

FIG. 9 is a layout view of a liquid crystal panel as-
sembly according to an exemplary embodiment of
the present invention;

FIG. 10 is a cross-sectional view of a liquid crystal
panel assembly taken along line X-X’-X" of FIG. 9;
FIG. 11 is a layout view of a liquid crystal panel as-
sembly not according to the present invention;

FIG. 12 is a cross-sectional view of a liquid crystal
panel assembly taken along line XII-XII-XII" of FIG.
11;

FIG. 13 is an equivalent circuit diagram of a pixel of
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a liquid crystal panel assembly according to an ex-
emplary embodiment of the present invention;

FIG. 14 is a layout view of a liquid crystal panel as-
sembly according to an exemplary embodiment of
the present invention;

FIG. 15 is a cross-sectional view of a liquid crystal
panel assembly taken along line XV-XV'-XV" of FIG.
14; and

FIG. 16 is an equivalent circuit diagram of a pixel of
a liquid crystal panel assembly according to an ex-
emplary embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0018] Hereinafter, exemplary embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings. This invention may,
however, be embodied in many different forms and
should not be construed as limited to the embodiments
set forth herein.In the drawings, the thickness of layers,
films, panels, regions, etc., are exaggerated for clarity.
Like reference numerals designate like elements
throughout the specification.

[0019] A liquid crystal display according to an exem-
plary embodiment of the present invention will be de-
scribed in detail with reference to FIGS. 1 and 2.
[0020] FIG. 1is a block diagram of a liquid crystal dis-
play according to an exemplary embodiment of the
present invention, and FIG. 2 is an equivalent circuit di-
agram of two subpixels of a liquid crystal display accord-
ing to an exemplary embodiment of the present invention.
[0021] As shown in FIG. 1, the liquid crystal display
includes aliquid crystal panel assembly 300, a gate driver
400 and a data driver 500 that are connected thereto, a
gray voltage generator 800 that is connected to the data
driver 500, and a signal controller 600 that controls them.
[0022] The liquid crystal panel assembly 300 includes
a plurality of signal lines (not shown) and a plurality of
pixels PX that are connected thereto and arranged in
approximately a matrix.

[0023] As shown in FIG. 2, the liquid crystal panel as-
sembly 300 includes lower and upper panels 100 and
200 that are opposite each other, and a liquid crystal
layer 3 that is disposed therebetween.

[0024] The signal lines include a plurality of gate lines
(not shown) that transfer gate signals (scanning signals)
and a plurality of data lines (not shown) that transfer data
signals.

[0025] The gate lines extend in approximately a row
direction and are almost parallel to each other, and the
data lines extend in approximately a column direction
and are almost parallel to each other.

[0026] Each pixel PX includes a pair of subpixels, and
each subpixel includes liquid crystal capacitors Clca and
Clcb. At least one of two subpixels includes a switching
element (not shown) that is connected to the gate line,
the data line, and the liquid crystal capacitors Clca and
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Clcb.

[0027] Theliquid crystal capacitors Clcaand Clcb have
subpixel electrodes PEa and PEb on the lower panel 100
and a common electrode CE on the upper panel 200 as
two terminals, and the liquid crystal layer 3 between the
subpixel electrodes PEa and PEb and the common elec-
trode CE functions as a dielectric material. A pair of sub-
pixel electrodes PEa and PEb are separated from each
other and constitute one pixel electrode PE. The common
electrode CE is formed on an entire surface of the upper
panel 200 and receives a common voltage Vcom.
[0028] The liquid crystal layer 3 has a negative dielec-
tric anisotropy, and liquid crystal molecules of the liquid
crystal layer 3 may be aligned so that long axes thereof
are perpendicular to a surface of the two display panels
when there is no electric field.

[0029] A color display is represented by allowing each
pixel PX to inherently display one of the primary colors
(spatial division) or to sequentially display the primary
colors (temporal division). A desired color is determined
by the spatial or temporal sum of the primary colors. An
example of a set of the primary colorsincludes red, green,
and blue.

[0030] FIG. 2 shows as an example of spatial division
in which each pixel PX is provided with a color filter CF
for displaying one of the primary colors in a region of the
upper panel 200. Although not illustrated in FIG. 2, the
color filter CF may be formed on or under the subpixel
electrodes PEa and PEb of the lower panel 100.

[0031] A polarizer (not shown) is provided in the outer
surface of each of the display panels 100 and 200. Po-
larization axes of each polarizers may be orthogonal. In
areflective liquid crystal display, one of the two polarizers
is optional. An orthogonal polarizer blocks incident light
entering the liquid crystal layer 3 where there is no electric
field.

[0032] A pixel electrode, a common electrode, and a
color filter of a liquid crystal panel assembly will be de-
scribed with reference to FIGS. 3A, 3B, 4, 5, 6A, 6B, 7A,
and 7B.

[0033] FIGS. 3A to 4 are layout views of a pixel elec-
trode and a common electrode in a liquid crystal panel
assembly according to exemplary embodiments of the
present invention, FIGS. 6A to 6C are top plan views of
a basic electrode piece of each subpixel electrode shown
in FIGS. 3A to 5. FIGS. 7A and 7B are schematic layout
views of a liquid crystal panel assembly not according to
the invention including a plurality of pixel electrodes
shown in FIG. 5.

[0034] AsshowninFIGS. 3Ato 5, each pixel electrode
191 includes a pair of first and second subpixel electrodes
191a and 191b that are separated from each other.
[0035] A first subpixel electrode 191a and a second
subpixel electrode 191b are adjacently disposed in a row
direction and have cutouts 91a and 91b, respectively.
[0036] The common electrode 270 (see FIG. 2) has
cutouts 71a, 71b, 71b1, 71b2, and 71b3 that are opposite
to the first and second subpixel electrodes 191a and
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191b.

[0037] The first subpixel electrode 191 a and the sec-
ond subpixel electrode 191 b constituting one pixel elec-
trode 191, may be connected to different switching ele-
ments (not shown).

[0038] Alternatively, the first subpixel electrode 191a
may be connected to a switching element (not shown)
and the second subpixel electrode 191b may be coupled
to the first subpixel electrode 191a through capacitive
coupling.

[0039] Each ofthe firstand second subpixel electrodes
191a and 191 b includes at least one parallelogram elec-
trode piece 196 shown in FIG. 6A and at least one par-
allelogram electrode piece 197 shown in FIG. 6B.
[0040] When the electrode pieces 196 and 197 shown
inFIGS. 6Aand 6B are vertically connected, they become
a basic electrode 198 shown in FIG. 6C. Each of the
subpixel electrodes 191aand 191b forms part of the basic
electrode 198.

[0041] Asshownin FIGS. 6A and 6B, each of the elec-
trode pieces 196 and 197 has a pair of oblique edges
1960 and 1970 and a pair of transverse edges 196t and
1971, and has a parallelogram shape. Each of the oblique
edges 1960 and 1970 forms an oblique angle to the trans-
verse edges 196t and 197t, and a size of the oblique
angle may be about 45° to 135°.

[0042] Itiscalled"rightinclination" when oblique edges
are inclined to the right side as in FIG. 6A, and itis called
"left inclination" when the oblique edges are inclined to
the left side as in FIG. 6B.

[0043] Inelectrode pieces 196 and 197, alength of the
transverse edges 196t and 197, i.e., a width W, and a
distance between the transverse edges 196t and 197,
i.e., a height H, may be freely determined depending on
a size of the display panel assembly 300.

[0044] The cutouts 61 and 62 facing the electrode piec-
es 196 and 197 are formed in the common electrode 270,
and the electrode pieces 196 and 197 are divided into
two subregions S 1 and S2 about the cutouts 61 and 62.
[0045] The cutouts 61 and 62 include oblique portions
610 and 620 in parallel to the oblique edges 1960 and
1970 of the electrode pieces 196 and 197, and transverse
portions 61t and 62t that overlap with the transverse edg-
es 196t and 197t of the electrode pieces 196 and 197
while forming an obtuse angle with the oblique portions
610 and 620.

[0046] Each of the subregions S 1 and S2 has two
primary edges that are defined by the oblique portions
610 and 620 of the cutouts 61 and 62 and the oblique
edges 1960 and 1970 of the electrode pieces 196 and
197. A distance between primary edges, i.e., a width of
a subregion, may be about 25 to 40pm.

[0047] A basic electrode 198 shown in FIG. 6C is
formed by coupling of the right-inclination electrode piece
196 and the left-inclination electrode piece 197.

[0048] Anangle atwhich the right-inclination electrode
piece 196 and the left-inclination electrode piece 197 are
formed may be approximately a right angle, and the two
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electrode pieces 196 and 197 may be partly connected.
Non-connected portions constitute a cutout 90, and are
positioned in a concave side. However, the cutout 90 is
optional.

[0049] The outside transverse edges 196t and 1971 of
electrode pieces 196 and 197 constitute the transverse
edge 198t of the basic electrode 198, and the correspond-
ing oblique edges 1960 and 1970 of electrode pieces 196
and 197 are connected to each other to form curved edg-
es 19801 and 19802 of the basic electrode 198.

[0050] The curved edges 19801 and 19802 include a
convex edge 19801 that meets with an obtuse angle, for
example about 135° with the transverse edge 198t, and
a concave edge 19802 that meets with an acute angle,
for example about 45° with the transverse edge 198t.
[0051] Thecurved edges 19801 and 19802 are formed
as a pair of oblique edges 1960 and 1970 and meet with
approximately a right angle, and a curved angle thereof
is approximately a right angle.

[0052] The cutout 60 may extend to approximately the
center of the basic electrode 198 toward a convex summit
VV on the convex edge 19801 from a concave summit
CVonthe concave edge 19802. Furthermore, the cutouts
61 and 62 of the common electrode 270 are connected
to each other to form the cutout 60. Transverse portions
61t and 62t that overlap in the cutouts 61 and 62 are
added to constitute one transverse portion 60t1.

[0053] The cutout 60 includes a curved portion 600
that has a curved point CP, a central transverse portion
60t1 that is connected to the curved point CP of the
curved portion 600, and a pair of vertical transverse por-
tions 60t2 that are connected to both ends of the curved
portion 600.

[0054] The curved portion 600 of the cutout 60 includes
a pair of oblique portions that meet with a right angle, is
almost parallel to the curved edges 19801 and 19802 of
the basic electrode 198, and divides the basic electrode
198 into a left half and a right half.

[0055] The centraltransverse portion 60t1 of the cutout
60 forms an obtuse angle, for example about 135° with
the curved portion 600, and extends toward a convex
summit VV of the basic electrode 198.

[0056] The vertical transverse portion 60t2 is aligned
with the transverse edge 198t of the basic electrode 198
and forms an obtuse angle, for example about 135° with
the curved portion 600.

[0057] The basic electrode 198 and the cutout 60 are
in an approximate inversion symmetry about an imagi-
nary straightline (hereinafter, referred to as a "transverse
center line") connecting the convex summit VV and the
concave summit CV of the basic electrode 198.

[0058] In each pixel electrode 191 shown in FIGS. 3A
to 5, a size of the first subpixel electrode 191a is smaller
than that of the second subpixel electrode 191b.

[0059] Particularly, a height of the second subpixel
electrode 191b is larger than that of the first subpixel
electrode 191a, and widths of subpixel electrodes 191a
and 191b are substantially equal.

10

15

20

25

30

35

40

45

50

55

[0060] The number of electrode pieces of the second
subpixel electrode 191b is larger than that of the elec-
trode pieces of the first subpixel electrode 191a.

[0061] The first subpixel electrode 191aincludes a left-
inclination electrode piece 197 and a right-inclination
electrode piece 196, and has substantially the same
structure as a basic electrode 198 shown in FIG. 6C.
[0062] The second subpixel electrode 191b includes
the combination of at least two left-inclination electrode
pieces 197, at least two right-inclination electrode pieces
196, the basic electrode 198 shown in FIG. 6C, and the
left and right inclination electrode pieces 196 and 197
that are coupled thereto.

[0063] The second subpixel electrode 191b shown in
FIGS. 3A and 3B includes six electrode pieces 191b1 to
191b6, and two electrode pieces 191b5 and 191b6
among them are disposed in an upper part and a lower
part of the first subpixel electrode 191a.

[0064] An aperture ratio is increased as a transverse
portion is formed by adding the transverse portions 61t
and 62t of the cutouts 61 and 62 of the common electrode
270 to a place adjacent to electrode pieces 191a1 and
191a2 of the first subpixel electrode 191a and electrode
pieces 191b5 and 191b6 of the second subpixel elec-
trode 191 b.

[0065] Inastructure showninFIG. 3A, a height of elec-
trode pieces 191a1, 191a2, 191b1, and 191b2 that are
disposed in the middle of the structure and that of elec-
trode pieces 191 b3 to 191 b6 that are disposed in the
upper and lower part of the structure are substantially
the same, but in a structure shown in FIG. 3B, a height
of the middle electrode pieces 191a1, 191a2, 191b1, and
191b2 and that of the upper and lower electrode pieces
191b3 to 191b6 are different from each other.

[0066] Forexample, in the structure shownin FIG. 3B,
a height of the upper and lower electrode pieces 191b3
to 191b6 is about half that of the middle electrode pieces
191a1, 191a2, 191b1, and 191b2. Accordingly, an area
ratio of the first subpixel electrode 191a and the second
subpixel electrode 191b is approximately 1:2.

[0067] In a structure shown in FIG. 3A, an area ratio
of the first subpixel electrode 191a and the second sub-
pixel electrode 191b is approximately 1:3.

[0068] A height of the middle electrode pieces 191a1,
191a2, 191b1, and 191b2 may be 1 to 2.5 times that of
the upper and lower electrode pieces 191b3 to 191b6.
[0069] A desired area ratio can be obtained if a height
of the upper and lower electrode pieces 191b3 to 191b6
is adjusted in this way, and an area ratio of approximately
1:3 to 1:1.1 is preferred.

[0070] The second subpixel electrode 191b shown in
FIG.4 includes four electrode pieces 191b1 to 191b4,
and two electrode pieces 191b3 and 191b4 among them
are disposed in an upper part and a lower part of the first
subpixel electrode 191 a.

[0071] A height of electrode pieces 191b3 and 191b4
that are disposed in an upper part and a lower part of the
first subpixel electrode 191a is smaller than that of elec-
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trode pieces 191b1 and 191 b2 that are disposed in a
side surface of the first subpixel electrode 191a, and a
height ratio thereof is, for example, about 1:2.

[0072] An area ratio of the first subpixel electrode 191
a and the second subpixel electrode 191b can be adjust-
ed by adjusting heights of four electrode pieces 191b1
to 191b4.

[0073] The second subpixel electrode 191b not ac-
cording to the invention shown in FIG. 5 includes four
electrode pieces 191b1 to 191b4, and has a three-time
curved structure.

[0074] An area ratio can be adjusted by adjusting
heights of the electrode pieces 191a1,191a2,and 191b1
to 191b4.

[0075] In an example not according to the invention
shown in FIG. 7A, shapes of adjacent pixel electrodes
191 in a row direction are substantially equal to each
other and a transverse center line of each of pixel elec-
trodes 191 is in substantially the same straight line, and
adjacent pixel electrodes 191 in a column direction are
in lateral inversion symmetry with each other.

[0076] Red, green, and blue color filters 230R, 230G,
and 230B extend along adjacent pixel electrodes 191 in
a column direction.

[0077] In an example not according to the invention
shown in FIG. 7B, transverse center lines of adjacent
pixel electrodes 191 in a row direction are unmatched.
In two adjacent pixel electrodes 191 in a row direction, a
transverse center line of a left pixel electrode 191 and an
upper transverse edge of the first subpixel electrode 191
a of a right pixel electrode 191 are in substantially the
same straight line.

[0078] In two adjacent pixel electrodes 191 in a row
direction, as the first subpixel electrode 191ais in the left
side and the second subpixel electrode 191b is in the
right side, lateral dispositions thereof are substantially
equal to each other, but the first subpixel electrode 191a
and the second subpixel electrode 191b are in inversion
symmetry with each other.

[0079] Adjacent pixel electrodes 191 in a column di-
rection are in lateral inversion symmetry to each other.
[0080] Red, green, and blue color filters 230R, 230G,
and 230B extend along adjacent pixel electrodes 191 in
a column direction.

[0081] In FIGS.7A and 7B, the positional relationship
of the pixel electrodes 191 can be changed, and neigh-
boring pixel electrodes 191 in a row or column direction
can be disposed to be unmatched in other manners.
[0082] Referring again to FIG. 1, a gray voltage gen-
erator 800 generates a plurality of gray voltages (or a
reference gray voltage) related to transmittance of a pixel
PX.

[0083] The gate driver 400 is connected to a gate line
of the liquid crystal panel assembly 300 to apply a gate
signal Vg comprising the combination of a gate-on volt-
age Von and a gate-off voltage Voffto the gate line.
[0084] The data driver 500 is connected to the data
line of the liquid crystal panel assembly 300, selects a
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gray voltage from the gray voltage generator 800, and
applies the gray voltage as a data signal to the data line.
[0085] However, when the gray voltage generator 800
provides only a predetermined number of reference gray
voltages rather than all voltages for all grays, the data
driver 500 generates gray voltages for all grays by divid-
ing the reference gray voltage and selects a data signal
among them.

[0086] The signal controller 600 controls the gate driv-
er 400, the data driver 500, etc.

[0087] Each of the driving devices 400, 500, 600, and
800 may be directly mounted on the liquid crystal panel
assembly 300 in a form of at least one IC chip, mounted
on flexible printed circuit film (not shown) to attach to the
liquid crystal panel assembly 300 in a tape carrier pack-
age (TCP), ormounted on a separate printed circuit board
(PCB) (not shown).

[0088] Alternatively, the driving devices 400, 500, 600,
and 800 may be integrated with the liquid crystal panel
assembly 300.

[0089] Furthermore, the driving devices 400, 500, 600,
and 800 may be integrated in a single chip, and at least
one of these devices or at least one circuit element of
these devices may be disposed outside of a single chip.
[0090] The signal controller 600 receives input image
signals R, G, and B and an input control signal for con-
trolling the display of the signals from an external graph-
ics controller (not shown).

[0091] Inputimage signals R, G, and B have luminance
information for each pixel PX and the luminance infor-
mation has a predetermined number of grays, for exam-
ple, 1024(=210), 256(=28), or 64(=2°) grays.

[0092] The input control signal includes, for example,
a vertical synchronization signal Vsync, a horizontal syn-
chronizing signal Hsync, a main clock signal MCLK, and
a data enable signal DE.

[0093] The signal controller 600 appropriately proc-
esses input image signals R, G, and B to correspond to
an operating condition of the liquid crystal panel assem-
bly 300 and the data driver 500 based on input image
signals R, G, and B and input control signals, generates
a gate control signal CONT1 and a data control signal
CONTZ2, then transfers the gate control signal CONT1 to
the gate driver 400 and outputs the data control signal
CONT2 and the processed image signal DAT to the data
driver 500.

[0094] The outputimage signal DAT is output as a dig-
ital signal and has a predetermined value (or gray).
[0095] The gate control signal CONT1 includes a scan-
ning start signal STV for instructing the start of scanning,
and at least one clock signal for controlling an output
period of a gate-on voltage Von.

[0096] The gate control signal CONT1 may further in-
clude an output enable signal OE for limiting a duration
time of the gate-on voltage Von.

[0097] The data control signal CONT2 includes a hor-
izontal synchronization start signal STH indicating the
start of the transfer of image data for one set of subpixels,



11 EP 1762 884 B1 12

and a load signal LOAD and a data clock signal HCLK
for applying a data signal to the liquid crystal panel as-
sembly 300.

[0098] The data control signal CONT2 may further in-
clude an inversion signal RVS for inverting the voltage
polarity of a data signal for a common voltage Vcom
(hereinafter, "voltage polarity of a data signal for a com-
mon voltage" is briefly referred to as "polarity of a data
signal").

[0099] As the data driver 500 receives digital image
signals DAT for one set of subpixels and selects a gray
voltage corresponding to each digital image signal DAT,
depending on the data control signal CONT2 from the
signal controller 600, the digital image signal DAT is con-
verted to an analog data signal and then the signal is
applied to a corresponding data line.

[0100] The gate driver 400 turns on the switching ele-
ment that is connected to the gate lines by applying the
gate-on voltage Von to the gate lines depending on the
gate control signal CONT1 from the signal controller 600.
[0101] Then, a data signal that is applied to the data
lines is applied to a corresponding subpixel PX through
the turned-on switching element.

[0102] Referring to FIGS. 3 to 7B, when the first sub-
pixel electrode 191a and the second subpixel electrode
191b constituting pixel electrode 191 are connected to a
separate switching element, each subpixel may receive
a separate data voltage through the same data line at
differenttimes or receive a separate data voltage through
a different data line at the same time.

[0103] Alternatively, when the first subpixel electrode
191a is connected to a switching element (not shown)
and the second subpixel electrode 191b is coupled to the
first subpixel electrode 191a through capacitive coupling,
only a subpixel including the first subpixel electrode 191a
may receive a data voltage through a switching element,
and a subpixel including the second subpixel electrode
191b may have a voltage that changes depending on the
change of a voltage of the first subpixel electrode 191a.
[0104] A voltage of the first subpixel electrode 191 a
having a relatively small area is higher than that of the
second subpixel electrode 191 b having a relatively large
area.

[0105] When a potential voltage difference is generat-
ed in both ends of the first or second liquid crystal capac-
itors Clca and Clcb, a primary electric field that is almost
perpendicular to a surface of the display panels 100 and
200 is generated in the liquid crystal layer 3.

[0106] Hereinafter, a pixel electrode 191 and a com-
mon electrode 270 are referred to as "field generating
electrodes." Liquid crystal molecules of the liquid crystal
layer 3 are arranged so that a long axis thereof is per-
pendicular to a direction of an electric field in response
to an electric field, and the degree of polarization of light
incident to the liquid crystal layer 3 changes depending
on an inclination angle of the liquid crystal molecules.
[0107] The change in polarization is represented by a
change oftransmittance by a polarizer, whereby a liquid
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crystal display displays an image.

[0108] An inclination angle of the liquid crystal mole-
cules changes depending on the intensity of an electric
field. Since voltages of two liquid crystal capacitors Clca
and Clcb are different from each other, an inclination an-
gle of the liquid crystal molecules changes, whereby lu-
minance of two subpixels is changed.

[0109] Therefore, if a voltage of the first liquid crystal
capacitor Clca and that of the second liquid crystal ca-
pacitor Clcb are properly adjusted, an image seen from
the side can be most similar to that seen from the front,
thatis, a side gamma curve can be most similar to a front
gamma curve, thereby improving side visibility.

[0110] Furthermore, if an area of the first subpixel elec-
trode 191a that receives a high voltage is smaller than
that of the second subpixel electrode 191b, a side gamma
curve can be more similar to a front gamma curve.
[0111] Particularly, as shown in FIGS. 4A to 7B, when
an area ratio of the first and second subpixel electrodes
191a and 191b is about 1:2 to about 1:3, a side gamma
curve becomes much more similar to a front gamma
curve, thereby improving side visibility.

[0112] Aninclination direction of the liquid crystal mol-
ecules is firstly determined by a horizontal component
thatis generated by distorting a varying main electric field
of subpixel electrodes 191a and 191b and cutouts 71a,
71b,71b1,71b2,91a,91b, and 92b of the field generating
electrodes 191 and 270.

[0113] Ahorizontal component of the main electric field
is almost perpendicular to an edge of the cutouts 71a,
71b, 71b1, 71b2, 91a, 91b, and 92b and an edge of the
subpixel electrodes 191a and 191b.

[0114] Referring to FIGS. 3 to 7B, most liquid crystal
molecules on each subregion that is divided by the cut-
outs 71a, 71b, 71b1, 71b2, 91a, 91b, and 92b are ar-
ranged in a direction perpendicular to a primary edge.
[0115] A direction of a secondary electric field that is
secondarily generated by the voltage difference between
the subpixel electrodes 191 a and 191b is perpendicular
to a primary edge of a subregion.

[0116] Therefore, a direction of a secondary electric
field agrees with a direction of a horizontal component
of a main electric field.

[0117] Finally, a secondary electric field between the
subpixel electrodes 191a and 191b functions to enhance
the determination of an inclination direction of liquid crys-
tal molecules.

[0118] By repeating the process with a unit of one hor-
izontal period (referred to as "1H", the same as one period
of a horizontal synchronizing signal Hsync and a data
enable signal DE), a data signal is applied to all pixels
PX, so that an image of one frame is displayed.

[0119] Astateofaninversionsignal RVS thatis applied
to the data driver 500 is controlled so that a next frame
starts when one frame ends, and the polarity of a data
signal that is applied to each pixel PX is opposite to the
polarity in a previous frame ("frame inversion").

[0120] According to characteristics of the inversion sig-
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nal RVS even within one frame, the polarity of a data
signal flowing through one data line may be changed
(e.g., row inversion and dot inversion) or the polarity of
the data signals that are applied to one set of pixels may
be different from each other (e.g., column inversion and
dot inversion).

[0121] Aliquid crystal panel assembly according to an
exemplary embodiment of the present invention will be
described in detail with reference to FIGS. 1, 2, 4A, 6,
and 8 to 12.

[0122] FIG. 8is an equivalent circuit diagram of a pixel
of a liquid crystal panel assembly according to an exem-
plary embodiment of the present invention.

[0123] Referring to FIG. 8, the liquid crystal panel as-
sembly includes a signal line including a plurality of pairs
of gate lines GLa and GLb, a plurality of data lines DL,
and a plurality of storage electrode lines SL and a plurality
of pixels PX that are connected thereto.

[0124] Each pixel PX includes a pair of subpixels PXa
and PXb, and the respective subpixels PXa and PXb in-
clude switching elements Qa and Qb that are connected
to corresponding gate lines GLa and GLb and data lines
DL, liquid crystal capacitors Clca and Clcb that are con-
nected thereto, and storage capacitors Csta and Cstb
that are connected to the switching elements Qa and Qb
and the storage electrode lines SL.

[0125] The switching elements Qa and Qb are three
terminal elements such as a thin film transistor that are
provided in the lower panel 100. A control terminal thereof
is connected to the gate lines GLa and GLb, an input
terminal thereof is connected to the data line DL, and an
output terminal thereof is connected to the liquid crystal
capacitors Clca and Clcb and the storage capacitors Csta
and Cstb.

[0126] The storage capacitors Csta and Cstb assist
the liquid crystal capacitors Clca and Clcb and are formed
with the overlap of a storage electrode line SL and a pixel
electrode PE that are provided in the lower panel 100
with an insulator interposed therebetween. A predeter-
mined voltage such as a common voltage Vcom is ap-
plied to the storage electrode line SL.

[0127] However, the storage capacitors Csta and Cstb
may be formed with the overlap of the subpixel electrodes
PEa and PEb and a previous gate line directly on the
subpixel electrodes PEa and PEb via an insulator.
[0128] The signal controller 600 can receive input im-
age signals R, G, and B for one pixel PX, convert the
signals to an output image signal DAT for subpixels PXa
and PXb, and transmit the signals to the data driver 500.
[0129] Alternatively, in the gray voltage generator 800,
by separately making a gray voltage set for subpixels
PXa and PXb, providing them to the data driver 500 or
selecting them in the data driver 500, a different voltage
can be applied to the two subpixels PXa and PXb.
[0130] However, it is preferable to modify an image
signal or make a gray voltage set so that a composition
gamma curve of subpixels PXa and PXb become similar
to a reference gamma curve in the front.
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[0131] For example, a composition gamma curve in
the front is adjusted to agree with a reference gamma
curve in the front to be most suitable for the liquid crystal
panel assembly, and a composition gamma curve in the
side is adjusted to be most similar to the reference gam-
ma curve in the front.

[0132] Anexample of the liquid crystal panel assembly
shown in FIG. 8 will be described in detail with reference
to FIGS. 3B, 9, and 10.

[0133] FIG. 9 is a layout view of a liquid crystal panel
assembly according to an exemplary embodiment of the
present invention, and FIG. 10 is a cross-sectional view
of a liquid crystal panel assembly taken along line X-X'-
X" of FIG. 9.

[0134] Referring to FIGS. 9 and 10, the liquid crystal
panel assembly includes a lower panel 100 and an upper
panel 200 that are opposite to each other, and a liquid
crystal layer 3 therebetween.

[0135] A plurality of gate conductors including a plu-
rality of pairs of first and second gate lines 121 aand 121
b and a plurality of storage electrode lines 131 are formed
on the insulation substrate 110. The insulation substrate
110 may be made of for example transparent glass, or
plastic.

[0136] The first and second gate lines 121 a and 121
b transfer a gate signal, and extend mainly in a horizontal
direction and are positioned in the lower side and the
upper side, respectively.

[0137] Thefirstgate line 121aincludes a wide end part
129a for connecting a plurality of first gate electrodes
124a that protrude to the upper side, to other layers or
the gate driver 400.

[0138] The second gate line 121b includes a wide end
part 129b for connecting a plurality of second gate elec-
trodes 124athat protrude to the lower side, to other layers
or the gate driver 400.

[0139] When the gate driver 400 is integrated with the
substrate 110, the gate lines 121a and 121 b are extend-
ed to directly connect thereto.

[0140] The storage electrode line 131 receives a pre-
determined voltage such as a common voltage Vcom,
and extend mainly in a horizontal direction.

[0141] Each of the storage electrode lines 131 is po-
sitioned between the first gate line 121a and the second
gate line 121b, and maintains an almost equal distance
from gate lines 121a and 121b.

[0142] Each storage electrode line 131 includes a plu-
rality of pairs of first and second storage electrodes 137a
and 137b that are vertically extended.

[0143] However, the shape and disposition of the stor-
age electrodes 137a and 137b and the storage electrode
line 131 may be variously changed.

[0144] The gate conductors 121a, 121b, and 131 may
be made of metals such as aluminum (Al), silver (Ag),
copper (Cu), molybdenum (Mo), chromium (Cr), thallium
(Ta), titanium (Ti), and/or alloys thereof.

[0145] However, the gate conductors 121a, 121b, and
131 may also have a multilayer structure including two
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conductive layers (not shown) that have different physical
properties.

[0146] One conductorlayeramong them may be made
of a metal having low resistivity, for example, aluminum
metals, silver metals, or copper metals, thereby reducing
signal delay or voltage drop.

[0147] Alternatively, the other conductor layer may be
made of a metal having Mo, Cr, Ta, Ti and/or a material
having good physical, chemical, and electrical contact
characteristics with other materials, such as ITO (indium
tin oxide) and 1ZO (indium zinc oxide).

[0148] Anexample of such a combination may include
a chromium lower layer and an aluminum (alloy) upper
layer, and an aluminum (alloy) lower layer and a molyb-
denum (alloy) upper layer.

[0149] However, the gate conductors 121a, 121b, and
131 may made of other various metals or electrical con-
ductors.

[0150] Side surfaces of the gate conductors 121a,
121b, and 131 are inclined to a surface of the substrate
110, and an inclination angle thereof may be about 30°
to 80°.

[0151] A gate insulating layer 140, which is made of
materials such as, for example, silicon nitride SiNx, or
silicon oxide SiOx, is formed on the gate conductors
121a, 121b, and 131.

[0152] A plurality of first and second semiconductor
islands 154a and 154b, which are made of materials such
as, for example hydrogenated amorphous silicon (a-Si),
or polysilicon, are formed on the gate insulating layer 140.
[0153] The first and second semiconductors 154a and
154b are positioned on the first and second gate elec-
trodes 124a and 124b, respectively.

[0154] A pair of ohmic contact islands 163a and 165a
are formed on each of the first semiconductors 154a, and
a pair of ohmic contact islands (not shown) are formed
on each of the second semiconductors 154b.

[0155] The ohmic contact islands 163a and 165a may
be made of a material such as n+ hydrogenated amor-
phous silicon in which an n-type impurity such as phos-
phorus is doped with a high concentration, or silicide.
[0156] Side surfaces of the semiconductors 154a and
154b and the ohmic contact islands 163a and 165a are
also inclined to the surface of the substrate 110, and an
inclination angle thereof is about 30° to 80°.

[0157] A data conductor including a plurality of data
lines 171 and a plurality of pairs of first and second drain
electrodes 175a and 175b is formed on the ohmic con-
tacts 163a and 165a and the gate insulating layer 140.
[0158] Each of the data lines 171 transfers a data sig-
nal, and extends in a vertical direction to intersect the
gate lines 121 aand 121 b and the storage electrode line
131.

[0159] Each of the data lines 171 includes a wide end
part 179 for connecting a plurality of pairs of first and
second source electrodes 173a and 173b that extend
toward the first and second gate electrodes 124a and
124b to other layers or the data driver 500.
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[0160] When the data driver 500 is integrated with the
substrate 110, the data lines 171 extend to directly con-
nect thereto.

[0161] Thefirst and second drain electrodes 175a and
175b are separated from each other and are also sepa-
rated from each of the data lines 171.

[0162] Thefirstand second drain electrodes 175a and
175b face the first and second source electrodes 173a
and 173b about the first and second gate electrode 124a
and 124b, and each includes wide end parts 177a and
177b and a bar shaped end part.

[0163] The wide end parts 177a and 177b are over-
lapped with the first and second storage electrodes 137a
and 137b, respectively, and a part of the bar shaped end
part is surrounded by the curved first and second source
electrodes 173a and 173b.

[0164] The first and second gate electrodes 124a and
124b, the first and second source electrodes 173a and
173b, the first and second drain electrodes 175a and
175b, and the first and second semiconductors 154a and
154 constitute first and second thin film transistors TFT
Qa and Qb. A channel of the first and second thin film
transistors is formed in the first and second semiconduc-
tors 154a and 154b between the first and second source
electrodes 173a and 173b and the first and second drain
electrodes 175a and 175b.

[0165] Data conductors 171, 175a, and 175b may be
made of a refractory metal such as molybdenum, chro-
mium, tantalum, and titanium, or their alloys. The data
conductors 171, 175a, and 175b may have a multilayer
structure including a refractory metal layer (not shown)
and a low resistance conductive layer (not shown).
[0166] A multilayer structure includes, for example, a
dual-layer of a chromium or molybdenum (alloy) lower
layer and an aluminum (alloy) upper layer, and a triple-
layer of a molybdenum (alloy) lower layer, an aluminum
(alloy) middle layer, and a molybdenum (alloy) upper lay-
er.

[0167] However, the data conductors 171, 175a, and
175b may be made of other various metals or conductors.
[0168] Side surfaces of the data conductors 171, 175a,
and 175b may be inclined to the surface of the substrate
110, and an inclination angle thereof may be about 30°
to 80°.

[0169] The ohmic contact islands 163a and 165a are
present between the semiconductors 154a and 154b in
a lower part thereof and the data conductors 171, 175a,
and 175b in an upper part thereof, and reduce contact
resistance between them.

[0170] The semiconductors 154aand 154bhave a por-
tion that is exposed without being covered by the data
conductors 171, 175a, and 175b, and a portion between
the source electrodes 173a and 173b and the drain elec-
trodes 175a and 175b.

[0171] A passivation layer 180 is formed on the data
conductors 171, 175a, and 175b and the exposed portion
of the semiconductors 154a and 154b.

[0172] The passivation layer 180 may be made of ma-
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terials such as an inorganic insulator, or an organic in-
sulator, and may have a flat surface.

[0173] The organicinsulator may have a dielectric con-
stant of 4.0 or less, and may have photosensitivity.
[0174] The passivationlayer 180 may also have adual-
layer structure of a lower inorganic layer and an upper
organic layer so as not to cause damage in the exposed
portion of the semiconductors 154a and 154b maintain-
ing the desirable insulating characteristics of the organic
layer.

[0175] A plurality of contact holes 182, 185a, and 185b
for exposing the end part 179 of the data lines 171 and
the wide end parts 177a and 177b of the first and second
drain electrodes 175a and 175b are formed in the pas-
sivation layer 180. A plurality of contact holes 181 a and
181b for exposing the end parts 129a and 129b of the
gate lines 121a and 121b are formed in the passivation
layer 180 and the gate insulating layer 140.

[0176] A plurality of pixel electrodes 191 and a plurality
of contact assistants 81a, 81b, and 82 are formed on the
passivation layer 180.

[0177] The pixel electrodes 191 may be made of a
transparent conductive material such as ITO or I1ZO, or
a reflective metal such as aluminum, silver, chromium,
or their alloys.

[0178] Each of the pixel electrodes 191 includes the
firstand second subpixel electrodes 191 aand 191b, and
each of the subpixel electrodes 191 a and 191 b has
cutouts 91 a and 91b.

[0179] The storage electrode line 131, the extensions
177a and 177b of the drain electrodes 175a and 175b,
and the contact holes 185a and 185b are positioned at
a transverse center line of the subpixel electrodes 191a
and 191 b.

[0180] A straight line that connects a curved point of
subpixel electrodes 191a and 191b is the border of a
subregion described above, and at this part, arrangement
of liquid crystal molecules is scattered, thereby generat-
ing texture.

[0181] Therefore, the disposition can allow an aperture
ratio to improve while not exposing texture.

[0182] Furthermore, a length in which each of the data
lines 171 is overlaps with a first subpixel electrode 191
a of one pixel electrode 191 and a length in which each
of the data linse 171 overlaps with a neighboring second
subpixel electrode 191 b of the pixel electrode 191 may
be substantially equal to each other.

[0183] The first and second subpixel electrodes 191a
and 191b are connected to the first and second drain
electrodes 175a and 175b through the contact holes
185a and 185b.

[0184] The first and second subpixel electrodes 191 a
and 191 b, a common electrode 270 of the upper panel
200, and the liquid crystal layer 3 therebetween constitute
first and second liquid crystal capacitors Clca and Clcb,
and the first and second subpixel electrodes 191a and
191b and the common electrode 270 maintain an applied
voltage even after the thin film transistors Qa and Qb are
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turned off.

[0185] Wide end parts 177a and 177b of the first and
second drain electrodes 175a and 175b that are connect-
ed to the first and second subpixel electrodes 191 a and
191b overlap with the firstand second storage electrodes
137a and 137b with the gate insulating layer 140 inter-
posed therebetween, and constitute the first and second
storage capacitors Csta and Cstb. The first and second
storage capacitors Csta and Cstb enhance voltage stor-
age ability of the first and second liquid crystal capacitors
Clca and Clcb.

[0186] The contact assistants 81 a, 81 b, and 82 are
connected to end parts 129a and 129b of the gate line
121 and an end part 179 of each of the data lines 171
through the contact holes 181a, 181b, and 182, respec-
tively.

[0187] The contact assistants 81 a, 81 b, and 82 sup-
port adhesion between the end parts 129a and 129b of
the gate lines 121a and 121 b and the end part 179 of
each of the data lines 171 and an external apparatus,
and protect them.

[0188] A light blocking member 220 is formed on the
insulation substrate 210 and may be made of a material
such as transparent glass, or plastic.

[0189] The light blocking member 220 includes a
curved portion corresponding to the curved edge of the
pixel electrode 191 and a quadrangle portion correspond-
ing to a thin film transistor, prevents light leakage be-
tween the pixel electrodes 191, and defines a region that
is opposite to the pixel electrode 191.

[0190] A plurality of color filters 230 are formed on the
substrate 210 and the light blocking member 220. The
color filters 230 are present within a region that is sur-
rounded by the light blocking member 230, and extend
long along a column of the pixel electrode 191. Each of
the color filters 230 can display one of three primary
colors such as red, green, and blue.

[0191] An overcoat 250 is formed on each of the color
filters 230 and the light blocking member 220. The over-
coat 250 may be made of an (organic) insulating material,
preventing each of the color filters 230 from being ex-
posed, and providing a flat surface. The overcoat 250 is
optional.

[0192] A common electrode 270 may be formed on the
overcoat 250. The common electrode 270 may be made
of a transparent conductor such as ITO, or IZO and have
a plurality of cutouts 71a and 71b.

[0193] The number of cutouts 71a and 71b may be
changed depending on design elements. As the light
blocking member 220 overlaps with the cutouts 71a and
71b, they can block light leakage around the cutouts 71a
and 71b.

[0194] Alignment layers 11 and 21 are formed on an
inner surface of the display panels 100 and 200, and may
be vertical alignment layers.

[0195] Polarizers 12 and 22 are provided in the outer
surface of the display panels 100 and 200. Polarization
axes of two polarizers 12 and 22 may be orthogonal and
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a single polarization axis among them may be parallel to
the gate lines 121aand 121b. In a reflective liquid crystal
display, one of two polarizers 12 and 22 is optional.
[0196] A liquid crystal display may include polarizers
12 and 22, a phase delay layer, display panels 100 and
200, and a backlight unit (not shown) for supplying light
to the liquid crystal layer 3.

[0197] Theliquid crystal layer 3 has negative dielectric
anisotropy, and liquid crystal molecules of the liquid crys-
tal layer 3 are aligned so that long axes thereof are per-
pendicular to a surface of the two display panels in a
state where there is no electric field.

[0198] The cutouts 71 a and 71b may be replaced with
a protrusion (not shown) or a depression (not shown).
[0199] The protrusion may be made of an organic ma-
terial or an inorganic material, and may be disposed on
or under the field generating electrodes 191 and 270.
[0200] FIG. 11 is alayout view of a liquid crystal panel
assembly not according to the present invention, and
FIG. 12 is a cross-sectional view of a liquid crystal panel
assembly taken along line XII-XII'-XII" of FIG. 11.
[0201] Referring to FIGS. 11 and 12, the liquid crystal
panel assembly includes a lower panel 100, an upper
panel 200, and a liquid crystal layer 3 therebetween.
[0202] A layered structure of the liquid crystal panel
assembly is substantially the same as the layered struc-
ture of the liquid crystal panel assembly shown in FIGS.
9 and 10.

[0203] A gate conductor including a plurality of pairs
of first and second gate lines 121 a and 121b and a plu-
rality of storage electrode lines 131 is formed on the in-
sulation substrate 110.

[0204] The first and second gate lines 121a and 121b
include the first and second gate electrodes 124a and
124b and end parts 129a and 129b, respectively.
[0205] Agateinsulatinglayer 140 isformed onthe gate
conductors 121a, 121b, and 131.

[0206] A plurality of semiconductors 154a and 154b
are formed onthe gate insulating layer 140, and a plurality
of ohmic contacts 163b and 165b are formed thereon.
[0207] A data conductor including a plurality of data
lines 171 and a plurality of first and second drain elec-
trodes 175a and 175b is formed on the ohmic contacts
163b and 165b.

[0208] Each of the data lines 171 includes a plurality
of first and second source electrodes 173a and 173b and
an end part 179, and the drain electrodes 175a and 175b
include wide end parts 177a and 177b.

[0209] A passivation layer 180 is formed on the data
conductors 171, 175a, and 175b and the exposed parts
of the semiconductors 154a and 154b. A plurality of con-
tact holes 181a, 181b, 182, 185a, and 185b are formed
on the passivation layer 180 and the gate insulating layer
140.

[0210] A plurality of pixel electrodes 191 including the
first and second subpixel electrodes 191a and 191b and
a plurality of contact assistants 81a, 81b, and 82 are
formed on the passivation layer 180, and cutouts 91a
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and 91b are formed in the first and second subpixel elec-
trodes 191a and 191b, respectively.

[0211] An alignment layer 11 is formed on the pixel
electrodes 191, the contact assistants 81a, 81b, and 82,
and the passivation layer 180.

[0212] A light blocking member 220, a common elec-
trode 270 having cutouts 71 aand 71b, and an alignment
layer 21 are formed on the insulation substrate 210.
[0213] However, unlike the liquid crystal panel assem-
bly shown in FIGS. 9 and 10, disposition of the subpixel
electrodes 191a and 191b is substantially the same as
that shown in FIG. 5.

[0214] Compared with the liquid crystal panel assem-
bly shown in FIGS. 9 and 10, a vertical position of the
first and second gate lines 121a and 121b is opposite
thereto, and thus a lateral position of the first and second
thin film transistors Qa and Qb is opposite about each of
the data lines 171.

[0215] The first and second storage electrodes 137a
and 137b are also positioned in the right side and the left
side about the data lines 171. An area of the second
storage electrode 137b is larger than that of the first stor-
age electrode 137a and the former is about two times
that of the latter.

[0216] A wide end part 177b of the second drain elec-
trode 175b has a larger area than a wide end part 177a
of the first drain electrode 175a, and the former is about
two times that of the latter.

[0217] There is no color filter in the upper panel 200,
and a plurality of color filters 230 is formed under the
passivation layer 180 of the lower panel 100.

[0218] Each of the color filters 230 extend in a vertical
direction while being periodically covered along a column
of the pixel electrodes 191, and do not existin a peripheral
area of the end parts 129a and 129b of the gate lines
121a and 121b and the end part 179 of the data line 171.
[0219] A penetrating hole 235 that passes the contact
hole 185b and that is larger than the contact hole 185b
is formed in the color filters 230.

[0220] A neighboring one of the color filters 230 may
function as a light blocking member for blocking leaking
light between neighboring pixel electrodes 191 by over-
lapping the data lines 171, making the light blocking
member of the upper panel 200 optional.

[0221] A passivation layer (not shown) may be provid-
ed under the color filters 230.

[0222] A liquid crystal panel assembly according to an
exemplary embodiment of the present invention will be
described in detail with reference to FIGS. 1, 2, 3B, and
13 to 15.

[0223] FIG. 13 is an equivalent circuit diagram of a
pixel of a liquid crystal panel assembly according to an
exemplary embodiment of the present invention.

[0224] Referring to FIG. 13, the liquid crystal panel as-
sembly includes signal lines including a plurality of gate
lines GL, a plurality of pairs of data lines DLc and DLd,
and a plurality of storage electrode lines SL and a plurality
of pixels PX that are connected thereto.
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[0225] Each pixel PX includes a pair of subpixels PXc
and PXd, and the respective subpixels PXc and PXd in-
clude switching elements Qc and Qd that are connected
to a corresponding gate line GL and data lines DLc and
DLd, liquid crystal capacitors Clcc and Clcd that are con-
nected thereto, and storage capacitors Cstc and Cstd
that are connected to the switching elements Qc and Qd
and the storage electrode line SL.

[0226] Each of the switching elements Qa and Qb is
also a three terminal element such as a thin film transistor
that is provided in the lower panel 100, and a control
terminal thereof is connected to the gate line GL, an input
terminal thereof is connected to the data lines DLc and
DLd, and an output terminal thereof is connected to the
liquid crystal capacitors Clcc and Clcd and the storage
capacitors Cstc and Cstd.

[0227] Subpixels PXa and PXb constitute a pixel PX
in the liquid crystal display shown in FIG. 8 sequentially
receive a data voltage, but in the present exemplary em-
bodiment, two subpixels PXc and PXd simultaneously
receive a data voltage.

[0228] Anexample of the liquid crystal panel assembly
shown in FIG. 13 will be described in detail with reference
to FIGS. 3B, 14, and FIG. 15.

[0229] FIG. 14 is a layout view of a liquid crystal panel
assembly according to an exemplary embodiment of the
present invention, and FIG. 15 is a cross-sectional view
of the liquid crystal panel assembly taken along line XV-
XV’-XV" of FIG. 14.

[0230] Referring to FIGS. 14 and 15, the liquid crystal
panel assembly includes a lower panel 100 and an upper
panel 200 that are opposite to each other, and a liquid
crystal layer 3 therebetween.

[0231] A layered structure of the liquid crystal panel
assembly is substantially the same as that of the liquid
crystal panel assembly shown in FIGS. 9 and 10.
[0232] A plurality of gate conductors including a plu-
rality of gate lines 121 and a plurality of storage electrode
lines 131 are formed on the insulation substrate 110.
[0233] Each of the gate lines 121 includes the first and
second gate electrodes 124c¢ and 124d and an end part
129.

[0234] Agateinsulating layer 140 is formed on the gate
conductors 121 and 131.

[0235] A plurality of semiconductor stripes 151 includ-
ing the first and second protrusions 154c and 154d are
formed on the gate insulating layer 140, and a plurality
of ohmic contact stripes 161 and a plurality of ohmic con-
tact islands 165c having protrusions 163c are formed
thereon.

[0236] A data conductor including a plurality of pairs
of first and second data lines 171 c and 171d and a plu-
rality of first and second drain electrodes 175c and 175d
is formed on the ohmic contacts 161 and 165c.

[0237] The first and second data lines 171c and 171d
include a plurality of first and second source electrodes
173c and 173d, respectively, and an end part 179c and
the first and second drain electrodes 175¢ and 175d in-

10

15

20

25

30

35

40

45

50

55

12

22

clude protrusions 177c and 177d.

[0238] A passivation layer 180 is formed on the data
conductors 171c, 171d, 175c, and 175d and the exposed
parts of the semiconductors 154c and 154d, and a plu-
rality of contact holes 181, 182c, 182d, 185c, and 185d
are formed on the passivation layer 180 and the gate
insulating layer 140.

[0239] A plurality of pixel electrodes 191 including the
first and second subpixel electrodes 191 c and 191d and
a plurality of contact assistants 81, 82c, and 82d are
formed on the passivation layer 180, and cutouts 91cand
91d are formed inthe firstand second subpixel electrodes
191 c and 191 d, respectively.

[0240] An alignment layer 11 is formed on the pixel
electrode 191, the contact assistants 81, 82c, and 82d,
and the passivation layer 180.

[0241] A light blocking member 220, a common elec-
trode 270 having a plurality of color filters 230, an over-
coat 250, cutouts 71 ¢ and 71d, and an alignment layer
21 are formed on the insulation substrate 210.

[0242] In a liquid crystal panel assembly according to
the present exemplary embodiment, the number of gate
lines 121 is half and the number of data lines 171 c and
171d is twice, compared with the liquid crystal panel as-
sembly shown in FIGS. 9 and 10.

[0243] The firstand second thin film transistors Qc and
Qd that are connected to the first and second subpixel
electrodes 191 ¢ and 191d constituting pixel electrode
191 are connected to the same gate line 121 and different
data lines 171c and 171d.

[0244] The firstand second thin film transistors Qc and
Qd are positioned in the right side of the first and second
data lines 171c and 171d.

[0245] The semiconductors 154c and 154d extend
along the data line 171 and the drain electrodes 175¢c
and 175d to constitute a semiconductor stripe 151, and
the ohmic contact 163c extends along the data line 171
to constitute an ohmic contact stripe 161.

[0246] The semiconductor stripe 151 has substantially
the same flat shape as each of the data line 171s, the
drain electrodes 175¢c and 175d, and the lower ohmic
contacts 161 and 165c.

[0247] Although the data lines 171 comprise a pair of
lines, transmittance is considerably improved.

[0248] A data voltage may be applied to the first and
second subpixel electrodes 191c and 191d without great-
ly deteriorating an aperture ratio.

[0249] Thereafter, in a method of manufacturing a thin
film transistor array panel according to an exemplary em-
bodiment of the present invention, a data line 171, drain
electrodes 175c and 175d, a semiconductor 151, and
ohmic contacts 161 and 165c are formed with one pho-
tolithography process.

[0250] In a photosensitive film that is used in a photo-
lithography process, a thickness thereof changes de-
pending on a position thereof, and the photosensitive film
includes a first part and a second part, particularly in de-
creasing order of thickness.
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[0251] The first part is positioned in a wiring region
where the data line 171 and the drain electrodes 175c
and 175d are positioned, and the second part is posi-
tioned in a channel region of a thin film transistor.
[0252] There are several methods of changing a thick-
ness of a photosensitive film depending on position, and
the methods include, for example, a method of providing
alighttransmitting area, alight blocking area, and a trans-
lucent area in a photomask.

[0253] A thin film that has a slit pattern or a lattice pat-
ternis provided in a translucent area. When a slit pattern
is used, a width of a slit or an interval between slits may
be smaller than the resolution of a light exposer that is
used in a photolithography process.

[0254] Another example includes a method of using a
photosensitive film that can flow. After forming the pho-
tosensitive film that can flow with a normal exposure
mask having only a light transmitting region and a light
blocking region, a thin portion is formed by flowing the
photosensitive film to a region where the photosensitive
film is not present, thereby simplifying manufacturing.
[0255] A liquid crystal panel assembly according to an
exemplary embodiment of the present invention will be
described in detail with reference to the FIGS. 1, 2, and
16.

[0256] FIG. 16 is an equivalent circuit diagram of a
pixel of a liquid crystal panel assembly according to an
exemplary embodiment of the present invention.

[0257] Referring to FIG. 16, the liquid crystal panel as-
sembly includes signal lines including a plurality of gate
lines GL and a plurality of data lines DL, and a plurality
of pixels PX that are connected thereto.

[0258] Each pixel PXincludes a pair of first and second
subpixels PXe and PXf, and a coupling capacitor Ccp
that is connected between the two subpixels PXe and
PXf.

[0259] The first subpixel PXe includes a switching el-
ement Q that is connected to the corresponding gate line
GL and data line DL and a first liquid crystal capacitor
Clce and a storage capacitor Cst that are connected
thereto, and the second subpixel PXf includes a second
liquid crystal capacitor Clcf that is connected to the cou-
pling capacitor Ccp.

[0260] The switching element Q is a three terminal el-
ement such as a thin film transistor that is provided in the
lower panel 100, and a control terminal thereof is con-
nected to the gate line GL, an input terminal thereof is
connected to the data line DL, and an output terminal
thereof is connected to the liquid crystal capacitor Cice,
the storage capacitor Cste, and the coupling capacitor
Ccp.

[0261] The switching element Q applies a data voltage
from a data line DL to the first liquid crystal capacitor Clce
and the coupling capacitor Ccp depending on a gate sig-
nal from the gate line GL, and the coupling capacitor Ccp
changes a magnitude of the voltage and transfers the
voltage to the second liquid crystal capacitor Clcf.
[0262] Ifacommon voltage Vcomis applied to the stor-
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age capacitor Cste and capacitors Clce, Cste, Clcf, and
Ccp and capacitances thereof are designated by the
same reference numerals, a voltage Ve that is charged
in the first liquid crystal capacitor Clce and a voltage Vf
that is charged in the second liquid crystal capacitor Clcf
have the following relationship.

Vf=Vex[Ccp/(Ccp+Cicf)]

[0263] Because a value of Ccp/(Ccp+Cicf) is smaller
than 1, a voltage Vf that is charged in the second liquid
crystal capacitor Clcf is always smaller than a voltage Ve
that is charged in the first liquid crystal capacitor Clce.
[0264] The relationship is realized even though a volt-
age that is applied to the storage capacitor Cste is not a
common voltage Vcom.

[0265] An appropriate ratio of a voltage Ve of the first
liquid crystal capacitor Clce and a voltage Vf of the sec-
ond liquid crystal capacitor Clcf can be obtained by ad-
justing capacitance of the coupling capacitor Ccp.
[0266] Having described exemplary embodiments of
the present invention, it is to be understood that the in-
vention is not limited to the disclosed embodiments, but,
on the contrary, is intended to cover modifications within
the scope of the appended claims.

Claims
1. Aliquid crystal display comprising:

a first substrate (110); and

a plurality of pixel electrodes (191) formed in a
plane on the substrate (110), each of the pixel
electrodes (191) having first and second subpix-
el electrodes (191a, 191b),

wherein the firstand second subpixel electrodes
(191a, 191b) are adjacently disposed in a lateral
direction in the plane of the pixel electrodes
(191),

each of the first and second subpixel electrodes
(191a, 191b) has at least two electrode pieces
(191a1, 191a2; 191b1 to 191b6) each having
the shape of an oblique-angled parallelogram,
said at least two electrode pieces (191af,
191a2; 191b1 to 191b6) being inclined in differ-
ent directions from a direction normal to said lat-
eral direction in said plane of the pixel electrodes
(191),

wherein at least one of the electrode pieces
(191b1 to 191b6) of the second subpixel elec-
trode (191b) is positioned adjacent to the first
subpixel electrode (191 a) in a direction perpen-
dicular to said lateral direction,

characterized in that

each of the electrode pieces (191a1, 191a2,
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191b1 to 191b6) has a side substantially parallel
to said lateral direction, and

at least one electrode piece (191a1, 191a2) of
the first subpixel electrode (191a) and at least
one electrode piece (191b1 to 191 b6) of the
second subpixel electrode (191b) are adjacently
disposed in said lateral direction, and

the number of the electrode pieces (191b1 to
191b6) of the second subpixel electrode (191b)
is greater than the number of the electrode piec-
es (191a1, 191a2) of the first subpixel electrode
(191a).

The liquid crystal display of claim 1, wherein the first
subpixel electrode (191a) comprises one right-incli-
nation electrode piece (191a1) and one left-inclina-
tion electrode piece (191a2) respectively inclined to
the right side and the left side from said direction
normal to said lateral direction in said plane of the
pixel electrodes (191); and

the second subpixel electrode (191b) comprises
three right-inclination electrode pieces (191b1,
191b4, 191b6) and three left-inclination electrode
pieces (191b2, 191b3, 191b5) respectively inclined
to the right side and the left side from said direction
normal to said lateral direction in said plane of the
pixel electrodes (191).

The liquid crystal display of claim 2, wherein a pair
of the right-inclination and left-inclination electrode
pieces (191 b1, 191 b3; 191 b4, 191 b2) are alter-
nately arranged in said direction perpendicular to the
lateral direction in the plane of the pixel electrodes
(191).

The liquid crystal display of claim 1, wherein the di-
mension of an electrode piece (191a1, 191 a2) of
the first subpixel electrode (191a) in said direction
perpendicular to the lateral direction is between
about 1 to about 2.5 times the corresponding dimen-
sion of the electrode piece (191b6; 191b5) that is
positioned in the plane of the pixel electrodes (191)
adjacent to the first subpixel electrode (191a) in said
direction perpendicular to the lateral direction.

The liquid crystal display of claim 1, wherein the first
subpixel electrode (191 a) comprises one right-incli-
nation electrode piece (191 a2) and one left-inclina-
tion electrode piece (191a1) respectively inclined to
the right side and the left side from said direction
normal to said laternal direction in said plane of the
pixel electrodes (191); and

the second subpixel electrode (191b) comprises two
right-inclination electrode pieces (191b2, 191b4)
and two left-inclination electrode pieces (191bf1,
191b3) respectively inclined to the right side and the
left side from said direction normal to said laternal
direction in said plane of the pixel electrodes (191).
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The liquid crystal display of claim 1, wherein an in-
version symmetry axis of the first subpixel electrode
(191a) and an inversion symmetry axis of the second
subpixel electrode (191b) are mutually aligned.

The liquid crystal display of claim 1, wherein the di-
mension of a electrode piece of the first subpixel
electrode (191a) and the dimension of a electrode
piece of the second subpixel electrode (191b) in said
direction perpendicular to the lateral direction are
substantially the same.

The liquid crystal display of any one of claims 1,
wherein the area of the second subpixel electrode
(191b) is between about 1.1 to about 3 times the
area of the first subpixel electrode (191a).

The liquid crystal display of claim 1, further compris-
ing a common electrode (CE; 270) positioned oppo-
site to the pixel electrodes (PE; 191), the common
electrode (CE; 270) having a cutout (71a, 71b, 71b1,
71b2, and 71b3),

wherein each of the electrode pieces (196, 197;
191a1, 191a2; 191b1 to 191b6) comprises a pair of
oblique edges (1960, 1970) parallel to each other;
and

the cutout (71a, 71b, 71b1, 71b2, and 71b3) of the
common electrode (CE;270) comprises an oblique
portion (610 and 620) crossing the first and second
subpixel electrodes (PEa, PEb; 191a, 191b) in plan-
view, the oblique portion (610 and 620) being sub-
stantially parallel to the oblique edges (1960, 1970)
of arespectively opposed electrode piece (196, 197;
191a1, 191a2; 191b1 to 191b6).

The liquid crystal display of claim 1, further compris-
ing a first thin film transistor (Qa, Qc) connected to
the first subpixel electrode (PEa; 191 a);

a second thin film transistor (Qb, Qd) connected to
the second subpixel electrode (PEb; 191 b);

a first signal line (GLa; DLc) connected to the first
thin film transistor (Qa, Qc);

a second signal line (GLb; DLd) connected to the
second thin film transistor (Qb, Qd); and

a third signal line (DL; GL) connected to the first and
second thin film transistors (Qa, Qc; Qb, Qd) and
intersecting the first and second signal lines (GLa,
DLc; GLb, DLd).

The liquid crystal display of claim 10, wherein the
first and second thin film transistors (Qa, Qc; Qb,
Qd) are arranged to be turned on depending on a
signal from the first and second signal lines (GLa,
DLc; GLb, DLd), respectively, in order to transfer a
signal from the third signal line (DL; GL).

The liquid crystal display of claim 10, wherein the
first and second thin film transistors (Qa, Qc; Qb,
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Qd) are arranged to be turned on depending on a
signal from the third signal line (DL; GL), in order to
respectively transfer a signal from the first and sec-
ond signal lines (GLa, DLc; GLb, DLd).

The liquid crystal display of claim 10, further com-
prising an organic layer formed (180) between the
first and second thin film transistors (Qa, Qc; Qb,
Qd) and the pixel electrodes (PE; 191).

The liquid crystal display of claim 13, wherein at least
one signal line among the first to third signal lines is
a data line (DL) arranged to transfer a data signal,
the area in which the data line (DL) is overlapped
with a first subpixel electrode (PEa; 191a) and the
area in which the data line (DL) is overlapped with a
second subpixel electrode (PEb; 191b) are substan-
tially equal to each other, wherein the first and sec-
ond subpixel electrodes (PEa, PEb; 191a, 191b)
overlapping the dataline (DL) are coupled to respec-
tive adjacent pixel electrodes (PE; 191).

The liquid crystal display of claim 1, wherein the first
subpixel electrode (PEa; 191a) and the second sub-
pixel electrode (PEb; 191b) are coupled to each oth-
er through capacitive coupling.

The liquid crystal display of claim 15, further com-
prising a thin film transistor (Qa, Qc; Qb, Qd) con-
nected to the first subpixel electrode (PEa; 191a);
a data line (DL) connected to the thin film transistor
(Qa, Qc; Qb, Qd); and

an organic layer (180) formed between the thin film
transistor (Qa, Qc; Qb, Qd) and the pixel electrodes
(PE; 191).

The liquid crystal display of claim 16, wherein the
area in which the data line is overlapped with a first
subpixel electrode (PEa; 191a) and the areain which
the data line is overlapped with a second subpixel
electrode (PEb; 191b) are substantially equal to each
other,

wherein the first and second subpixel electrodes
(PEa, PEb; 191a, 191b) overlapping the data line
are coupled to respective adjacent pixel electrodes
(PE; 191).

The liquid crystal display of claim 1, further compris-
ing data lines (171) each traversing the pixel elec-
trode (191) in a vertical direction normal to said lat-
eral direction and overlapping a portion of the first
subpixel electrode (191a) and/or a portion of the sec-
ond subpixel electrode (191b).

Patentanspriiche

1.

Flissigkristallanzeige, die Folgendes umfasst:
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ein erstes Substrat (110); und

eine Mehrzahl von Pixelelektroden (191), die in
einer Ebene auf dem Substrat (110) ausgebildet
sind, wobei jede der Pixelelektroden (191) erste
und zweite Subpixelelektroden (191a, 191 b)
aufweist,

wobei die ersten und zweiten Subpixelelektro-
den (191a, 191b) in der Ebene der Pixelelektro-
den (191) einander in seitlicher Richtung be-
nachbart angeordnet sind,

wobeijede der ersten und zweiten Subpixelelek-
troden (191a, 191b) mindestens zwei Elektro-
denteile (191a1, 191a2; 191b1 bis 191b6) auf-
weist, deren jeder die Form eines schiefwinke-
ligen Parallelogramms aufweist, wobei die min-
destens zwei Elektrodenteile (191a1, 191a2;
191b1 bis 191b6) von einer Richtung im rechten
Winkel zur seitlichen Richtung in der Ebene der
Pixelelektroden (191) in unterschiedliche Rich-
tungen geneigt sind,

wobei mindestens einer der Elektrodenteile
(191b1 bis 191b6) der zweiten Subpixelelektro-
de (191b) angrenzend an die erste Subpixel-
elektrode (191a) in einer Richtung vertikal zur
seitlichen Richtung positioniert ist,

dadurch gekennzeichnet, dass

jeder der Elektrodenteile (191a1, 191a2; 191b1
bis 191b6) eine Seite aufweist, die im wesentli-
chen parallel zu der seitlichen Richtung ist, und
mindestens ein Elektrodenteil (191a1, 191a2)
der ersten Subpixelelektrode (191a) und minde-
stens ein Elektrodenteil (191b1 bis 191b6) der
zweiten Subpixelelektrode (191b) aneinander
angrenzend in der seitlichen Richtung angeord-
net sind, und die Anzahl der Elektrodenteile
(191b1 bis 191b6) der zweiten Subpixelelektro-
de (191b) grofRer ist als die Anzahl der Elektro-
denteile (191a1, 191a2) der ersten Subpixel-
elektrode (191a).

Flussigkristallanzeige gemaf Anspruch 1, wobei die
erste Subpixelelektrode (191a) einen rechts geneig-
ten Elektrodenteil (191a1) und einen links geneigten
Elektrodenteil (191a2) aufweist, die von der Rich-
tung normal zur seitlichen Richtung in der Ebene der
Pixelelektroden (191) zur rechten Seite bzw. zur lin-
ken Seite geneigt sind; und wobei

die zweite Subpixelelektrode (191 b) drei rechts ge-
neigte Elektrodenteile (191b1, 191 b4, 191 b6) und
drei links geneigte Elektrodenteile (191 b2, 191 b3,
191 b5) aufweist, die von der Richtung normal zur
seitlichen Richtung in der Ebene der Pixelelektroden
(191) zur rechten Seite bzw. zur linken Seite geneigt
sind.

Flussigkristallanzeige gemaf Anspruch 2, wobei ein
Paar der rechts geneigten und der links geneigten
Elektrodenteile (191a1, 191a3; 191b4, 191b2) ab-
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wechselnd in der Richtung vertikal zur seitlichen
Richtung in der Ebene der Pixelelektroden (191) an-
geordnet sind.

Flussigkristallanzeige gemaR Anspruch 1, wobei die
Dimension eines Elektrodenteils (191a1, 191a2) der
ersten Subpixelelektrode (191a) in der Richtung ver-
tikal zur seitlichen Richtung zwischen etwa 1 bis et-
wa 2,5 Mal der entsprechenden Dimension des Elek-
trodenteils (191b6, 191b5) entspricht, derin der Ebe-
ne der Pixelelektroden (191) angrenzend an die er-
ste Subpixelelektrode (191a) in der Richtung vertikal
zu der seitlichen Richtung angeordnet ist.

Flussigkristallanzeige gemaf Anspruch 1, wobei die
erste Subpixelelektrode (191a) einen rechts geneig-
ten Elektrodenteil (191a2) und einen links geneigten
Elektrodenteil (191a1) umfasst, die von der Richtung
normal zur seitlichen Richtung in der Ebene der Pi-
xelelektroden (191) zur rechten Seite bzw. zur linken
Seite geneigt sind; und

die zweite Subpixelelektrode (191b) zwei rechts ge-
neigte Elektrodenteile (191b2, 191b4) und zwei links
geneigte Elektrodenteile (191b1, 191b3) umfasst,
die von der Richtung normal zur seitlichen Richtung
in der Ebene der Pixelelektroden (191) zur rechten
Seite bzw. zur linken Seite geneigt sind.

Flissigkristallanzeige gemaf Anspruch 1, wobei ei-
ne Inversionssymmetrieachse der ersten Subpixel-
elektrode (191a) und eine Inversionssymmetrieach-
se der zweiten Subpixelelektrode (191 b) aneinan-
der ausgerichtet sind.

Flissigkristallanzeige gemaf Anspruch 1, wobei die
Dimension eines Elektrodenteils der ersten Subpi-
xelelektrode (191a) und die Dimension eines Elek-
trodenteils der zweiten Subpixelelektrode (191b) in
der Richtung vertikal zu der seitlichen Richtung im
wesentlichen gleich sind.

Flissigkristallanzeige gemaf Anspruch 1, wobei die
Flache der zweiten Subpixelelektrode (191b) zwi-
schen etwa 1,1 bis etwa 3 Mal der Flache der ersten
Subpixelelektrode (191a) entspricht.

Flissigkristallanzeige geman Anspruch 1, die ferner
eine gemeinsame Elektrode (CE; 270) umfasst, die
gegeniiber den Pixelelektroden (PE; 191) angeord-
net ist, wobei die gemeinsame Elektrode (CE; 270)
einen Ausschnitt (71a, 71b, 71b1, 71b2 und 71b3)
aufweist,

wobei jeder der Elektrodenteile (196, 197; 191a1,
191a2; 191b1 bis 191b6) ein Paar schrager, parallel
zueinander angeordneter Kanten (1960, 1970) um-
fasst; und

der Ausschnitt (71a, 71b, 71b1, 71b2 und 71b3) der
gemeinsamen Elektrode (CE; 270) einen schragen

10

15

20

25

30

35

40

45

50

55

16

EP 1762 884 B1

10.

1.

12,

13.

14,

30

Abschnitt (610 und 620) umfasst, der die erste und
die zweite Subpixelelektrode (PEa; PEb; 191a,
191b) in Draufsicht kreuzt, wobei der schrage Ab-
schnitt (610 und 620) im wesentlichen parallel zu
den schréagen Kanten (1960, 1970) eines jeweils ge-
genuber angeordneten Teils (196, 197; 191a1,
191a2; 191b1 bis 191b6) angeordnet ist.

Flussigkristallanzeige gemaf Anspruch 1, die ferner
umfasst:

einen ersten Dinnschichttransistor (Qa, Qc),
der mit der ersten Subpixelelektrode (PEa;
191a) verbunden ist;

einen zweiten Dlnnschichttransistor (Qb, Qd),
der mitder zweiten Subpixelelektrode (PEb; 191
b) verbunden ist;

eine erste Signalleitung (GLa; DLc), die mitdem
ersten Dinnschichttransistor (Qa, Qc) verbun-
den ist;

eine zweite Signalleitung (GLb; DLd), die mit
dem zweiten Dulnnschichttransistor (Qb, Qd)
verbunden ist; und

eine dritte Signalleitung (DL; GL), die mit dem
ersten und dem zweiten Dinnschichttransistor
(Qa,, Qc; Qb, Qd) verbunden ist und die erste
und zweie Signalleitung (GLa, DLc; GLb, DLd)
kreuzt.

Flussigkristallanzeige gemal Anspruch 10, wobei
der erste und der zweite Diinnschichttransistor (Qa,
Qc; Qb, Qd) so angeordnet sind, dass sie in Abhan-
gigkeit von einem Signal von der ersten bzw. zweiten
Signalleitung (GLa, DLc; GLb, DLd) eingeschaltet
werden, um ein Signal von der dritten Signalleitung
(DL; GL) zu Ubertragen.

Flussigkristallanzeige gemal Anspruch 10, wobei
der erste und der zweite Dlinnschichttransistor (Qa,
Qc; Qb, Qd) so angeordnet sind, dass sie in Abhan-
gigkeitvon einem Signal von der dritten Signalleitung
(DL; GL) eingeschaltet werden, um ein Signal von
der ersten bzw. zweiten Signalleitung (GLa, DLc;
GLb, DLd) zu Ubertragen.

Flissigkristallanzeige gemaf Anspruch 10, die fer-
ner eine organische Schicht umfasst, die zwischen
dem ersten und zweiten Diinnschichttransistor (Qa,
Qc; Qb, Qd) und den Pixelelektroden (PE; 191) aus-
gebildet (180) ist.

Flussigkristallanzeige gemal Anspruch 13, wobei
mindestens eine Signalleitung unter den ersten bis
dritten Signalleitungen eine Datenleitung (DL) ist, die
dazu angeordnet ist, ein Datensignal zu Gbertragen,
wobei die Flache, in der sich die Datenleitung (DL)
mit einer ersten Subpixelelektrode (PEa; 191a) Gber-
lappt, und die Flache, in der sich die Datenleitung
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(DL) mit einer zweiten Subpixelelektrode (PEDb;
191b) Uberlappt, im wesentlichen gleich sind, wobei
die erste und die zweite Subpixelelektrode (PEa,
PEb; 191a, 191b), welche die Datenleitung (DL)
Uberlappen, mit entsprechenden benachbarten Pi-
xelelektroden (PE; 191) gekoppelt sind.

Flussigkristallanzeige gemaf Anspruch 1, wobei die
erste Subpixelelektrode (PEa; 191a) und die zweite
Subpixelelektrode (PEb; 191 b) durch eine kapaziti-
ve Kopplung aneinander gekoppelt sind.

Flussigkristallanzeige gemaR Anspruch 15, die fer-
ner umfasst:

einen mit der ersten Subpixelelektrode (PEa;
191a) verbundenen Diinnschichttransistor (Qa;
Qc; Qb, Qd);

eine mit dem Diinnschichttransistor (Qa, Qc;
Qb, Qd) verbundene Datenleitung (DL); und ei-
ne organische Schicht (180), die zwischen dem
Diinnschichttransistor (Qa, Qc; Qb, Qd) und den
Pixelelektroden (PE; 191) ausgebildet ist.

Flussigkristallanzeige gemafR Anspruch 16, wobei
die Flache, in der sich die Datenleitung (DL) mit einer
ersten Subpixelelektrode (PEa; 191a) Uberlappt,
und die Flache, in der sich die Datenleitung (DL) mit
einer zweiten Subpixelelektrode (PEb; 191b) Uber-
lappt, im wesentlichen gleich sind,

wobei die erste und die zweite Subpixelelektrode
(PEa, PEb; 191a, 191b), welche die Datenleitung
Uberlappen, mit entsprechenden benachbarten Pi-
xelelektroden (PE; 191) gekoppelt sind.

Flussigkristallanzeige gemaR Anspruch 1, die ferner
Datenleitungen (171) umfasst, die jeweils die Pixel-
elektrode (191) in vertikaler Richtung normal zu der
seitlichen Richtung queren und einen Abschnitt der
ersten Subpixelelektrode (191a) und/oder einen Ab-
schnitt der zweiten Subpixelelektrode (191b) tber-
lappen.

Revendications

1.

Afficheur a cristaux liquides comprenant :

un premier substrat (110) ; et

une pluralité d’électrodes de pixel (191) formées
dans un plan sur le substrat (110), chacune des
électrodes de pixel (191) ayant une premiere
électrode de sous-pixel et une deuxieme (191
a, 191 b),

dans lequel les premiére et deuxiéme électro-
des de sous-pixel (191a, 191b) sont disposées
adjacentes dans un sens latéral dans le plan
des électrodes de pixel (191),
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2,

3.

4,

chacune des premiére et seconde électrodes de
sous-pixel (191 a, 191 b) ayant au moins deux
parties d’électrode (191a1,191a2 ;191b1a 191
b6) dont chacune a laforme d’un parallélogram-
me a angles obliques, lesdites au moins deux
parties d’électrode (191a1, 191 a2; 191 b1 a
191 b6) étant inclinées dans des directions dif-
férentes par rapport a une direction perpendicu-
laire a ladite direction latérale dans ledit plan
des électrodes de pixel (191),

dans lequel au moins une des parties d’électro-
de (191b1 a 191 b6) de la deuxiéme électrode
de sous-pixel (191 b) est positionnée adjacente
a la premiére électrode de sous-pixel (191a)
dans une direction perpendiculaire a ladite di-
rection latérale,

caractérisé en ce que

chacune des parties d’électrode (191a1, 191a2,
191b1a191b6) aun cété sensiblement paralléle
a ladite direction latérale, et

au moins une partie d’électrode (191a1, 191a2)
de la premiére électrode de sous-pixel (191a)
et au moins une partie d’électrode (191b1 a 191
b6) de la deuxieme électrode de sous-pixel (191
b) sont disposées adjacentes dans ladite direc-
tion latérale, et

le nombre des parties d’électrode (191b1 to 191
b6) de la deuxieme électrode de sous-pixel (191
b) est plus grand que le nombre de parties
d’électrode (191a1, 191 a2) de la premiére élec-
trode de sous-pixel (191 a).

Afficheur a cristaux liquides selon la revendication
1, dans lequel la premiere électrode de sous-pixel
(191a) comprend une partie d’électrode inclinée a
droite (191a1) et une partie d’électrode inclinée a
gauche (191 a2) inclinées respectivement vers la
droite et la gauche a partir de ladite direction per-
pendiculaire a ladite direction latérale dans ledit plan
des électrodes de pixel (191) ; et

la deuxiéme électrode de sous-pixel (191 b) com-
prend trois parties d’électrode inclinées a droite
(191b1, 191 b4, 191 b6) et trois parties d’électrodes
inclinées a gauche (191 b2, 191 b3, 191b5) inclinées
respectivement vers la droite et la gauche a partir
de ladite direction perpendiculaire a ladite direction
latérale dans ledit plan des électrodes de pixel (191).

Afficheur a cristaux liquides selon la revendication
2, dans lequel des paires d’électrodes inclinées a
droite etinclinées a gauche (191b1, 191 b3 ; 191 b4,
191 b2) sont disposées alternativement dans ladite
direction perpendiculaire a la direction latérale dans
le plan des électrodes de pixel (191).

Afficheur a cristaux liquides selon la revendication
1, dans lequel la dimension d’'une partie d’électrode
(191a1, 191a2) de la premiére électrode de sous-
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pixel (191 a) dans ladite direction perpendiculaire a
la direction latérale est comprise entre environ 1 et
environ 2,5 fois la dimension correspondante de la
partie d’électrode (191b6 ; 191b5) qui est position-
née dans le plan des électrodes de pixel (191) en
position adjacente a la premiére électrode de sous-
pixel (191a) dans ladite direction perpendiculaire a
la direction latérale.

Afficheur a cristaux liquides selon la revendication
1, dans lequel la premiere électrode de sous-pixel
(191 a) comprend une partie d’électrode inclinée a
droite (191a1) et une partie d’électrode inclinée a
gauche (191 a2) inclinées respectivement vers la
droite et la gauche a partir de ladite direction per-
pendiculaire a ladite direction latérale dans ledit plan
des électrodes de pixel (191) ; et

a deuxieme électrode de sous-pixel (191 b) com-
prend deux parties d’électrode inclinées a droite
(191b2, 191b4) et deux parties d’électrodes incli-
nées a gauche (191b1, 191 b3) inclinées respecti-
vement vers la droite et la gauche a partir de ladite
direction perpendiculaire a ladite direction latérale
dans ledit plan des électrodes de pixel (191).

Afficheur a cristaux liquides selon la revendication
1, dans lequel un axe de symétrie inversée de la
premiére électrode de sous-pixel (191a) et un axe
de symétrie inversée de la deuxiéme électrode de
sous-pixel (191b) sont alignés I'un sur l'autre.

Afficheur a cristaux liquides selon la revendication
1, dans lequel la dimension d’une partie d’électrode
de la premiére électrode de sous-pixel (191a) et la
dimension d’'une partie d’électrode de la deuxieme
électrode de sous-pixel (191 b) dans ladite direction
perpendiculaire a la direction latérale sont sensible-
ment égales.

Afficheur a cristaux liquides selon I'une quelconque
des revendications 1, dans lequel la surface de la
deuxiéme électrode de sous-pixel (191 b) est com-
prise entre environ 1,1 et environ 3 fois la surface
de la premiére électrode de sous-pixel (191a).

Afficheur a cristaux liquides selon la revendication
1, comprenant en outre une électrode commune
(CE ; 270) positionnée a 'opposé des électrodes de
pixel (PE ; 191), laquelle électrode commune (CE ;
270) comporte une découpe (71a, 71b, 71b1, 71b2
et 71b3),

chacune des parties d’électrode (196, 197 ; 191a1,
191a2; 191b1 a 191b6) comprenant une paire de
bords obliques (1960, 1970) paralléles I'un a 'autre ;
et

la découpe (71a, 71b, 71b1, 71b2 et 71b3) de I'élec-
trode commune (CE ; 270) comprenant une partie
oblique (610 et 620) qui croise la premiére électrode
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de sous-pixel et la deuxiéme (PEa, PEb ; 191 a, 191
b) en vue en plan, la partie oblique (610 et 620) étant
sensiblement paralléle aux bords obliques (1960,
1970) d’'une partie d’électrode (196, 197 ; 191a1,
191a2 ; 191b1 a 191 b6) opposée.

10. Afficheur a cristaux liquides selon la revendication

1, comprenant en outre un premier transistor a film
mince (Qa, Qc) connecté a la premiére électrode de
sous-pixel (PEa ; 191 a) ;

un deuxiéme transistor a film mince (Qb, Qd) con-
necté a la deuxiéme électrode de sous-pixel (PEb ;
191b) ;

une premiére ligne de signal (GLa ; DLc) connectée
au premier transistor a film mince (Qa, Qc) ;

une deuxiéme ligne de signal (GLb ; DLd) connectée
au deuxieme second transistor a film mince (Qb,
Qd) ; et

une troisiéme ligne de signal (DL ; GL) connectée
aux premier et deuxieme transistors a film mince
(Qa, Qc; Qb, Qd) et qui croise les premiére et
deuxiéme lignes de signal (GLa, DLc ; GLb, DLd).

11. Afficheur a cristaux liquides selon la revendication

10, dans lequel le premier transistor a film mince et
le deuxiéme (Qa, Qc ; Qb, Qd) sont disposés de fa-
con a étre réglés en fonction d’un signal de la pre-
miére ligne de signal et de la deuxiéme (GLa, DLc ;
GLb, DLd), respectivement, afin de transférer un si-
gnal provenant de la troisieme ligne de signal (DL ;
GL).

12. Afficheur a cristaux liquides selon la revendication

10, dans lequel les premier et deuxiéme transistors
a film mince (Qa, Qc ; Qb, Qd) sont disposés pour
étre ajustés en fonction d’un signal provenant de la
troisiéme ligne de signal (DL ; GL), afin de transmet-
tre respectivement un signal depuis la premiére ligne
de signal et la deuxieme (GLa, DLc ; GLb, DLd).

13. Afficheur a cristaux liquides selon la revendication

10, comprenant en outre une couche organique
(180) formée entre les premier et deuxieme transis-
tors a film mince (Qa, Qc ; Qb, Qd) et les électrodes
de pixel (PE ; 191).

14. Afficheur a cristaux liquides selon la revendication

13, dans lequel au moins une ligne de signal parmi
les premiére a troisiéme lignes de signal estune ligne
de données (DL) disposée de fagon a transmettre
un signal de données ;

a zone dans laquelle la ligne de données (DL) est
recouverte par une premiére électrode de sous-pixel
(PEa ; 191a) etla zone dans laquelle la ligne de don-
nées (DL) est recouverte par une deuxiéme électro-
de de sous-pixel (PEb; 191 b) sont sensiblement
égales I'une al'autre, la premiére électrode de sous-
pixel etla deuxiéme (PEa, PEb ; 191 a, 191b) recou-
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vrant la ligne de données DL) étant couplées a des
électrodes de pixel (PE ; 191) adjacentes respecti-
ves.

Afficheur a cristaux liquides selon la revendication
1, dans lequel la premiéere électrode de sous-pixel
(PEa ; 191a) et la deuxieme électrode de sous-pixel
(PEb ; 191 b) sont couplées I'une a 'autre par cou-
plage capacitif.

Afficheur a cristaux liquides selon la revendication
15, comprenant en outre un transistor a film mince
(Qa, Qc ; Qb, Qd) connecté a la premiére électrode
de sous-pixel (PEa ; 191 a) ;

une ligne de données (DL) connectée au transistor
a film mince (Qa, Qc ; Qb, Qd) ; et

une couche organique (180) formée entre le transis-
tor a film mince (Qa, Qc ; Qb, Qd) et les électrodes
de pixel (PE ; 191).

Afficheur a cristaux liquides selon la revendication
16, dans lequel la zone dans laquelle la ligne de don-
nées est recouverte par une premiére électrode de
sous-pixel (PEa ; 191a) et la zone dans laquelle la
ligne de données est recouverte par une deuxiéme
électrode de sous-pixel (PEb ; 191 b) sont sensible-
ment égales,

la premiére électrode de sous-pixel et la deuxiéme
(PEa, PEb ; 191 a, 191 b) recouvrant la ligne de don-
nées étant couplées a des électrodes de pixel (PE ;
191) adjacentes respectives.

Afficheur a cristaux liquides selon la revendication
1, comprenant en outre des lignes de données (171)
traversant chacune I'électrode de pixel (191) dans
une direction verticale et perpendiculaire a ladite di-
rection latérale et recouvrant une partie de la pre-
miére électrode de sous-pixel (191a) et/ou une partie
de la deuxiéme électrode de sous-pixel (191 b).
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