EP 2 105 786 B1

(1 9) Europaisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 2105 786 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
07.03.2012 Bulletin 2012/10

(21) Application number: 08021670.8

(22) Date of filing: 12.12.2008

(51)

Int Cl.:
GO2F 1/1362(2006.01)
GO2F 1/1343(2006.01)

GO2F 1/1337 (2006.01)

(54) Liquid crystal display
FlUssigkristallanzeige

Affichage a cristaux liquides

(84) Designated Contracting States:
DE FR GB

(30) Priority: 28.03.2008 KR 20080029090

(43) Date of publication of application:
30.09.2009 Bulletin 2009/40

(73) Proprietor: Samsung Electronics Co., Ltd
Suwon-si, Gyeonggi-do 442-742 (KR)

(72) Inventors:
e Jung, Mee-Hye
Suwon-si,
Gyeonggi-do (KR)

(74)

(56)

Sohn, Ji-Won
Seoul (KR)

Lyu, Jae-Jin
Yongin-si,
Gyeonggi-do (KR)
Chai, Chong-Chul
Seoul (KR)

Representative: Dr. Weitzel & Partner
Patentanwailte

Friedenstrasse 10

89522 Heidenheim (DE)

References cited:
JP-A-2003 330 043
US-A1- 2007 097 279

US-A1- 2006 164 352
US-A1- 2008 018 573

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 105 786 B1 2

Description

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority from and the
benefit of Korean Patent Application No.

10-2008-0029090, filed on March 28, 2008.

BACKGROUND OF THE INVENTION

[0002] FIELD OF THE INVENTION

[0003] The present invention relates to a liquid crystal
display.

[0004] DISCUSSION OF THE BACKGROUND
[0005] Liquid crystal displays (LCDs) are one of the

most widely used flat panel displays, and an LCD in-
cludes a pair of panels provided with field-generating
electrodes, such as pixel electrodes and a common elec-
trode, and a liquid crystal (LC) layer disposed between
the two panels. The LCD displays images when voltages
are applied to the field-generating electrodes to generate
an electric field in the LC layer, which determines the
orientations of LC molecules therein, thereby adjusting
the polarization of light incident thereto.

[0006] Among LCDs, a vertical alignment (VA) mode
LCD, in which LC molecules are aligned such that the
long axes of the LC molecules are perpendicular to the
panels in the absence of an electric field, has been de-
veloped.

[0007] In a VA mode LCD, a wide viewing angle can
be realized due to cutouts, such as slits in the field-gen-
erating electrodes and protrusions on the field-generat-
ing electrodes. Since the cutouts and protrusions may
determine the tilt directions of the LC molecules, the tilt
directions may be distributed in several directions using
the cutouts and protrusions, thereby widening the refer-
ence viewing angle.

[0008] Also, a method for pretilting LC molecules in
the absence of an electric field has been developed to
improve the response speed of the LC molecules while
realizing a wide viewing angle. For the LC molecules to
pretilt in various directions, alignment layers having var-
ious alignment directions may be used. Alternatively, the
LC layer may be subjected to an electric field and a ther-
mal or light-hardened material may be added. Then light
may be irradiated onto the LC layer to harden the thermal
or light-hardening material, thereby pretilting the LC mol-
ecules.

[0009] However, the VA mode liquid crystal display
may have lower side visibility compared with front visi-
bility. To improve the side visibility, one pixel may be di-
vided into two subpixels and different voltages may be
applied to the subpixels.

[0010] VA mode LCD devices with improved side vis-
ibility are disclosed in US 2008/0018573, US
2006/0164352 and US 2007/0097279.
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SUMMARY OF THE INVENTION

[0011] The present invention provides a liquid crystal
display that may have a wide viewing angle and a fast
response speed, as well as excellent visibility and trans-
mittance.

[0012] Additional features of the invention will be set
forth in the description which follows, and in part will be
apparent from the description, or may be learned by prac-
tice of the invention.

[0013] The present invention provides a liquid crystal
display according to appended claim 1.

[0014] Preferably the liquid crystal display provided by
the present invention includes the features of appended
dependent claims 2-37.

[0015] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to pro-
vide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings together with the
description serve to explain the principles of the inven-
tion.

[0017] FIG. 1 is an equivalent circuit diagram of one
pixelin a liquid crystal display according to an exemplary
embodiment of the present invention.

[0018] FIG. 2is alayout view of a liquid crystal display
according to an exemplary embodiment of the present
invention.

[0019] FIG. 3 is a cross-sectional view of the liquid
crystal display shown in FIG. 2 taken along line IlI-1I.
[0020] FIG. 4 is a layout view of the liquid crystal dis-
play shown in FIG. 2 without the pixel electrode.

[0021] FIG. 5is atop plan view showing the pixel elec-
trode of the liquid crystal display show in FIG. 2.

[0022] FIG. 6 is atop plan view of a basic electrode of
the pixel electrode according to an exemplary embodi-
ment of the present invention.

[0023] FIG. 7 is an enlarged view of the portion of the
basic electrode shown in FIG. 6.

[0024] FIG. 8 is a view showing a process of pretilting
liquid crystal molecules using prepolymers polarized by
light such as ultraviolet rays.

[0025] FIG. 9 and FIG. 12 are layout views of a liquid
crystal display not according to the present invention and
FIG. 15is a layout view of a liquid crystal display accord-
ing to another exemplary embodiment of the present in-
vention.

[0026] FIG. 10, FIG. 13, and FIG. 16 are layout views
of the liquid crystal displays shown in FIG. 9, FIG. 12,
and FIG. 15 without the pixel electrodes.

[0027] FIG.11,FIG. 14,and FIG. 17 are top plan views
of the pixel electrodes in the liquid crystal displays shown
in FIG. 9, FIG. 12, and FIG. 15.

[0028] FIG. 18 is a top plan view of a portion of a pixel
electrode in a liquid crystal display according to another
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exemplary embodiment of the present invention.
[0029] FIG. 19 is a top plan view of the portion of the
pixel electrode shown in FIG. 18.

DETAILED DESCRIPTION OF THE ILLUSTRATED EM-
BODIMENTS

[0030] The invention is described more fully hereinaf-
ter with reference to the accompanying drawings, in
which embodiments of the invention are shown. This in-
vention may, however, be embodied in many different
forms and should not be construed as limited to the em-
bodiments set forth herein. Rather, these embodiments
are provided so that this disclosure is thorough, and will
fully convey the scope of the invention to those skilled in
the art. In the drawings, the size and relative sizes of
layers and regions may be exaggerated for clarity. Like
reference numerals in the drawings denote like elements.
[0031] It will be understood that when an element or
layeris referred to as being "on" or "connected to" another
element or layer, it can be directly on or directly connect-
ed to the other element or layer, or intervening elements
or layers may be present. In contrast, when an element
is referred to as being "directly on" or "directly connected
to" another element or layer, there are no intervening
elements or layers present.

[0032] FIG. 1 is an equivalent circuit diagram of one
pixelin a liquid crystal display according to an exemplary
embodiment of the present invention.

[0033] Referring to FIG. 1, a liquid crystal display ac-
cording to an exemplary embodiment of the present in-
vention includes signal lines, which include a plurality of
gate lines GL, a plurality of pairs of data lines DLa and
DLb, and a plurality of storage electrode lines SL, and a
plurality of pixels PX connected to the signal lines. The
liquid crystal display includes a lower panel 100 and an
upper panel 200 facing each other, and a liquid crystal
layer 3 disposed therebetween.

[0034] Each pixel PX includes a pair of subpixels PXa
and PXb. Each subpixel PXa/PXb includes a switching
element Qa/Qb, a liquid crystal capacitor Clca/Clcb, and
a storage capacitor Csta/Cstb.

[0035] Each switching element Qa/Qb is a three-ter-
minal element, such as a thin film transistor, provided on
a lower panel 100 and including a control terminal con-
nected to the gate line GL, an input terminal connected
to the data line DLa/DLb, and an output terminal con-
nected to the liquid crystal capacitor Clca/Clcb and the
storage capacitor Csta/Cstb.

[0036] The liquid crystal capacitor Clca/Clcb uses a
subpixel electrode and a common electrode 270 as two
terminals. The liquid crystal layer 3 between the elec-
trodes 191a/191b and 270 functions as a dielectric ma-
terial.

[0037] The storage capacitor Csta/Cstb serving as an
assistant to the liquid crystal capacitor Clca/Clcb includes
a storage electrode line SL on the lower display panel
100, a subpixel electrode 191a/191b overlapping the
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storage electrode line, and an insulator disposed there-
between. A voltage, such as a common voltage Vcom,
is applied to the storage electrode line SL.

[0038] A difference is generated between the voltages
charged to two liquid crystal capacitors Clca and Clcb.
For example, the data voltage applied to the liquid crystal
capacitor Clca may less than or greater than the data
voltage applied to the liquid crystal capacitor Clcb. There-
fore, when the voltages of the first and second liquid crys-
tal capacitors Clca and Clcb are appropriately adjusted,
it may be possible to make an image viewed from the
side as similar as possible to an image viewed from the
front, thereby improving the side visibility.

[0039] Next, a liquid crystal display according to an
exemplary embodiment of the present invention will be
described in detail with reference to FIG. 2, FIG. 3, FIG.
4, FIG. 5, FIG. 6, and FIG. 7.

[0040] FIG.2is alayout view of a liquid crystal display
according to an exemplary embodiment of the present
invention, FIG. 3 is a cross-sectional view of the liquid
crystal display shown in FIG. 2 taken along line llI-1Il,
FIG. 4 is a layout view of the liquid crystal display shown
in FIG. 2 without the pixel electrode, FIG. 5 is a top plan
view showing the pixel electrode of the liquid crystal dis-
play show in FIG. 2, FIG. 6 is a top plan view of a basic
electrode of the pixel electrode according to an exem-
plary embodiment of the present invention, and FIG. 7 is
anenlarged view of a portion of the basic electrode shown
in FIG. 6.

[0041] Referring to FIG. 2 and FIG. 3, a liquid crystal
display according to an exemplary embodiment of the
present invention includes a lower panel 100 and an up-
per panel 200 facing each other, and a liquid crystal layer
3 disposed between the two panels 100 and 200.
[0042] First, the lower panel 100 will be described.
[0043] A plurality of gate lines 121 and a plurality of
storage electrode lines 131 are formed on an insulating
substrate 110.

[0044] The gate lines 121 transmit gate signals and
extend in a transverse direction. Each gate line 121 in-
cludes a plurality of first and second gate electrodes 124a
and 124b protruding upward.

[0045] The storage electrode lines 131 include a stem
extending substantially parallel to the gate lines 121, and
a plurality of branches extending from the stem. Each
branch includes a longitudinal portion 137, a loop 135, a
first storage electrode 133a, and a second storage elec-
trode 133b.

[0046] The longitudinal portion 137 extends upward
and downward from the stem (hereinafter, an imaginary
straight line in the direction in which the longitudinal por-
tion 137 extends is referred to as a "longitudinal center
line").

[0047] Theloop 135 may be substantially rectangular,
and the upper edge thereof vertically may meet the lon-
gitudinal portion 137.

[0048] The first storage electrode 133a extends in a
transverse direction from the center of the left edge of
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the loop 135 to the center of the right edge, and may
have a wider width than the longitudinal portion 137 or
the loop 135. The first storage electrode 133a and the
longitudinal portion 137 vertically meet each other.
[0049] Theleftedge of the loop 135 extends downward
and curves to the right to form the second storage elec-
trode 133b. The width of the second storage electrode
133b is expanded and extends substantially parallel to
the first storage electrode 133a in the transverse direc-
tion.

[0050] However, the shapes and arrangement of the
storage electrode lines 131 may be modified in various
forms.

[0051] Agateinsulating layer 140 isformed onthe gate
lines 121 and the storage electrode lines 131 and a plu-
rality of semiconductors 154a and 154b, which may be
made of amorphous or crystallized silicon, are formed on
the gate insulating layer 140.

[0052] A pair of ohmic contacts 163b and 165b are
formed on the first semiconductor 154b, and the ohmic
contacts 163b and 165b may be formed of a material
such as n+ hydrogenated amorphous silicon in which an
n-type impurity is doped with a high concentration or sil-
icide.

[0053] Apairofdatalines171aand 171band aplurality
of first and second drain electrodes 175a and 175b are
formed on the ohmic contacts 163b and 165b, and on
the gate insulating layer 140.

[0054] Thedatalines 171aand 171b transmit data sig-
nals, extend substantially in the longitudinal direction,
and cross the gate lines 121 and the storage electrode
lines 131. Each data line 171a/171b includes a plurality
of first/second source electrode 173a/173b extending to-
ward the first/second gate electrode 124a/124b and curv-
ing with a "U" shape, and the first/ second source elec-
trode 173a/173b is opposite the first/second drain elec-
trode 175a/175b with respect to the first/second gate
electrode 124a/124b.

[0055] Eachfirstdrain electrode 175a has one end en-
closed by the first source electrode 173a from which it
extends upward, curves to the left following the upper
edge of the second storage electrode 133b, and again
extends upward near the longitudinal center line to form
the other end. The other end of the first drain electrode
175a extends to where the second storage electrode
133b is disposed, and has a wide area for connection
with another layer.

[0056] Each second drain electrode 175b has one end
enclosed by the second source electrode 173b from
which it extends upward to the second storage electrode
133b, curves to the right, extends following the lower
edge of the second storage electrode 133b, expands with
a wide area near the longitudinal center line, and again
extends downward to form a longitudinal portion 176.
[0057] However, the shapes and arrangement of the
first and second drain electrodes 175a and 175b and the
data lines 171a and 171 b may be modified in various
ways.
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[0058] Afirst/second gate electrode 124a/124b, afirst/
second source electrode 173a/173b, and a first/second
drain electrode 175a/175b respectively form a first/sec-
ond thin film transistor (TFT) Qa/Qb along with a first/
second semiconductor 154a/154b, and a channel of the
first /second thin film transistor Qa/Qb is formed on the
first/second semiconductor 154a/154b between the first/
second source electrode 173a/173b and the first/second
drain electrode 175a/175b.

[0059] The ohmic contacts 163b and 165b are dis-
posed only between the underlying semiconductor is-
lands 154a and 154b and the overlying data lines 171a
and 171b and drain electrodes 175a and 175b, and may
reduce contact resistance between them. The semicon-
ductors 154a and 154b each have a portion that is ex-
posed without being covered by the data lines 171a and
171b and the drain electrodes 175a and 175b, and a
portion between the source electrodes 173a and 173b
and the drain electrodes 175a and 175b.

[0060] A lower passivation layer 180p, which may be
made of silicon nitride or silicon oxide, is formed on the
data lines 171a and 171b, the drain electrodes 175a and
175b, and the exposed portions of the semiconductors
154a and 154b.

[0061] A black matrixincluding a plurality of light block-
ing members 220 spaced at intervals from each other is
formed on the lower passivation layer 180p. Each light
blocking member 220 may include a stripe portion ex-
tending upward and downward, and a quadrangle portion
corresponding to the thin film transistor to prevent light
leakage.

[0062] A plurality of color filters 230 are formed on the
lower passivation layer 180p and the light blocking mem-
bers 220. The color filters 230 are mostly formed in a
region surrounded by light blocking members 220. The
color filters 230 have a plurality of holes 235a and 235b
disposed on the first and second drain electrodes 175a
and 175b, and a plurality of openings 233a and 233b
disposed on the firstand second storage electrodes 133a
and 133b, respectively. The opening 233a and 233b re-
duce the thickness of the dielectric material forming the
storage capacitors Csta and Cstb such that the storage
capacitance may be increased.

[0063] Here, the lower passivation layer 180p may pre-
vent pigments of the color filter 230 from flowing into the
exposed semiconductors 154a and 154b.

[0064] An upper passivation layer 180q is formed on
the light blocking members 220 and the color filters 230.
The upper passivation layer 180g may be made of an
inorganic insulating material, such as silicon nitride or
silicon oxide, and may prevent the color filters 230 from
liting and suppress the contamination of the liquid crystal
layer 3 by the organic material, such as a solvent flowing
from the color filters 230, so defects generated during
driving, such as an afterimage, may be prevented.
[0065] However, atleastone of the light blocking mem-
bers 220 and the color filters 230 may be disposed on
the upper panel 200, and one of the lower passivation
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layer 180p and the upper passivation layer 180q of the
lower panel 100 may be omitted in this case.

[0066] The upper passivation layer 180q and the lower
passivation layer 180p have a plurality of contact holes
185a and 185b respectively exposing the firstand second
drain electrodes 175a and 175b.

[0067] A plurality of pixel electrodes 191 is formed on
the upper passivation layer 180q, and the above-de-
scribed color filters 230 may extend according to a col-
umn of the pixel electrodes 191.

[0068] Referring to FIG. 5, each pixel electrode 191
includes the first and second subpixel electrodes 191 a
and 191 b that are spaced apart from each other with a
gap 91 having a quadrangular belt shape therebetween,
and the first and second subpixel electrodes 191a and
191b respectively include a basic electrode 199 shown
in FIG. 6, or at least one modification thereof.

[0069] Next, the basic electrode 199 will be described
in detail with reference to FIG. 6.

[0070] As shown in FIG. 6, the basic electrode 199
may be a quadrangle and may include a cross-shaped
stem having a transverse stem 193 that crosses a longi-
tudinal stem 192. Also, the basic electrode 199 is divided
into a first subregion Da, a second subregion Db, a third
subregion Dc, and a fourth subregion Dd by the trans-
verse stem 193 and the longitudinal stem 192, and each
subregion Da-Dd includes a plurality of first, second,
third, and fourth branches 194a, 194b, 194c, and 194d.
[0071] The first branch 194a extends obliquely from
the transverse stem 193 or the longitudinal stem 192 in
the upper-left direction, as shown in FIG. 7, and the sec-
ond branch 194b extends obliquely from the transverse
stem 193 or the longitudinal stem 192 in the upper-right
direction. Also, the third branch 194c extends obliquely
from the transverse stem 193 or the longitudinal stem
192 in the lower-left direction, and the fourth branch 194d
extends obliquely from the transverse stem 193 or the
longitudinal stem 192 in the lower-right direction.
[0072] The first, second, third, and fourth branches
194a, 194b, 194c, and 194d form an angle of about 45
degrees or 135 degrees with the gate lines 121 or the
transverse stem 193. Also, the branches 194a, 194b,
194c, and 194d of two neighboring subregions Da, Db,
Dc, and Dd may be crossed.

[0073] The width of the branches 194a, 194b, 194c,
and 194d may be in the range of 2.5 um to 5.0 pm, and
the interval between the neighboring branches 194a,
194b, 194c, and 194d in one subregion Da, Db, D¢, and
Dd may be in the range of 2.5 pm to 5.0 pm.

[0074] Also, referring to FIG. 7, the width of the branch-
es 194a, 194b, 194c, and 194d may become wider ap-
proaching the transverse stem 193 or the longitudinal
stem 192, and the difference between the widest width
and the narrowest width in one of the branches 194a,
194b, 194c, and 194d may be in the range of 0.2 um to
1.5 pm.

[0075] Again, referring to FIG. 2, FIG. 3, FIG. 4, and
FIG. 5, the first subpixel electrode 191a includes one
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basic electrode 199 as shown in FIG. 6. The transverse
stem 193 of the basic electrode 199 forming the first sub-
pixel electrode 191a expands downward and upward to
form a first expansion 193a, and the first expansion 193a
overlaps the first storage electrode 133a. Also, the pro-
trusion that protrudes downward to contact the first drain
electrode 175a is formed in the center of the downward
edge of the first expansion 193a.

[0076] The second subpixel electrode 191b includes
an upper electrode 191bu and a lower electrode 191bb,
and each of the upper electrode 191bu and the lower
electrode 191bb includes one basic electrode 199. The
upper electrode 191bu and the lower electrode 191bb
are connected to each other through left and right con-
nections 195b.

[0077] The second subpixel electrode 191b encloses
the first subpixel electrode 191a with the gap 91 there-
between. A portion of the center of the transverse stem
of the lower electrode 191bb extends upward and down-
ward to form a second expansion 193bb overlapping the
second storage electrode 133b. Also, the protrusion that
protrudes downward to contact the second drain elec-
trode 175b is formed in the center of the downward edge
of the second expansion 193bb.

[0078] The area ofthe second subpixel electrode 191b
may be about 1.0 to 2.2 times the area of the first subpixel
electrode 191 a.

[0079] Each first/second subpixel electrode 191a/
191b is connected to the first/second drain electrode
175a/175b through the contact hole 185a/185b, and re-
ceives data voltages from the first/second drain electrode
175a/175b.

[0080] On the other hand, the upper electrode 191bu
may receive the data voltages directly from the second
drain electrode 175b. In this case, the second drain elec-
trode 175b extends to the upper electrode 191 bu, and
a contact hole (not shown) through which the upper elec-
trode 191bu contacts the second drain electrode 175b is
required. In this case, the left and right connections 195b
are not necessary.

[0081] An alignment layer 11 is formed on the pixel
electrodes 191.

[0082] Next, the upper panel 200 will be described.
[0083] A common electrode 270 is formed on an insu-
lating substrate 210, and an alignment layer 21 is formed
thereon.

[0084] Each alignment layer 11 and 21 may be a ver-
tical alignment layer.

[0085] Finally, polarizers (not shown) may be provided
on the outer surface of the display panels 100 and 200.
[0086] The liquid crystal layer 3 disposed between the
lower panel 100 and the upper panel 200 includes liquid
crystal molecules 310 and polymers 350 and 370 having
negative dielectric anisotropy.

[0087] The liquid crystal molecules 310 are pretilted
by the polymers 350 and 370 for the long axis thereof to
be parallel to the directions in which the first, second,
third, and fourth branches 194a, 194b, 194c, and 194d
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of the first and second subpixel electrode 191aand 191b
extend, and are aligned vertically with respect to the sur-
face of the two panels 100 and 200. Accordingly, the first
and second subpixels PXa and PXb each include four
subregions Da, Db, Dc, and Dd in which the liquid crystal
molecules 310 are pretilted in different directions.
[0088] If the gate lines 121 are applied with the gate
signals, the data voltage is applied to the first and second
subpixel electrodes 191aand 191b through the datalines
171aand 171b. Then, the first and second subpixel elec-
trodes 191a and 191b receive the data voltage and the
common electrode 270 receives the common voltage,
thereby generating an electric field in the liquid crystal
layer 3. Accordingly, the liquid crystal molecules 310 of
the liquid crystal layer 3 are arranged in response to the
electric field such that the major axes of the liquid crystal
molecules 310 change direction to be perpendicular to
the direction of the electric field. The degree to which the
polarization of light incident to the liquid crystal layer 3
changes depends on the inclination degree of the liquid
crystal molecules 310, and the change in the polarization
is represented by a change in the transmittance by a
polarizer, thereby causing the liquid crystal display to dis-
play an image.

[0089] On the other hand, the edges of the branches
194a, 194b, 194c, and 194d distort the electric field to
make the horizontal components perpendicular to the
edges of the branches 194a, 194b, 194c, and 194d, and
the alignment of the liquid crystal molecules 310 is de-
termined by the horizontal components. Accordingly, the
liquid crystal molecules 310 first tend to tilt in a direction
perpendicular to the edges of the branches 194a, 194b,
194c, and 194d. However, the directions of the horizontal
components of the electric field by the neighboring
branches 194a, 194b, 194c, and 194d are opposite to
each other and the intervals between the branches 194a,
194b, 194c, and 194d are narrow such that the liquid
crystal molecules 310, which tend to arrange in opposite
directions, are tilted in the direction parallel to the direc-
tions in which the branches 194a, 194b, 194c, and 194d
extend. Accordingly, if the liquid crystal molecules 310
are not initially pretilted in the direction in which the
branches 194a, 194b, 194c, and 194d extend, the liquid
crystal molecules 310 may be tilted in the directions in
which the branches 194a, 194b, 194c, and 194d extend
through two steps. However, in the present exemplary
embodiment, the liquid crystal molecules 310 are already
pretilted in a direction parallel to the directions of in which
branches 194a, 194b, 194c, and 194d extend so the lig-
uid crystal molecules 310 are pretilted in one step. There-
fore, if the liquid crystal molecules 310 are pretilted, they
may be tilted in the required direction in one step such
that the response speed of the liquid crystal display may
be improved.

[0090] Also, in an exemplary embodiment of the
present invention, the branches 194a, 194b, 194c, and
194d extend in different directions in one pixel PX such
that the the liquid crystal molecules 310 are inclined in
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four directions. Therefore, the viewing angle of the liquid
crystal display may be widened by varying the inclined
directions of the liquid crystal molecules.

[0091] Thefirst/second sub-pixel electrode 191a/191b
and the common electrode 270 form the liquid crystal
capacitor Clca/Clcb to maintain an applied voltage even
after the TFT is turned off. Also, the first and second
storage electrodes 133a and 133b of the storage elec-
trode line 131 respectively overlap the first and second
subpixel electrodes 191a and 191b in the openings 188a
and 188b to form the storage capacitors Csta and Cstb.
[0092] The loop 135 of the storage electrode line 131
overlaps the gap 91 of the pixel electrode 191 such that
it functions as a shielding member to block light leakage
between the first subpixel electrode 191a and the second
subpixel electrode 191b. The loop 135 disposed between
the datalines 171a and 171b, and the first subpixel elec-
trode 191a, may prevent crosstalk, which may reduce
degradation of the display quality.

[0093] Also, in the structure of pixel electrode 191 in
an exemplary embodiment of the present invention, the
alignment of the liquid crystal molecules 310 may not be
controlled near the longitudinal and the transverse stems
of the firstand second subpixel electrodes 191aand 191b
so texture may be generated. Accordingly, the storage
electrodeline 131, the longitudinal portion 137 of the stor-
age electrode line 131, and the first and second storage
electrodes 133a and 133b overlap the transverse stem
or the longitudinal stem of the first and second subpixel
electrodes 191a and 191b such that the texture may be
covered, so the aperture ratio may be increased.
[0094] On the other hand, the first subpixel electrode
191aand the second subpixel electrode 191b are applied
with different data voltages through the different data
lines 171a and 171b, and the voltage of the first subpixel
electrode 191a having a relatively small area is higher
than the voltage of the second subpixel electrode 191b
having a relatively large area.

[0095] In this way, if the voltages of the first sub-pixel
electrode 191 a and the second sub-pixel electrode 191b
are different from each other, the voltage applied to the
first liquid crystal capacitor Clca formed between the first
sub-pixel electrode 191a and the common electrode 270
and the voltage applied to the second liquid crystal ca-
pacitor Clcb formed between the second sub-pixel elec-
trode 191b and the common electrode 270 are different
from each other such that the declination angle of the
liquid crystal molecules of the subpixels PXa and PXb
are different from each other, and as a result the lumi-
nance of the two subpixels become different. According-
ly, if the voltages of the first and second liquid crystal
capacitors Clca and Clcb are appropriately controlled,
the images shown at the side may be approximate to the
image shown at the front, that is to say, the gamma curve
of the side may be approximately close to the gamma
curve of the front, which may improve the side visibility.
[0096] Also, in an exemplary embodiment of the
present invention, if the first subpixel electrode 191a ap-
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plied with the higher voltage is disposed in the center of
the pixel PX, the first subpixel electrode 191a is father
apart from the gate line 121 such that an overlapping
portion therebetween is not generated, which may re-
duce a kick-back voltage and remove flicker.

[0097] Next, the alignment method for initially pretilting
liquid crystal molecules 310 will be described with refer-
ence to FIG. 8.

[0098] FIG. 8is a view showing a process for pretilting
liquid crystal molecules using prepolymers, which are po-
lymerized by light such as ultraviolet rays.

[0099] First, prepolymers 330, such monomers, which
are hardened through polymerization by light such as
ultravioletrays, are inserted between the two display pan-
els 100 and 200 along with the liquid crystal material.
The prepolymers 330 may include reactive mesogen that
is polymerized by light, such as ultraviolet rays.

[0100] Next, the first and second subpixel electrodes
191a and 191b receive the data voltages and the com-
mon electrode 270 of the upper panel 200 receives the
common voltage to generate an electric field to the liquid
crystal layer 3 between two display panels 100 and 200.
Thus, the liquid crystal molecules 310 of the liquid crystal
layer 3 are inclined in a direction parallel to the length
direction of the branches 194a, 194b, 194c, and 194d
through two steps, as above-described, in response to
the electric field, and the liquid crystal molecules 310 in
one pixel PX are inclined in a total of four directions.
[0101] If the liquid crystal layer 3 is irradiated, for ex-
ample, with ultraviolet rays, after the application of the
electric field to the liquid crystal layer 3, the prepolymers
330 are polymerized such that the first polymer 350 and
the second polymer 370 are formed as shown in FIG. 8.
[0102] Thefirst polymer350isformedinthe liquid crys-
tal layer 3, and the second polymer 370 is formed close
to the display panels 100 and 200. The liquid crystal mol-
ecules 310 are pretilted in the directions in which the
branches 194a, 194b, 194c, and 194d extend by the first
and second polymers 350 and 370.

[0103] Accordingly, the liquid crystal molecules 310
are arranged to pretilt in four different directions when no
voltage is applied to the electrodes 191 and 270.
[0104] Next, an exemple not according to the present
invention will be described with the reference to FIG. 9,
FIG. 10, and FIG. 11.

[0105] FIG. 9is a layout view of a liquid crystal display
not according to the presentinvention, FIG. 10 is a layout
view of the liquid crystal display shown in FIG. 9 without
the pixel electrode, and FIG. 11 is a top plan view showing
the pixel electrode of the liquid crystal display shown in
FIG. 9.

[0106] The layered structure of the liquid crystal dis-
play according to the presentexemple is almost the same
asthelayered structure of the liquid crystal display shown
in FIG. 2, FIG. 3, FIG. 4, and FIG. 5.

[0107] Referring to FIG. 9, FIG. 10, and FIG. 11, the
storage electrode line 131 includes left and right longitu-
dinal portions 138 extending downward from the storage
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electrode line 131, and a storage electrode 133 protrud-
ing in the right direction from the left longitudinal portion
138. The storage electrode 133 has the wider width than
that of the other portion for overlapping with a pixel elec-
trode 191 to be described below.

[0108] The firstdrain electrode 175a includes one end
having a wide area extending a long distance upward,
and the second drain electrode 175b includes one end
having a wide area extending a short distance upward.
[0109] The colorfilters (not shown) have through holes
235a and 235b where contact holes 185a and 185b pass
through and an opening 233 disposed on the storage
electrode 133, and an upper passivation layer (not
shown) and a lower passivation layer (not shown) have
a plurality of contact holes 185a and 185b to expose the
first and second drain electrodes 175a and 175b.
[0110] The pixel electrode 191 according to the
present exemple also includes first and second subpixel
electrodes 191a and 191b that are spaced apart from
each other with a gap 91 having a quadrangular belt
shape, like the exemplary embodiment shown in FIG. 2,
FIG. 3, FIG. 4, and FIG. 5.

[0111] Thefirstsubpixel electrode 191ais made of one
basic electrode 199, as shown in FIG. 6. A transverse
stem of the first subpixel electrode 191 a expands upward
and downward to form an expansion 193c, and the ex-
pansion 193c overlaps the storage electrode 133 in an
opening 233 to form a storage capacitor Csta.

[0112] The second subpixel electrode 191b includes
one basic electrode 199, and a connection bridge 196b
enclosing the first subpixel electrode 191 a, which is dis-
posed below the second subpixel electrode 191b with a
gap 91 therebetween.

[0113] The left lower portion of the connection bridge
196b protrudes to the right with a wide area to contact
the second drain electrode 175b. As shown in FIG. 9, the
second subpixel electrode 191b receives data voltages
from the second drain electrode 175b through the con-
nection bridge 196b.

[0114] The lower transverse edge of the connection
bridge 196b overlaps a portion of the gate line 121 to
prevent the first subpixel electrode 191a from being in-
fluenced by the gate signals of the gate lines 121.
[0115] Both longitudinal edges of the connection
bridge 196b cover the data lines 171a and 171 b to pre-
vent cross talk between the data signal and the first sub-
pixel electrode 191a.

[0116] The width of the connection bridge 196b may
be in the range of 5.0 pm to 15 pm.

[0117] The storage electrode line 131 overlaps the gap
91 of the pixel electrode 191 to block light leakage be-
tween the first subpixel electrode 191a and the second
subpixel electrode 191b. Also, the right and left longitu-
dinal portions 138 of the storage electrode line 131 are
disposed between the first subpixel electrode 191a and
the data lines 171 a and 171 b, to prevent cross talk
between the data lines 171a and 171b and the first sub-
pixel electrode 191a.
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[0118] The area of the second subpixel electrode 191b
may be about 1.25 to 2.75 times the area of the first sub-
pixel electrode 191 a.

[0119] Unlike the above-described exemplary embod-
iment, according to the present exemple, the first/second
drain electrode 175a/175b do not overlap the second/
first subpixel electrode 191b/191a that receive data volt-
ages having different polarities from each other, but in-
stead overlap only the first/second subpixel electrode
191a/191b that receive data voltages having the same
polarity such that a texture due to distortion of the electric
field is not generated near the first and second drain elec-
trodes 175a and 175b even though the first and second
data lines 171a and 171b receive data voltages of oppo-
site polarities. Accordingly, texture may be prevented,
which may increase transmittance.

[0120] Also, according to the present exemple, the
contact holes 185a and 185b are disposed at edges or
corners of the first and second subpixel electrodes 191a
and 191b so that it may be easy to form color filters (not
shown) by an inkjet printing process.

[0121] Like the above described exemplary embodi-
ment, the liquid crystal molecules are inclined in four di-
rections such that the viewing angle of the liquid crystal
display may be increased, and the liquid crystal mole-
cules are pretilted through the polymerization of the pre-
polymer such that the response speed may be improved.
Also, the first and second subpixel electrodes 191a and
191b receive different data voltages, which may improve
side visibility.

[0122] Next, another exemple not according to the
present invention will be described with reference to FIG.
12, FIG. 13, and FIG. 14.

[0123] FIG.12isalayoutview of aliquid crystal display
not according to the presentinvention, FIG. 13 is a layout
view of the liquid crystal display shown in FIG. 12 without
the pixel electrode, and FIG. 14 is a top plan view showing
the pixel electrode of the liquid crystal display shown in
FIG. 12.

[0124] Aliquid crystal display according to the present
exemple is almost the same as the liquid crystal display
shown in FIG. 9, FIG. 10, and FIG. 11.

[0125] Referring to FIG. 12, FIG. 13, and FIG. 14, the
wide end portion of the first drain electrode 175a to apply
the data voltage to the first subpixel electrode 191a is
disposed at the right lower corner of the first subpixel
PXa, and is connected to the first subpixel electrode 191a
through the contact hole 185a. Accordingly, when form-
ing the color filter (not shown) through an inkjet printing
process, the process may be easily executed and the
transmittance may be improved.

[0126] Also, the storage electrodes and the openings
having a wide area to form the storage capacitors Csta
and Cstb do not exist in the present exemple, which may
increase the aperture ratio.

[0127] Next, another exemplary embodiment of the
present invention will be described with reference to FIG.
15, FIG. 16, and FIG. 17.
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[0128] FIG. 15isalayoutview ofaliquid crystal display
according to another exemplary embodiment of the
present invention, FIG. 16 is a layout view of the liquid
crystal display shown in FIG. 15 except for the pixel elec-
trode, and FIG. 17 is a top plan view showing the pixel
electrode of the liquid crystal display shown in FIG. 15.
[0129] The layered structure of the liquid crystal dis-
play according to the present exemplary embodiment is
almost the same as the layered structure of the liquid
crystal display showninFIG. 2, FIG. 3,FIG. 4,and FIG. 5.
[0130] Referring to FIG. 15, FIG. 16, and FIG. 17, the
storage electrode line 131 includes left and right longitu-
dinal portions 139 that extend upward and downward
from the storage electrode line 131, a transverse con-
nection 132 connected between two longitudinal portions
139, and a storage electrode 133c protruding from the
center of the transverse connection 132 to the lower di-
rection and having a wide area.

[0131] The colorfilters (not shown) have through holes
235a and 235b where contact holes 185a and 185b pass
through, and an opening 233 disposed on the storage
electrode 133c, and an upper passivation layer (not
shown) and a lower passivation layer (not shown) have
a plurality of contact holes 185a and 185b exposing the
first and second drain electrodes 175a and 175b.
[0132] The pixel electrode 191 also includes the first
and second subpixel electrodes 191a and 191 b that are
spaced apart from each other with a gap 91 having a
quadrangular belt shape.

[0133] The second subpixel electrode 191b includes
an upper electrode 191 bu and a lower electrode 191 bb,
and the upper electrode 191 bu and the lower electrode
191 bb are connected through left and right connections
195b.

[0134] Two longitudinal portions 139 of the storage
electrode line 131 overlap the gap 91 to block light leak-
age between the first subpixel electrode 191a and the
second subpixel electrode 191 b and prevent cross talk
between the first subpixel electrode 191a and the data
lines 171 a and 171 b. Also, the transverse connection
132 of the storage electrode line 131 covers the texture
near the transverse stem 193d of the first subpixel elec-
trode 191a, which may improve the aperture ratio.
[0135] Inthe presentexemplary embodiment, different
from the exemplary embodiment shown in FIG. 2, FIG.
3, FIG. 4, and FIG. 5, a transverse stem 193du of the
upper electrode 191 bu is not disposed on the center of
the upper electrode 191 bu, but is near the upper edge,
and the transverse stem 193db of the lower electrode
191 bb is disposed near the lower edge of the lower elec-
trode 191bb. Accordingly, as for each of the upper and
lower electrodes 191bu and 191bb, two subregions
among four subregions Da, Db, Dc, and Dd of the basic
electrode 199 of FIG. 6 as above-described almost dis-
appear and remain as dummies. However, all of the su-
bregions Da, Db, Dc, and Dd still exist in the second
subpixel electrode 191b such that the liquid crystal mol-
ecules 310 may be inclined in four directions.



15 EP 2 105 786 B1 16

[0136] In this case, the area of the two remaining su-
bregions Dc and Dd of the upper electrode 191bu may
be more than 1.5 times the area of the two subregions
Da and Db, which become small. The area of the two
remaining subregions Da and Db of the lower electrode
191bb may be more than 1.5 times the area of the two
subregions Dc and Dd, which may become small.
[0137] Also, the length between the upper edge and
the lower edge of the two subregions Da and Db of the
upper electrode 191bu or two subregions Dc and Dd of
the lower electrode 191 bb, which may become small,
may be about 5 pm.

[0138] Like the present exemplary embodiment, two
subregions Da and Db of the upper electrode 191bu or
two subregions Dc and Dd of the lower electrode 191bb
overlap the gate line 121 as dummies such that the ap-
erture ratio and the transmittance may be increased and
texture may be covered near the transverse stems 193du
and 193db.

[0139] The reason why the two subregions Da and Dd,
which are almost eliminated but remain as dummies, will
be described with reference to FIG. 18 and FIG. 19.
[0140] FIG. 18 is atop plan view of a portion of a pixel
electrode in a liquid crystal display according to another
exemplary embodiment of the present invention, and
FIG. 19 is a top plan view of the portion of the pixel elec-
trode shown in FIG. 17.

[0141] As shown in FIG. 18, if two subregions Da and
Db of the upper electrode 191bu are altogether removed,
a fringe field is generated in the direction D1 vertical to
the upper edge of the upper electrode 191bu. Thus, dis-
clination DL of the liquid crystal molecules 310 may gen-
erated, which may generate a texture because the in-
clined direction D2 of the liquid crystal molecules 310 in
the two subregions Dc and Dd discord with the direction
D1 of the fringe field.

[0142] However, as shown in FIG. 19, if the two sub-
regions Da and Db are left as dummies at the top of the
upper electrode 191 bu, the liquid crystal molecules 310
are inclined in the direction D1 such that the horizontal
inclination direction of the liquid crystal molecules 310 of
the subregions Da and Db is the same as that of the liquid
srystal molecules 310 of the subregions Dc and Dd, and
thereby the texture may be weakened.

[0143] The longitudinal stems 192du and 192db of the
upper and the lower electrodes 191bu and 191bb of the
second subpixel electrode 191b may be positioned near
the left edge or the right edge of the pixel PX, instead of
locating the transverse stems 193du and 193db of the
upper or lower electrodes 191bu or 191bb of the second
subpixel electrode 191b near the upper and lower edges
of the pixel PX like the present exemplary embodiment,
such that a difference between the areas of the left sub-
regions Da and Dc and the right subregions Db and Dd
may be generated. In this case, the area of the subre-
gions which become wide, may be more than 1.5 times
the area of the subregions which become small.

[0144] Also, according to the present exemplary em-
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bodiment, differently from the exemplary embodiment
showninFIG. 2,FIG. 3, FIG. 4, and FIG. 5, the transverse
stem 193 of the first subpixel electrode 191a does not
include the expanded portion, and the portion disposed
under the longitudinal stem 192 expands at both sides
to form a third expansion 192a. Also, the a portion to
contact with the first drain electrode 175ais formed under
the third expansion 192a, and another wide portion for
the contact with the second drain electrode 175b is
formed at the bottom of the longitudinal stem 192db of
the lower electrode 191bb of the second subpixel elec-
trode 191b.

[0145] Inthe presentexemplary embodiment, asin the
previously described exemplary embodiment, the liquid
crystal molecules are inclined in four directions so that
the viewing angle of the liquid crystal display may be
increased, and the liquid crystal molecules are pretilted
by the polymerization of the prepolymer, which may im-
prove the response speed. Also, the first and second
subpixel electrodes 191a and 191b receive different data
voltages, which may improve side visibility.

[0146] Different from an exemplary embodiment of the
present invention, a light alignment method in which light
such as ultraviolet rays is obliquely irradiated to the align-
ment layers 11 and 21 may be used to control the align-
ment direction and the alignment angle of the liquid crys-
tal molecules 310 to form a plurality of subregions Da,
Db, Dc, and Dd where the liquid crystal molecules 310
are inclined in different directions. In this case, the
branches 194a, 194b, 194c, and 194d of the pixel elec-
trodes 191 are not necessary to increase the aperture
ratio and improve the response time due to the pretilt of
the liquid crystal molecules 310, which is generated by
light alignment.

[0147] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the scope of the
appended claims.

Claims
1. Aliquid crystal display, comprising:

a pixel electrode (191) comprising a first subpix-
el electrode (191a) and a second subpixel elec-
trode (191b) electrically separated by a gap (91)
therebetween in plan view;

a common electrode (270) facing the pixel elec-
trode (191); and

a liquid crystal layer (3) disposed between the
pixel electrode (191) and the common electrode
(270), the liquid crystal layer (3) comprising a
plurality of liquid crystal molecules (310),
wherein the first subpixel electrode (191 a) and
the second subpixel electrode (191 b) each com-
prise a plurality of branches (194a, 194b, 194c,
194d) and
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a plurality of subregions (Da, Db, Dc, Dd), the
branches (194a, 194b, 194c, 194d) extending
in different directions in different subregions
(Da, Db, Dc, Dd);

characterized in that

the second subpixel electrode (191b) comprises an
upper part (191bu) arranged above the first subpixel
electrode (191a) in plan view and a lower part
(191bb) arranged below the first subpixel electrode
(191a) in plan view that each comprise four subre-
gions (Da, Db, Dc, Dd); and

each of the first subpixel electrode (191a) and the
upper and lower parts (191bu, 191bb) of the second
subpixel electrode (191 b) comprises a transverse
stem (193) and alongitudinal stem (192), the plurality
of branches (194a, 194b, 194c, 194d) each branch-
ing off one of the stems (192; 193).

The liquid crystal display of claim 1, wherein:

the liquid crystal molecules (310) are aligned to
pretilt according to the directions in which the
branches (194a, 194b, 194c, 194d) extend.

The liquid crystal display of claim 2, wherein:

the liquid crystal layer (3) further comprises pol-
ymers (350, 370) to facilitate pretilting of the lig-
uid crystal molecules (310).

The liquid crystal display of claim 3, wherein:

the polymers (350, 370) are formed by irradiat-
ing polymers (330) comprising monomers.

The liquid crystal display of claim 4,
the prepolymers (330) being irradiated with ultravi-
olet rays.

The liquid crystal display of claim 2, further compris-
ing:

an alignmentlayer (11, 21) disposed on the pixel
electrode (191) or the common electrode (270),
the alignment layer (11, 21) being light-aligned
to control the alignement direction and the
alignement angle of the liquid crystal molecules
(310) in the directions in which the branches
(19443, 194b, 194c, 194d) extend.

7. The liquid crystal display of claim 1, wherein:

the width of the branches (194a, 194b, 194c,
194d) in plan view is in the range of 2.5 pm to
5.0 pm.

8. The liquid crystal display of claim 1, wherein:
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10

10.

1.

12,

13.

14.

15.

the interval between neighboring branches
(194a, 194b, 194c, 194d) in plan view in the
range of 2.5 pm to 5.0 pwm.

The liquid crystal display of claim 1, wherein

the transverse stems (193) and the longitudinal
stems (192) form a boundary of the subregions (Da,
Db, Dc, Dd); and

the branches (194a, 194b, 194c, 194d) of the first
subpixel electrode (191a) and the second subpixel
electrode (191 b) extend from the respective trans-
verse stems (193) or the respective longitudinal
stems (192) toward edges of the first subpixel elec-
trode (191a) and the second subpixel electrode (191
b).

The liquid crystal display of claim 9, wherein:

the width of the branches (194a, 194b, 194c,
194d) in plan view becomes narrower from the
transverse stem (193) or the longitudinal stem
(192) toward the edge of the first subpixel elec-
trode (191 a) or the second subpixel electrode
(191b).

The liquid crystal display of claim 10, wherein:

the difference between the widest width of the
branches (194a, 194b, 194c, 194d) in plan view
and the narrowest width thereof in plan view is
in the range of 0.2 pm to 1.6 pm.

The liquid crystal display of claim 1, wherein:

the first subpixel electrode (191 a) or the second
subpixel electrode (191b) comprises four sub-
regions (Da, Db, Dc, Dd).

The liquid crystal display of claim 12, wherein:

the first subpixel electrode (191a) or the second
subpixel electrode (191 b) comprises four sub-
regions (Da, Db, Dc, Dd) having different areas.

The liquid crystal display of claim 12, wherein:

the transverse stems (193) and the longitudinal
stems (192) form boundaries of the subregions
(Da, Db, Dc, Dd).

The liquid crystal display of claim 14, wherein:

an area of two of the subregions (Da, Db, Dc,
Dd), which are disposed on as first side of the
transverse stem (193) of the first subpixel elec-
trode (191a) or the second subpixel electrode
(191b), is at least 1.5 times the area of the re-
maining two subregions in each of the upper part



16.

17.

18.

19.

20.

21.

22,

19

(191 bu) and the lower part (191bb) of the sec-
ond subpixel electrode (191b), wherein the re-
maining two subregions are disposed on a sec-
ond side of the transverse stem (193), the first
side being opposite the second side.

The liquid crystal display of claim 15, wherein:

the longitudinal width of the two subregions (Da,
Db, Dc, Dd) disposed on the first side of the
transverse stem (193) of the first subpixel elec-
trode (191 a) or the second subpixel electrode,
(191 b) is at least 5 pm.

The liquid crystal display of claim 14, wherein:

the area of two subregions (Dc, Dd), which are
disposed on a first side of the longitudinal stem
(192) of the first subpixel electrode (191 a) or
the second subpixel electrode (191b), is at least
1.5 times the area of the remaining two subre-
gions (Da, Db) in each of the upper part (191bu)
and the lower part (191bb) of second subpixel
electrode (191b) wherein the remaining two su-
bregions (Da, Db) are disposed on asecond side
of the longitudinal stem (192), the first side being
opposite the second side.

The liquid crystal display of claim 17, wherein:

the transverse width of the two subregions (Dc,
Dd) disposed on the first side of the longitudinal
stem (192) of the first subpixel electrode (191 a)
or the second subpixel electrode (191b) is at
least 5 pm.

The liquid crystal display of claim 1, further compris-
ing means to supply

a voltage to the first subpixel electrode (191a) being
higher than a voltage supplied by said means to the
second subpixel electrode (191b).

The liquid crystal display of claim 1, wherein:

the area of the second subpixel electrode (191
b) is 1.0 to 2.2 times the area of the first subpixel
electrode (191a).

The liquid crystal display of claim 1, wherein

the second subpixel electrode (191 b) further com-
prises connections (195b) disposed to the left and
the right of the first subpixel electrode (191a) in plan
view, and

the connections (195b) connect the upper part (191
bu) and the lower part (191bb) of the second subpixel
electrode (191b).

The liquid crystal display of claim 1, further compris-
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23.

24,

25.

26.

27.

20

ing means to supply

voltages to the first subpixel electrode (191 a) and
to the second subpixel electrode (191 b) being dif-
ferent from each other.

The liquid crystal display of claim 22

the first subpixel electrode (191 a) and the second
subpixel electrode (191 b) being adapted to receive
different data voltages provided from information of
one image.

The liquid crystal display of claim 1,

wherein the liquid crystal layer (3) comprises a first
portion disposed between the first subpixel electrode
(191 a) and the common electrode (270) and a sec-
ond portion disposed between the second subpixel
electrode (191b) and the common electrode (270),
the liquid crystal molecules (310) are aligned In dif-
ferent directions in different subregions (Da, Db, Dc,
Dd), and

areas of the subregions (Da, Db, Dc, Dd) are different
from each other in the first portion or in the second
portion.

The liquid crystal display of claim 24, wherein:

an area of one subregion, which has a wider
area, is 1.5 times that of another subregion,
which has a narrower area.

The liquid crystal display of claim 25, wherein:

the alignment directions of the liquid crystal mol-
ecules (310) of the first portion and the second
portion correspond to the directions in which the
branches (194a, 194b, 194c, 194d) extend.

The liquid crystal display of claim 1, further compris-
ing:

a first signal line (GL; 121) and a second signal
line (SL);

athird signal line (DLa; 171 a) and a fourth signal
line (DLb; 171 b) crossing the first signal line
(GL; 121) and the second signal line (SL);
afirst switching element (Qa; 124a, 173a, 1753,
154a) connected to the first signal line (GL; 121)
and the third signal line (DLa; 171 a), the first
switching element (Qa; 124a, 173a, 175a, 154a)
transmitting a data voltage from the third signal
line (DLa; 171a) to the first subpixel electrode
(191a);

a second switching element (Qb; 124b, 173b,
175b, 154b) connected to the first signal line
(GL; 121) and the fourth signal line (DLb; 171
b), the second switching element (Qb; 124b,
173b, 175b, 154b) transmitting a data voltage
from the fourth signal line (DLb; 171 b) to the
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second subpixel electrode (191 b).
The liquid crystal display of claim 27, wherein:

the second signal line (SL) transmits a common
voltage (Vcom).

The liquid crystal display of claim 28, wherein:

the second signal line (SL) overlaps a portion of
the gap (91) or boundaries between the subre-
gions (Da, Db, Dc, Dd) in plan view.

The liquid crystal display of claim 27, wherein:

areas of the subregions (Da, Db, Dc, Dd) are
different from each other in the first subpixel
electrode (191a) or the second subplxel elec-
trode (191b).

The liquid crystal display of claim 30, wherein:

a subregion that has a smaller area, overlaps
the first signal line (GL; 121) in plan view.

The liquid crystal display of claim 31, wherein:

the longitudianl width of the subregion that has
smaller area is at least 5 pm.

The liquid crystal display of claim 27, wherein:

the connection (195b) covers the third signal line
(DLa; 171 a) or the fourth signal line (DLb; 171b)
in plan wiew.

The liquid crystal display of claim 27, wherein:

the upper part (191 bu) comprises a first contact
portion to receive a data voltage from the second
switching element (Qb; 124b, 173b, 175b,
154b); and

the lower part (191bb) comprises a second con-
tact portion to receive a data voltage from the
second switching element (Qb; 124b, 173b,
175b, 154b).

The liquid crystal display of claim 27, wherein:

the first subpixel electrode (191 a) comprises a
third contact portion to receive a data voltage
from the first switching element (Qa; 124a, 173a,
175a, 154a);

the second subpixel electrode (191 b) compris-
es a fourth contact portion to receive a data volt-
age from the second switching element (Qb;
124b, 173b, 175b, 154b); and

the third contact portion and the fourth contact
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portion are disposed on boundaries of the sub-
regions (Da, Db, Dc, Dd).

36. The liquid crystal display of claim 34, wherein:

the fourth contact portion is positioned at a lower
corner of the first subpixel electrode (191 a).

37. The liquid crystal display of claim 1, wherein

the second subpixel electrode (191b) further com-
prises connections (195b) disposed to the left and
the right of the first subpixel electrode (191a) in plan
view; and

the second subpixel electrode (191 b) encloses the
first subpixel electrode (191a).

Patentanspriiche

Flissigkristallanzeige, umfassend:

eine Pixelelektrode (191) umfassend eine erste
Subpixelelektrode (191a) und eine zweite Sub-
pixelelektrode (191b), wobei beide durch einen
Spalt (91) in Planansicht voneinander getrennt
sind;

eine gemeinsame der Pixelelektrode (191) zu-
gewandte Elektrode (270); und

eine Flussigkristallschicht (3), die zwischen der
Pixelelektrode (191) und der gemeinsamen
Elektrode (270) angeordnet ist, wobei die Flis-
sigkristallschicht (3) eine Vielzahl von Flissig-
kristallmolekilen (310) enthalt, in welcher die er-
ste Subpixelelektrode (191a) und die zweite
Subpixelelektrode (191b) jeweils eine Mehrzahl
von Zweigen (194a, 194b, 194c, 194d) umfas-
sen und

eine Vielzahl von Subregionen (Da, Db, Dc, Dd),
wobei die Zweige (194a, 194b, 194c, 194d) sich
in verschiedenen Subregionen (Da, Db, D¢, Dd)
in verschiedenen Richtungen erstrecken;

dadurch gekennzeichnet,

dass die zweite Subpixelelektrode (191b) einen
oberen Teil (191b), das Uber der ersten Subpixel-
elektrode (191a) in Planansicht liegt und ein Teil
(191bb), das under der ersten Subpixelelektrode
(191a) in Planansicht liegt, enthalt, wobei jedes Teil
vier Subregionen (Da, Db, Dc, Dd) umfasst;

die erste Subpixelelektrode (191a) sowohl als die
obere und untere Teile (191ba, 191bb) der zweiten
Subpixelelektrode (191b) jeweils einen Querstamm
(193) und einen Langsstamm (192) umfassen,
wobei die Vielzahl von Zweigen (194a, 194b, 194c,
194d) jeweils von einem der Stdmme (192; 193) ab-
zeigen.

Flissigkristallanzeige nach Anspruch 1, in welcher:
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zum Vorneigen nach den Richtungen, in wel-
chen die Zweige (194a, 194b, 194c, 194d) ver-
laufen, die Flissigkristallmolekilen (310) aus-
gerichtet sind.

Flussigkristallanzeige nach Anspruch 2, in welcher:

zum erleichterten Vorneigen der Flissigkristall-
molekilen (310) die Flussigkristallschicht (3)
Polymere (350, 370) ferner enthalt.

Flussigkristallanzeige nach Anspruch 3, in welcher:

die Polymere (350, 370) durch das Bestrahlen
von Monomeren umfassenden Prepolymeren
(330) ausgebildet sind.

Flissigkristallanzeige nach Anspruch 4,
wobei die Prepolymere (330) mit ultravioletten Strah-
len bestrahlt werden.

Flussigkristallanzeige nach Anspruch 2, ferner um-
fassend:

eine Ausrichtungsschicht (11, 21) die auf der Pi-
xelelektrode (191) oder der gemeinsamen Elek-
trode (270) angeordnet ist,

wobei zur Kontrollierung der Ausrichtungsrich-
tung und des Ausrichtungswinkels der Flissig-
kristallmolekilen (310) in den Richtungen, in
den die Zweige (194a, 194b, 194c, 194d) ver-
laufen, die Ausrichtungsschicht (11, 12) auf das
Licht ausgerichtet ist.

Flissigkristallanzeige nach Anspruch 1, in welcher:
Die Breite der Zweige (194a, 194b, 194c, 194d)
in Planansicht im Bereich von 2,5 pm bis 5,0

wm liegt.

Flussigkristallanzeige
welcher: .,

nach Anspruch 1, in

der Abstand zwischen benachbarten Zweigen
(19443, 194b, 194c, 194d) in Planansicht im Be-
reich von 2,5 pm bis 5,0 pm liegt.

Flussigkristallanzeige nach Anspruch 1, in welcher
die Querstamme (193) und die Langsstamme (192)
eine Grenze der Subregionen (Da, Db, Dc, Dd) bil-
den; und

die Zweige (194a, 194b, 194c, 194d) der ersten Sub-
pixelelektrode (191a) und der zweiten Subpixelelek-
trode (191b) von den jeweiligen Querstdmmen (193)
oder von den jeweiligen Langsstamme (192) nach
den Kanten der ersten Subpixelelektrode (191a) und
der zweiten Subpixelelektrode (191) aus gehen.
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24
Flussigkristallanzeige nach Anspruch 9, in welcher:

die Breite der Zweige (194a, 194b, 194c, 194d)
in Planansicht vom Querstamm (193) oder vom
Langsstamm (192) nach der Kante der ersten
Subpixelelektrode (191a) oder der zweiten Sub-
pixelelektrode (191b) enger wird.

Flussigkristallanzeige nach Anspruch 10, in welcher:

der Unterschied zwischen der breitesten Breite
der Zweige (194a, 194b, 194c, 194d) in Planan-
sicht und der engsten Breite in Planansicht im
Bereich von 0,2 pm bis 1,69 pm liegt.

Flussigkristallanzeige nach Anspruch 1, in welcher:

die erste Subpixelelektrode (191a) oder die
zweite Subpixelelektrode (191b) vier Subregio-
nen (Da, Db, Dc, Dd) umfasst.

Flissigkristallanzeige nach Anspruch 12, in welcher:

die erste Subpixelelektrode (191a) oder die
zweite Subpixelelektrode (191b) vier Subregio-
nen (Da, Db, Dc, Dd) mit unterschiedlichen Fla-
chen umfasst.

Flussigkristallanzeige nach Anspruch 12, inwelcher:

die Querstdamme (193) und die Langsstdmme
(192) Grenzen der Subregionen (Da, Db, Dc,
Dd) bilden.

Flussigkristallanzeige nach Anspruch 14, inwelcher:

eine Flache zweier der Subregionen (Da, Db,
Dc, Dd), die auf einer ersten Seite des Quer-
stamms (193) der ersten Subpixelelekirode
(191a) oder der zweiten Subpixelelektrode
(191b) angeordnet sind, mindestens 1,5-mal die
Flache der verbleibenden zwei Subregionen in
jedem des oberen Teils (191 bu) und des unte-
ren Teils (191b) der zweiten Subpixelelektrode
(191b) betragt, wobei die verbleibenden zwei
Subregionen auf einer zweiten Seite des Quer-
stamms (193) angeordnet sind, wobei die erste
Seite der zweiten Seite entgegengesetzt ist.

Flussigkristallanzeige nach Anspruch 15, in welcher:

die Langsbreite der beiden Subregionen (Da,
Db, Dc, Dd), die auf der ersten Seite des Quer-
stamms (193) der ersten Subpixelelektrode
(191a) oder der zweiten Subpixelelektrode
(191b) angeordnet sind, mindestens 5 pm be-
tragt.
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18.

19.

20.

21.

22,

23.

24,

25

Flussigkristallanzeige nach Anspruch 14, in welcher:
die Flache zweier der Subregionen (Dc, Dd), die auf
einer ersten Seite des Querstamms (192) der ersten
Subpixelelektrode (191a) oder der zweiten Subpi-
xelelektrode (191) angeordnet sind, mindestens 1,5-
mal die Flache der verbleibenden zwei Subregionen
(Da, Db) in jedem des oberen Teils (191 bu) und des
unteren Teils (191b) der zweiten Subpixelelektrode
(191b) betragt, wobei die verbleibenden zwei Sub-
regionen (Da, Db) auf einer zweiten Seite des Quer-
stamms (192) angeordnet sind, wobei die erste Seite
der zweiten Seite entgegengesetzt ist.

Flissigkristallanzeige nach Anspruch 17, in welcher:

die Querbreite der zwei Subregionen (Dcn Dd),
die auf der ersten Seite des Langsstamms (19)
der ersten Subpixelelektrode (191a) oder der
zweiten Subpixelelektrode (191b) mindestens 5
wm betragt.

Flussigkristallanzeige nach Anspruch 1, ferner um-
fassend Mittel zur Versorgung einer Spannung an
die erste Subpixelelektrode (191a), die hoher ist als
eine durch dieses Mittel an die zweite Subpixelelek-
trode (191b) versorgte Spannung.

Flissigkristallanzeige nach Anspruch 1, in welcher:

die Flache der zweiten Subpixelelektrode
(191b) 1,0 bis 2,2-mal die Flache der ersten
Subpixelelektrode (191a) betragt.

Flissigkristallanzeige nach Anspruch 1, in welcher:

zweite Subpixelelektrode (191b) Anschlisse
(195b) ferner enthalt,die links und rechts der er-
sten Subpixelelektrode (191a) in Planansicht
angeordnet sind und die Anschliisse (195b) den
oberen Teil (191bu) und den unteren Tell
(191bb) der zweiten Subpixelelektrode (191b)
verbinden.

Flissigkristallanzeige nach Anspruch 1, ferner um-
fassend Mittel zur Versorgung von Spannungen an
die erste Subpixelelektrode (191a) und an die zweite
Subpixelelektrode (191b, wobei diese beiden Span-
nungen unterschiedlich voneinander sind.

Flussigkristallanzeige nach Anspruch 22,

wobei die erste Subpixelelektrode (191a) und die
zweite Subpixelelektrode zur Aufnahme von unter-
schiedlichen aus Informationen uber ein Bild ver-
sorgten Datenspannungen (191b) angepasst sind.

Flussigkristallanzeige nach Anspruch 1,
in welcher die Flissigkristallschicht (3) einen ersten
Abschnitt, der zwischen der ersten Subpixelelektro-
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25.

26.

27.

28.

29.
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de (191a) und der gemeinsamen Elektrode (270) an-
geordnet ist, und einen zweiten Abschnitt, der zwi-
schen der zweiten Subpixelelektrode (191b) und der
gemeinsamen Elektrode (270) angeordnet ist, um-
fasst,

wobei die Flissigkristallmolekilen (310) in unter-
schiedlichen Richtungen in unterschiedlichen Sub-
regionen (Da, Db, Dc, Dd) ausgerichtet sind, und
Flachen der Subregionen (Da, Db, Dc, Dd) im ersten
Abschnitt und im zweiten Abschnitt voneinander ver-
schieden sind.

Flussigkristallanzeige nach Anspruch 24, in welcher:

eine Flache einer Subregion, die eine breitere
Flache aufweist, 1,5-mal die einer anderen Sub-
region betragt, die eine engere Flache aufweist.

Flussigkristallanzeige nach Anspruch 25, in welcher:

die Ausrichtungsrichtungen der Flussigkristall-
molekilen (310) des ersten Abschnitts und des
zweiten Abschnitts den Richtungen entspre-
chen, in denen sich die Zweige (194a, 194b,
194c, 194d) erstrecken.

Flussigkristallanzeige nach Anspruch 1, ferner um-
fassend:

eine erste Signalleitung (GL; 121) und eine zwei-
te Signalleitung (SL);

eine dritte Signalleitung (DLa; 171a) und eine
vierte Signalleitung (DLb; 171b), die die erste
Signalleitung (GL; 121) und die zweite Signal-
leitung (SL) Uberquert;

ein erstes Schaltelement (Qa; 124a, 173a,
175a, 154a), das mit der ersten Signalleitung
(GL; 121) und der dritten Signalleitung (SL) ver-
bunden ist, wobei das erste Schaltelement (Qa;
124a, 173a, 175a, 154a) von der dritten Signal-
leitung (DLa; 171a) an die erste Subpixelelek-
trode (191a) eine Datenspannung Ubertragt;
ein zweites Schaltelement (Qb; 124b, 173b,
175b, 154b), das mit der ersten Signalleitung
(GL; 121) und der vierten Signalleitung (DLb;
171b) verbunden ist, wobei das zweite Schal-
telement (Qb; 124b, 173b, 175b, 154b) von der
vierten Signalleitung (DLb; 171b) an die zweite
Subpixelelektrode (191b) eine Datenspannung
Ubertragt.

Flussigkristallanzeige nach Anspruch 27, in welcher:
die zweite Signalleitung (SL) eine gemeinsame
Spannung (Vcom) Ubertragt.

Flussigkristallanzeige nach Anspruch 28, in welcher:

die zweite Signalleitung (SL) einen Abschnitt



30.

31.

32.

33.

34.

35.

36.
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des Spaltes (91) oder Grenzflachen zwischen
den Subregionen (Da, Db, D¢, Dd) in Planan-
sicht Uberlappt.

Flussigkristallanzeige nach Anspruch 27, in welcher:

Flachen der Subregionen (Da, Db, Dc, Dd) in
der ersten Subpixelelektrode (191a) oder in der
zweiten Subpixelelektrode (191b) unterschied-
lich voneinander sind.

Flussigkristallanzeige nach Anspruch 30, in welcher:

eine Subregion mit einer schmaleren Flache die
erste Signalleitung (QL; 121) in Planansicht
Uberlappt.

Flussigkristallanzeige nach Anspruch 31, in welcher:

der Anschluss (195b) die dritte Signalleitung
(DLa; 171a) oder die vierte Signalleitung (DLb;
171b) in Planansicht Giberdeckt.

Flussigkristallanzeige nach Anspruch 27, in welcher:

der Anschluss (195b) die dritte Signalleitung
(DLa; 171a) oder die vierte Signalleitung (DLb;
171b) in Planansicht Giberdeckt.

Flussigkristallanzeige nach Anspruch 27, in welcher:

zum Empfangen einer Datenspannung vom
zweiten Schaltelemente (Qb; 124b, 173b, 175b,
154b) der obere Teil (191bu) einen ersten Be-
ruhrungsabschnitt aufweist; und

zum Empfangen einer Datenspannung vom
zweiten Schaltelemente (Qb; 124b, 173b, 175b,
154b) der untere Teil (191bb) einen zweiten Be-
rihrungs- abschnitt aufweist.

Flissigkristallanzeige nach Anspruch 27, in welcher:

zum Empfangen einer Datenspannung vom er-
sten Schaltelemente (Qa; 124a, 173a, 1753,
154a) die erste Subpixelelektrode (191ba) einen
dritten Berlihrungsabschnitt aufweist;

zum Empfangen einer Datenspannung vom
zweiten Schaltelemente (Qb; 124b, 173b, 175b,
154b) die zweite Subpixelelektrode (191b) ei-
nen vierten Berilihrungsabschnitt aufweist; und
der dritte BerlUihrungsabschnitt und der vierte
Beriihrungsabschnitt an Grenzflachen der Sub-
regionen (Da, Db, Dc, Dd) ausgelegt sind.

Flussigkristallanzeige nach Anspruch 34, in welcher:

der vierte Berihrungsabschnitt an einer unteren
Ecke der ersten Subpixelelektrode (191a) ang-
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ordnet ist.

37. Flissigkristallanzeige nach Anspruch 1, in welcher

die zweite Subpixelelektrode (191b) Anschlisse
(195b) ferner enthalt, die links und rechts der ersten
Subpixelelektrode (191a) in Planansicht angeordnet
sind; und

die zweite Subpixelelektrode (191b) die erste Sub-
pixelelektrode (191a) einschlieflt.

Revendications

Affichage a cristaux liquides, comprenant :

une électrode de pixel (191) contenant une pre-
miére électrode de sous-pixel (191a) et une
électrode de sous-pixel (191b) séparées élec-
triquement par un entrefer (91) en vue en plan;
une électrode commune (270) faisant face a
I'électrode de pixel (191); et

une couche de cristaux liquides (3) disposée en-
tre I'électrode de pixel (191) et I'électrode com-
mune (270), la couche de cristaux liquides (3)
comprenant une pluralité de molécules de cris-
taux liquides (310), ou la premiére électrode de
sous-pixel (191a) et la seconde électrode de
sous-pixel (191b) comportent chacune une plu-
ralité de branches (194a, 194b, 194c, 194d) et
une pluralité de sous-régions (Da, Db, Dc, Dd),
les branches (194a, 194b, 194c, 194d) s’éten-
dant dans des directions différentes dans des
sous-régions différentes (Da, Db, Dc, Dd);

caractérisé en ce que

la seconde électrode de sous-pixel (191b) comprend
une partie supérieure (191b) disposée au-dessus de
la premiére électrode de sous-pixel (191a) en vue
en plan et une partie (191bb) disposée au-dessous
de la premiére électrode de sous-pixel (191a) en vue
en plan, chacune comportant quatre sous-régions
(Da, Db, Dc, Dd);

chacune de la premiére électrode de sous-pixel
(191a) et des parties supérieure etinférieure (191ba,
191bb) de la seconde électrode de sous-pixel (191b)
comprend une tige transversale (193) et une tige lon-
gitudinale (192),

la pluralité de branches (194a, 194b, 194c, 194d) se
ramifiant chacune a partir de I'une des tiges (192;
193).

Affichage a cristaux liquides selon la revendication
1, dans lequel :

les molécules de cristaux liquides (310) sont ali-
gnées pour se pré-incliner selon les directions
dans lesquelles s’étendent les branches (194a,
194b, 194c¢,194d).
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Affichage a cristaux liquides selon la revendication
2, dans lequel :

la couche de cristaux liquides (3) comprend en
outre des polymeéres (350, 370) destinés a faci-
liter la pré-inclinaison des molécules de cristaux
liquides (310).

Affichage a cristaux liquides selon la revendication
3, dans lequel:

on obtient les polymeres pores (350, 370) en
irradiant des prépolyméres (330) comportant
des monomeéres.

Affichage a cristaux liquides selon larevendication 4,
les prépolyméres (330) étant irradiés par des rayons
ultraviolets.

Affichage a cristaux liquides selon la revendication
2, comprenant en outre :

une couche d’alignement (11,21) disposée sur
I'électrode de pixel (191) ou I'électrode commu-
ne (270),

la couche d’alignement (11, 21) étant alignée
sur lalumiére pour commander la direction d’ali-
gnement et 'angle d’alignement des molécules
de cristaux liquides (310) dans les directions
dans lesquelles s’étendent les branches (1943,
194b, 194c, 194d).

Affichage a cristaux liquides selon la revendication
1, dans lequel :

la largeur des branches (194a, 194b, 194c,
194d) en vue en plan est dans la fourchette de
2,5puma5,0 um.

Affichage a cristaux liquides selon la revendication
1, dans lequel :

lintervalle entre des branches adjacentes
(194a, 194b, 194c, 194d) en vue en plan est
dans la fourchette de 2,5 pm a 5,0 pm.

Affichage a cristaux liquides selon la revendication
1, dans lequel:

les tiges transversales (193) et les tiges longi-
tudinales (192) forment une frontiére des sous-
régions (Da, Db, Dc, Dd); et

les branches (194a, 194b, 194c, 194d) de la pre-
miére électrode de sous-pixel (191a) et de la
seconde électrode de sous-pixel (191b) s’éten-
dent a partir des tiges transversales (193) res-
pectives ou des tiges longitudinales (192) res-
pectives vers les bords de la premiére électrode

10

15

20

25

30

35

40

45

50

55

16

EP 2 105 786 B1

10.
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13.

14.

15.

30

de sous-pixel (191a) et de la seconde électrode
de sous-pixel (191b).

Affichage a cristaux liquides selon la revendication
9, dans lequel :

la largeur des branches (194a, 194b, 194c,
194d) en vue en plan devient plus étroite a partit
de la tige transversale (193) ou de la tige longi-
tudinale (192) vers le bord de la premiere élec-
trode de sous-pixel (191a) etde laseconde élec-
trode de sous-pixel (191b).

Affichage a cristaux liquides selon la revendication
10, dans lequel :

la différence entre la plus grande largeur des
branches (194a, 194b, 194c, 194d) en vue en
plan et la largeur la pus petite en vue en plan
est dans la fourchette de 0,2 pm a 1,6 pm.

Affichage a cristaux liquides selon la revendication
1, dans lequel :

la premiére électrode de sous-pixel (191a) oula
seconde électrode de sous-pixel (191b) com-
prend quatre sous-régions (Da, Db, Dc, Dd).

Affichage a cristaux liquides selon la revendication
12, dans lequel :

la premiére électrode de sous-pixel (191a) oula
seconde électrode de sous-pixel (191b) com-
prend quatre sous-régions (Da, Db, Dc, Dd) pré-
sentant des zones différentes.

Affichage a cristaux liquides selon la revendication
12, dans lequel :

les tiges transversales (193) et les tiges longi-
tudinales (192) forment des frontiéres des sous-
régions (Da, Db, Dc, Dd).

Affichage a cristaux liquides selon la revendication
14, dans lequel :

une superficie de deux des sous-régions (Da,
Db, Dc, Dd), disposées sur un premier coté de
la tige transversale (193) de la premiere élec-
trode de sous-pixel (191a) ou de la seconde
électrode de sous-pixel (191b), correspond a au
moins 1,5 fois la superficie des deux sous-ré-
gions restantes dans chacune de la partie su-
périeure (191bu) et de la partie inférieure (191b)
de la seconde électrode de sous-pixel (191b),
caractérisé en ce que les deux sous-régions
restantes sont disposées sur un second cété de
la tige transversale (193), le premier coté étant



31 EP 2 105 786 B1 32

opposé au second coté.

16. Affichage a cristaux liquides selon la revendication

15, dans lequel :

la largeur longitudinale des deux sous-régions
(Da, Db, Dc, Dd) disposée sur le premier coté
de latige transversale (193) de la premiere élec-
trode de sous-pixel (191a) ou de la seconde
électrode de sous-pixel (191b) est d’au moins 5
pm.

17. Affichage a cristaux liquides selon la revendication

14, dans lequel : la superficie de deux sous-régions
(Dc, Dd), disposées sur un premier coté de la tige
transversale (192) de la premiére électrode de sous-
pixel (191a) ou de la seconde électrode de sous-
pixel (191b), correspond a au moins 1,5 fois la su-
perficie des deux sous-régions restantes (Da, Db)
dans chacune de la partie supérieure (191bu) et de
la partie inférieure (191b) de la seconde électrode
de sous-pixel (191b), caractérisé en ce que les
deux sous-régions restantes (Da, Db) sont dispo-
sées sur un second c6té de la tige longitudinale
(192), le premier coté étant opposé au second cété.

18. Affichage a cristaux liquides selon la revendication

17, dans lequel :

la largeur transversale des deux sous-régions
(Dc, Dd) disposées sur le premier cété de la tige
transversale (192) de la premiére électrode de
sous-pixel (191a) ou de la seconde électrode de
sous-pixel (191b) est d’au moins 5 um.

19. Affichage a cristaux liquides selon la revendication

1, comprenant en outre un moyen pour fournir une
tension a la premiére électrode de sous-pixel (191a)
étant supérieure a une tension fournie par ledit
moyen a la seconde électrode de sous-pixel (191b).

20. Affichage a cristaux liquides selon la revendication

1, dans lequel :

la superficie de la seconde électrode de sous-
pixel (191b) correspond a 1,0 a 2,2 fois la su-
perficie de la premiére électrode de sous-pixel
(191a).

21. Affichage a cristaux liquides selon la revendication

1, dans lequel :

la seconde électrode de sous-pixel (191b) com-
prend en outre des connexions (195b) dispo-
sées a gauche et a droite de la premiére élec-
trode de sous-pixel (191a) en vue en plan et les
connexions (195b) relient la partie supérieure
(191bu) et la partie inférieure (191bb) de la se-
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conde électrode de sous-pixel (191b).

22. Affichage a cristaux liquides selon la revendication

1, comprenant en outre un moyen pour fournir des
tensions a la premiére électrode de sous-pixel
(191a) et a la seconde électrode de sous-pixel
(191b) étant différentes I'une de I'autre.

23. Affichage a cristaux liquides selon la revendication

22,

la premiére électrode de sous-pixel (191a) et la se-
conde électrode de sous-pixel (191b) étant adaptées
a la réception de différentes tensions de données
provenant des informations d’une image.

24. Affichage a cristauxliquides selon larevendication 1,

caractérisé en ce que la couche de cristauxliquides
(3) comprend une premiére portion disposée entre
la premiere électrode de sous-pixel (191a) et I'élec-
trode commune (270) et une seconde portion dispo-
sée entre la seconde électrode de sous-pixel (191b)
et I'électrode commune (270),

les molécules de cristaux liquides (310) sont ali-
gnées dans des directions différentes dans des
sous-régions différentes (Da, Db, Dc, Dd), et

les superficies des sous-régions (Da, Db, Dc, Dd)
sont différentes I'une de 'autre dans la premiéere por-
tion ou dans la seconde portion.

25. Affichage a cristaux liquides selon la revendication

24, dans lequel :

une superficie d’'une sous-région, de superficie
plus large, correspond a 1,5 fois celle d’'une
autre sous-région, de superficie plus étroite.

26. Affichage a cristaux liquides selon la revendication

25, dans lequel :

les directions d’alignement des molécules de
cristaux liquides (310) de la premiére portion et
de la seconde portion correspondent aux direc-
tions dans lesquelles s’étendent les branches
(194a, 194b, 194c, 194d).

27. Affichage a cristaux liquides selon la revendication

1, comprenant en outre :

une premiére ligne du signal (GL; 121) et une
deuxiéme ligne du signal (SL);

une troisiéme ligne du signal (DLa; 171a) et une
quatrieme ligne du signal (DLb; 171b) croisant
la premiére ligne du signal (GL; 121) etla deuxié-
me ligne du signal (SL);

un premier élément de commutation (Qa; 124a,
173a, 175a, 154a) connecté a la premiere ligne
dusignal (GL; 121) et la troisi€me ligne du signal
(DLa; 171a), le premier élément de commuta-



28.

29.

30.

31.

32.

33.

34.

33 EP 2 105 786 B1 34

tion (Qa; 124a, 173a, 175a, 154a) transmettant
une tension de données en provenance de la
troisiéme ligne du signal (DLa; 171a) a la pre-
miére électrode de sous-pixel (191a);

un second élément de commutation (Qb; 124b,
173b, 175b, 154b) connecté a la premiere ligne
du signal (GL; 171a) et la quatrieme ligne du
signal (DLb; 171b), le second élément de com-
mutation (Qb; 124b, 173b, 175b, 154b) trans-
mettant une tension de données en provenance
de la quatriéme ligne du signal (DLb; 171b) a la
seconde électrode de sous-pixel (191b).

Affichage a cristaux liquides selon la revendication
27, dans lequel :

la deuxieme ligne du signal (SL) transmet une
tension commune (Vcom)

Affichage a cristaux liquides selon la revendication
28, dans lequel :

la deuxiéme ligne du signal (SL) chevauche une
portion de I'entrefer (91) ou des frontiéres sépa-
rant les sous-régions (Da, Db, Dc, Dd) en vue
en plan.

Affichage a cristaux liquides selon la revendication
27, dans lequel :

les superficies des sous-régions (Da, Db, Dc,
Dd) sont différentes 'une de 'autre dans la pre-
miére électrode de sous-pixel (191a) ou la se-
conde électrode de sous-pixel (191b).

Affichage a cristaux liquides selon la revendication
30, dans lequel: une sous-région de superficie ré-
duite chevauche la premiere ligne du signal (QL;
121) en vue en plan.

Affichage a cristaux liquides selon la revendication
31, dans lequel :

la largeur longitudinale de la sous-région de su-
perficie réduite est d’au moins 5 pm.

Affichage a cristaux liquides selon la revendication
31, dans lequel :

la connexion (195b) recouvre la troisi€me ligne
du signal (DLa; 171a) ou la quatrieme ligne du
signal (DLb; 171b) en vue en plan.

Affichage a cristaux liquides selon la revendication
27, dans lequel:

la partie supérieure (191bu) comprend une pre-
miére portion de contact pour recevoir une ten-
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sion de données en provenance du second élé-
ment de commutation (Qb; 124b, 173b, 175b,
154b); et

la partie inférieure (191bb) comprend une
deuxieme portion de contact pour recevoir une
tension de données en provenance du second
élément de commutation (Qb; 124b, 173b,
175b, 154b).

. Affichage a cristaux liquides selon la revendication
27, dans lequel :

la premiére électrode de sous-pixel (191a) com-
prend une troisi€me portion de contact pour re-
cevoir une tension de données en provenance
du premier élément de commutation (Qa; 124a,
173a, 175a, 154a);

la seconde électrode de sous-pixel (191b) com-
prend une quatrieme portion de contact pour re-
cevoir une tension de données en provenance
du deuxiéme élément de commutation (Qbj;
124b, 173b, 175b, 154b); et

la troisiéme portion de contact et la quatriéme
portion de contact sont disposées sur des fron-
tiéres des sous-régions (Da, Db, Dc, Dd).

36. Affichage a cristaux liquides selon la revendication

34, dans lequel :

la quatrieme portion de contact occupe un coin
inférieur de la premiere électrode de sous-pixel
(191a).

37. Affichage a cristaux liquides selon la revendication

1, caractérisé en ce que la seconde électrode de
sous-pixel (191b) comprend en outre des con-
nexions (195b) disposées a gauche et a droite de la
premiére électrode de sous-pixel (191a) en vue en
plan; et

la seconde électrode de sous-pixel (191b) renferme
la premiére électrode de sous-pixel (191a).
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