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Description
FIELD OF THE ART

[0001] Embodiments of the invention relate to the field
of liquid crystal display, more specifically, to a color filter
substrate, aliquid crystal panel and aliquid crystal display
(LCD) device.

BACKGROUND

[0002] LCD devices are categorized into vertical elec-
tric field (E-field) LCD devices and horizontal E-field LCD
devices, based on the direction of the E-field driving the
liquid crystals. The vertical E-field LCD devices generally
include Twist Nematic (TN) mode and vertical alignment
(VA) mode, while the horizontal E-field LCD devices gen-
erally include in-plane switching (IPS) mode, fringe field
switching (FFS) mode and advanced super dimension
switching (ADS) mode. In comparison with the vertical
E-field LCD devices, the horizontal E-field LCD devices
do not require additional optical compensation films to
realize wide view angle. However, the distribution of the
E-field in the liquid crystal layer of the horizontal E-field
LCD device is not uniform and there are local regions not
covered by the E-field and therefore non-transmissive
for the light, which makes the overall light transmissivity
of the liquid crystal panel low.

US 2008/129901A1 of You et al. entitled "Liquid Crystal
Display Panel" filed on October 31, 2007, discloses a
liquid crystal panel, including an array substrate having
a first pixel electrode and a first common electrode, and
an opposite substrate facing the array substrate, the op-
posite substrate including a second pixel electrode and
a second common electrode, and the second pixel elec-
trode receives a pixel voltage from the first pixel elec-
trode. A similar display device is disclosed in CN
101943829 A; both substrates comprise a respective pix-
el and a common electrode.

SUMMARY

[0003] The present invention aims to provide a color
filter substrate, a liquid crystal panel and a liquid crystal
display device so as to increase light transmissivity of
the liquid crystal panel.

[0004] To meet the above purpose, the invention pro-
vides the following technical solutions.

[0005] The invention provides a liquid crystal display
panel as defined in claim 1, inter alia comprising an array
substrate, a colorfilter substrate, and a liquid crystal layer
formed between the array substrate and the color filter
substrate, wherein a plurality of first strip-shaped pixel
electrodes and first strip-shaped common electrodes are
arranged alternately on the array substrate and a plurality
of sets of electrode structures comprising second pixel
and second common electrodes are arranged on a sur-
face of the color filter substrate.
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[0006] According to claim 2, in any two neighboring
sets of electrode structure, the distance between the sec-
ond pixel electrode and the second common electrode
is the same.

[0007] According to claim 3, each of the second pixel
electrode and the second common electrode has a width
of 2~3pm;

[0008] the distance between the second pixel elec-
trode and the second common electrode is 2~5um.
[0009] In the above liquid crystal panel, in any two
neighboring sets of electrode structure on the color filter
substrate, the second pixel electrode and the second
common electrode are disposed in opposite order.
[0010] Inthe above liquid crystal panel, a distance be-
tween the second pixel electrode and the neighboring
second common electrode of the electrode structure is
smaller than a distance between the first pixel electrode
and the neighboring first common electrode.

[0011] In the above liquid crystal panel, the first pixel
electrode, each of the second pixel electrode, the first
common electrode and the second common electrode
has a width of 2~3um;

[0012] the distance between the second pixel elec-
trode and the neighboring second common electrode of
the electrode structure is 2~5um;

[0013] the distance between the first pixel electrode
and the neighboring first common electrode is 5~10pm.
[0014] Accordingtoathirdaspectitis described a liquid
crystal display device comprising the above liquid crystal
panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Inordertoclearlyillustrate the technical solution
of the embodiments of the invention, the drawings of the
embodiments will be briefly described in the following; it
is obvious that the described drawings are only related
to some embodiments of the invention and thus are not
limitative of the invention.

Fig. 1 schematically illustrates a configuration of a
liquid crystal panel comprising a color filter substrate,
in accordance with an embodiment of the invention;
Fig. 2 schematically illustrates a light transmissivity
distribution of the liquid crystal panel in accordance
with the liquid crystal panel shown in Figure 1 when
electric field is formed therein;

Fig. 3 schematically illustrates a light transmissivity
distribution of the conventional liquid crystal panel.

DETAILED DESCRIPTION

[0016] In order to make objects, technical details and
advantages of the embodiments of the invention appar-
ent, the technical solutions of the embodiment will be
described in a clearly and fully understandable way in
connection with the drawings related to the embodiments
of the invention. It is obvious that the described embod-
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iments are just a part but not all of the embodiments of
the invention. Based on the described embodiments
herein, those skilled in the art can obtain other embodi-
ment(s), without any inventive work, which should be
within the scope of the invention.

[0017] Unless otherwise defined, all the technical and
scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art
to which the presentinvention belongs. The terms "first,"
"second," etc., which are used in the description and the
claims of the present application for invention, are not
intended to indicate any sequence, amount or impor-
tance, but distinguish various components. Also, the
terms such as "a," "an," etc., are not intended to limit the
amount, but indicate the existence of at lease one. The
terms "comprises," "comprising," "includes," "including,"
etc., are intended to specify that the elements or the ob-
jects stated before these terms encompass the elements
or the objects and equivalents thereof listed after these
terms, but do not preclude the other elements or objects.
The phrases "connect", "connected”, etc., are notintend-
ed to define a physical connection or mechanical con-
nection, but may include an electrical connection, directly
or indirectly. "On," "under," "right," "left" and the like are
only used to indicate relative position relationship, and
when the position of the object which is described is
changed, the relative position relationship may be
changed accordingly.

[0018] With reference to Fig. 3, a configuration of a
conventional horizontal electric field (E-field) liquid crys-
tal panel has a pixel electrode a and a common electrode
b formed on an array substrate 1 and no electrode is
formed on a color filter substrate 2. It is seen from Fig. 3
that a horizontal E-field 4 is formed between the pixel
electrode a and the common electrode b when a voltage
is applied, while no E-field is formed in regions direct over
the pixel electrode a and the common electrode b. As a
result, liquid crystal molecules in the regions are not ro-
tated and no phase delay is generated when light passes
through the regions. Under the effect of the upper and
lower polarizers of the liquid crystal panel, lightin these
regions can not transmit through the liquid crystal panel,
which makes the overall light transmissivity of the liquid
crystal panel low. Generally, the liquid crystal panel hav-
ing such a configuration has a maximum light transmis-
sivity of about 70%.

[0019] To solve the above problem, an embodiment of
the invention provides a liquid crystal panel, which further
has a pixel electrode and a common electrode formed
on the color filter substrate other than the pixel electrode
and the common electrode formed on the array substrate.
The liquid crystal layer not only has a primary E-field gen-
erated by the pixel and common electrodes on the array
substrate but also an auxiliary E-field generated by the
pixeland common electrodes on the color filter substrate.
The auxiliary E-field compensates and enhances the hor-
izontal E-field in the liquid crystal layer, thereby forming
a uniform E-field distribution in the liquid crystal layer. A
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liquid crystal panel with such a configuration has a min-
imum light transmissivity of over 70% and a maximum
light transmissivity of up to 90%.

[0020] With reference to Fig. 1, a liquid crystal panel
comprising a color filter substrate 2 in accordance with
the embodiment of the invention comprises an array sub-
strate 1, the color filter substrate 2 and a liquid crystal
layer (not shown) formed between the array substrate 1
and the color filter substrate 2, in which:

[0021] a plurality of first pixel electrodes "a" and a plu-
rality of first common electrodes "b" are alternatively dis-
posed on a side of the array substrate 1 facing the color
filter substrate 2;

[0022] a plurality of sets of electrode structure 3 are
formed on a side of the color filter substrate 2 facing the
array substrate 1, each set of electrode structure 3 com-
prises a second pixel electrode "c" and asecond common
electrode "d", the second pixel electrode ¢ and the sec-
ond common electrode d in each set of electrode struc-
ture 3 are symmetrically disposed on both sides of an
orthographic projection of the first pixel electrode a or the
first common electrode b on the color filter substrate 2.

[0023] Preferably, in the above liquid crystal panel, the
second pixel electrode ¢ and the second common elec-
trode d of two neighboring sets of electrode structure 3
are disposed in opposite order. As an example, in a first
set of electrode structure 3, the second pixel electrode ¢
is disposed on the left side of the second common elec-
trode d, while in a second (i.e., neighboring) set of elec-
trode structure 3, the second pixel electrode cis disposed
on the right side of the second common electrode d. By
this means, the auxiliary E-field is distributed only in the
regions direct over the first pixel electrode a and the first
common electrode b.

[0024] Preferably, a distance y between the second
pixel electrode c and the neighboring second common
electrode d of the electrode structure 3 is smaller than a
distance x between the first pixel electrode a and a neigh-
boring first common electrode b.

[0025] As an example, each of the first pixel electrode
a, the second pixel electrode c, the first common elec-
trode b and the second common electrode d has a width
of 2~3um, the distance between the second pixel elec-
trode ¢ and the neighboring second common electrode
d of the electrode structure 3 is 2~5um, and the distance
between the first pixel electrode a and the neighboring
firstcommon electrode b is 5~10p.m. The auxiliary E-field
generated by the second pixel electrode c and the second
common electrode d on the color filter substrate is located
right above the first pixel electrode or the first common
electrode on the array substrate and may enhance the
primary horizontal E-field on the array substrate. Here,
a voltage for the first and second common electrodes a
and ¢ may be constant, while a voltage for the first and
second pixel electrodes b and d may be adjusted based
on the displayed gray level value, for example, it may be
0~20V.

[0026] With reference to Fig. 2, in the afore-mentioned
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liquid crystal panel as shown by Figure 1, when display
is required, voltages are applied to the first pixel electrode
a, the first common electrode b, the second pixel elec-
trode c and the second common electrode d, a primary
horizontal E-field 4 is formed between the first pixel elec-
trode a and the first common electrode b, an auxiliary
horizontal E-field 5 is formed between the second pixel
electrode c and the second common electrode d, and the
auxiliary horizontal E-field 5 is in the regions direct over
the first pixel electrode a and the first common electrode
b. In such a way, a uniform E-field distribution is formed
in the liquid crystal layer. The uniform E-field may sub-
stantially rotate all the liquid crystal molecules in the pixel
region, thereby, phase delay of the light transmitted
through the liquid crystal layer is increased and the light
transmissivity of the liquid crystal panel is accordingly
increased.

[0027] The advantages effect of the embodiment of the
invention may be seen by comparing Figs.2 and 3. It is
seen from Fig. 3 that no E-field exists direct over the first
pixel electrode a and the first common electrode b, which
makes the light transmissivity low, while the auxiliary hor-
izontal E-field 5 is formed right above the first pixel elec-
trode a and the first common electrode in Fig. 2, thereby
increasing the light transmissivity.

[0028] Moreover, an embodiment of the invention pro-
vides a display device which comprises the liquid crystal
panel of the above embodiment. The display device may
be a liquid crystal panel, an E-paper, a liquid crystal tel-
evision, a liquid crystal display, a digital photo-frame, a
mobile phone, a tablet PC and any other product or de-
vice having a display function.

[0029] What are described above is related to the il-
lustrative embodiments of the disclosure only and not
limitative to the scope of the disclosure; the scopes of
the disclosure are defined by the accompanying claims.

Claims

1. Aliquid crystal panel comprising an array substrate
(1), a color filter substrate (2), and a liquid crystal
layer formed between the array substrate (1) and the
color filter substrate (2), wherein a plurality of first
pixel electrodes (a) and a plurality of first common
electrodes (b) are disposed on a surface of the array
substrate (1) facing the color filter substrate (2), each
of the first pixel electrodes (a) and each of the first
common electrodes (b) are in a strip shape and ex-
tend along a first direction, the first pixel electrodes
(a) and the first common electrodes (b) are arranged
alternately along a second direction perpendicular
to the first direction in the same horizontal plane, the
panel being configured to form a primary horizontal
electrical field (4) between each of the first pixel elec-
trodes (a) and the neighboring first common elec-
trode (b);
aplurality of sets of electrode structure (3) are formed
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on a surface of the color filter substrate (2) facing
the array substrate (1), each set of electrode struc-
ture (3) comprises a second pixel electrode (c) and
a second common electrode (d), the second pixel
electrode (c) and the second common electrode (d)
are in a strip shape and extend along the same first
direction, the panel being further configured to form
an auxiliary horizontal electrical field (5) between the
second pixel electrode (c) and the second common
electrode (d);

characterized in that in any two neighboring sets
of electrode structure (3), any two second pixel elec-
trodes (c) of the two neighboring sets of electrode
structures are adjacent to each other, or any two
second common electrodes (d) of the two neighbor-
ing sets of electrode structure are adjacent to each
other, and the two second pixel electrodes (c) and
the two second common electrodes (d) of the two
neighboring sets of the electrode structures (3) on
the color filter substrate are respectively located be-
tween the first pixel electrode (a) and the first com-
mon electrode (b) of the opposite array substrate in
a plan view.

2. The liquid crystal panel of claim 1, wherein:

in any two neighboring sets of electrode struc-
ture (3), the distance between the second pixel
electrode (c) and the second common electrode
(d) is the same.

3. Theliquidcrystal panel of claim 1 or claim 2, wherein:

each of the second pixel electrode (c) and the
second common electrode (d) has a width of
2~3pm; and the distance between the second
pixel electrode (c) and the second common elec-
trode (d) is 2~5pm.

Patentanspriiche

1. Flussigkristalltafel, umfassend ein Array-Substrat
(1), ein Farbfiltersubstrat (2) und eine Flissigkristall-
schicht, die zwischen dem Array-Substrat (1) und
dem Farbfiltersubstrat (2) gebildet ist, wobei eine
Mehrzahl von erste-Pixel-Elektroden (a) und eine
Mehrzahl von erste-gemeinsame-Elektroden (b) auf
einer Oberflache des Array-Substrats (1), dem Farb-
filtersubstrat (2) zugewandt, vorgesehen sind, wobei
jede der erste-Pixel-Elektroden (a) und jede der ers-
te-gemeinsame-Elektroden (b) eine Streifengestalt
hat und sich entlang einer ersten Richtung erstreckt,
wobei die erste-Pixel-Elektroden (a) und die erste-
gemeinsame-Elektroden (b) alternierend entlang ei-
ner zweiten Richtung, senkrecht zu der ersten Rich-
tungin der gleichen horizontalen Ebene, angeordnet
sind, wobei die Tafel konfiguriertist, um ein primares
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horizontales elektrisches Feld (4) zwischen jeder der
erste-Pixel-Elektroden (a) und der benachbarten
erste-gemeinsameElektrode (b) zu bilden;

wobei eine Mehrzahl von Sets aus Elektroden-
struktur (3) auf einer Oberflache des Farbfilter-
substrats (2), dem Array-Substrat (1) zuge-
wandt, gebildet ist, wobei jedes Set aus Elektro-
denstruktur (3) eine zweite-Pixel-Elektrode (c)
und eine zweite-gemeinsame-Elektrode (d) um-
fasst, wobei die zweite-Pixel-Elektrode (c) und
die zweite-gemeinsame-Elektrode (d) eine
Streifengestalt aufweisen und sich entlang der
gleichen ersten Richtung erstrecken, wobei die
Tafel auRerdem konfiguriert ist, um ein zuséatz-
liches horizontales elektrisches Feld (5) zwi-
schen der zweite-Pixel-Elektrode (c) und der
zweite-gemeinsame-Elektrode (d) zu bilden;
dadurch gekennzeichnet, dass in beliebigen
zwei benachbarten Sets aus Elektrodenstruktur
(3) beliebige zwei zweite-Pixel-Elektroden (c)
der beiden benachbarten Sets aus Elektroden-
strukturen zueinander benachbart sind, oder
dass beliebige zwei zweite-gemeinsame-Elek-
troden (d) der zwei benachbarten Sets aus Elek-
trodenstruktur benachbart zueinander sind, und
wobei die zwei zweite-Pixel-Elektroden (c) und
die zwei zweite-gemeinsame-Elektroden (d) der
zwei benachbarten Sets aus den Elektroden-
strukturen (3) auf dem Farbfiltersubstrat in einer
Draufsicht jeweils zwischen der erste-Pixel-
Elektrode (a) und der erste-gemeinsame-Elek-
trode (b) des gegenuber liegenden Array-Sub-
strats lokalisiert sind.

2. Flussigkristalltafel gemaR Anspruch (1), wobei:

in beliebigen zwei benachbarten Sets aus Elek-
trodenstruktur (3) der Abstand zwischen der
zweite-Pixel-Elektrode (c) und der zweite-ge-
meinsame-Elektrode (d) der gleiche ist.

3. Flussigkristalltafel gemal Anspruch 1 oder An-

spruch 2, wobei:

jede von der zweite-Pixel-Elektrode (c) und der
zweite-gemeinsame-Elekirode (d) eine Breite
von 2-3um aufweist;

und wobei der Abstand zwischen der zweite-Pi-
xel-Elektrode (c) und der zweite-gemeinsame-
Elektrode (d) 2-5p.m betragt.

Revendications

Un panneau a cristaux liquides comprenant un subs-
trat de réseau (1), un substrat de filtre de couleur (2)
et une couche de cristaux liquides formée entre le
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substrat de réseau (1) et le substrat de filtre de cou-
leur (2), dans lequel une pluralité de premieres élec-
trodes de pixel (a) et une pluralité de premieres élec-
trodes communes (b) sont disposées sur une surfa-
ce du substrat de réseau (1) faisant face au substrat
de filtre de couleur (2), chacune des premiéeres élec-
trodes de pixel (a) et chacune des premieres élec-
trodes communes (b) sont sous la forme d’'une ban-
de et s’étendent le long d’'une premiére direction, les
premiéres électrodes de pixel (a) et les premieres
électrodes communes (b) sont agencées alternati-
vement le long d’'une deuxiéme direction perpendi-
culaire a la premiére direction dans le méme plan
horizontal, le panneau étant configuré pour former
un champ électrique horizontal primaire (4) entre
chacune des premiéres électrodes de pixel (a) et la
premiére électrode commune voisine (b) ;

une pluralité d’ensembles de structure d’élec-
trodes (3) sont formés sur une surface du subs-
trat de filtre de couleur (2) faisant face au subs-
trat de réseau (1), chaque ensemble de struc-
ture d’électrodes (3) comprend une deuxieme
électrode de pixel (c) et une deuxieéme électrode
commune (d), la deuxieme électrode de pixel
(c) et la deuxiéme électrode commune (d) sont
sous la forme d’'une bande et s’étendent le long
de laméme premiére direction, le panneau étant
en outre configuré pour former un champ élec-
trique horizontal auxiliaire (5) entre la deuxieme
électrode de pixel (c) et la deuxiéme électrode
commune (d) ;

caractérisé en ce que dans deux ensembles
voisins quelconques de structure d’électrodes
(3), deuxdeuxiemes électrodes de pixel (c) quel-
conques des deux ensembles voisins de struc-
tures d’électrode sont adjacentes I'une avec
I’autre, ou deux deuxiémes électrodes commu-
nes (d) quelconques des deux ensembles voi-
sins de structure d’électrodes sont adjacentes
I'une avec l'autre, et les deux deuxiémes élec-
trodes de pixels (c) et les deux deuxiémes élec-
trodes communes (d) des deux ensembles voi-
sins de structures d’électrode (3) sur le substrat
de filtre de couleur sont respectivement situées
entre la premiere électrode de pixel (a) et la pre-
miére électrode commune (b) du substrat de ré-
seau opposé dans une vue en plan.

Le panneau a cristaux liquides de la revendication
1, dans lequel :

dans deux ensembles voisins de structure
d’électrodes (3) quelconques, la distance entre
ladeuxiéme électrode de pixel (c) etla deuxieme
électrode commune (d) est la méme.

3. Le panneau a cristaux liquides de la revendication
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1 ou de la revendication 2, dans lequel :

chacune de la deuxieme électrode de pixel (c)
et la deuxieme électrode de pixel (d) a une lar-
geur de 2~3 pm;

et la distance entre la deuxiéme électrode de
pixel (c) et la deuxiéme électrode commune (d)
est de 2~5 um.
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