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(54) EMBEDDED TOUCH DISPLAY DEVICE

(57) An embedded touch display device includes a
first substrate (100) and a second substrate (200) which
are opposite; a liquid crystal display unit and a capacitive
touch unit located between the first substrate and the
second substrate. The liquid crystal display structure in-
cludes a pixel electrode layer (120), a common electrode
layer and a liquid crystal layer (30), the pixel electrode
layer (120) and the common electrode layer are located
on two sides of the liquid crystal layer (30), and liquid
crystal (30) in the liquid crystal layer (30) is ferroelectric

liquid crystal. Nematic liquid crystal is replaced with fer-
roelectric liquid crystal in the embedded touch display
device, thereby solving a problem that in a TN mode em-
bedded touch display device, liquid crystal molecules ro-
tate from a horizontal direction to a vertical direction or
from a vertical direction to a horizontal direction, thus the
rotational angle is large, which results a great variation
of permittivity of the liquid crystal layer, and thus seriously
affects the sensitivity effect of the touch electrodes.
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Description

[0001] The present application claims the priority of
Chinese Patent Application No. 201210308846.2, enti-
tled "EMBEDDED TOUCH DISPLAY DEVICE", filed with
the Chinese Patent Office on August 27, 2012, the con-
tent of which is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to the field of liquid
crystal display, and in particular to an embedded touch
display device.

BACKGROUND OF THE INVENTION

[0003] Touch display devices on the market are mostly
separated touch screens, and the separated touch
screen is obtained by assembling a touch panel and a
liquid crystal panel manufactured separately together.
The obtained display device is rather thick, and since
multiple layers of glass and film are added, the light trans-
mittance and the contrast gradient of the display screen
are observably decreased. Moreover, the cost of the
above touch display device is high. In order to make the
liquid crystal display device with the touch panel lighter,
thinner, good display effect and low-cost, an embedded
touch technology emerges, which is a technology for in-
tegrating the touch panel with the liquid crystal panel.
Specifically, the touch technology of the touch panel may
be implemented by a capacitive touch control, a resistive
touch control, infrared touch control or the like, and the
structure of the liquid crystal panel may be implemented
by a common Twisted Nematic Liquid Crystal (TN) mode,
In Plane Switching Liquid Crystal (IPS) mode, Fringe
Field Switching Liquid Crystal (FFS) mode or the like.
Currently, the main developing trend of the embedded
touch technology refers to an On-Cell embedded touch
display device and an In-Cell embedded touch display
device.
[0004] For the On-Cell embedded touch display de-
vice, the touch sensor is provided on the liquid crystal
panel. The liquid crystal panels and the touch compo-
nents need to be assembled by bonding. In this manner,
improving the success rate of bonding and reducing the
times for bonding are the keys of the touch panel process-
ing technology.
[0005] For the In-Cell embedded touch display device,
the touch sensor is embedded into the liquid crystal pix-
els. The manufacture of the touch sensing elements may
be completed according to the TFT LCD standard
processing. Moreover, there are no problems of screen
face bonding and components in alignment, the weight
and the thickness are reduced greatly, and thus the de-
vice is lighter and thinner. In addition, the viewing angle
of the device may not be affected, and the light transmit-
tance of the panel and the picture quality of the screen

are much better.
[0006] In summary, the using effects of the embedded
touch display devices produced by using the prior arts
are not ideal.

SUMMARY OF THE INVENTION

[0007] A problem to be solved in the invention is that
the using effects of the embedded touch display devices
are not ideal.
[0008] To solve the above problem, an embedded
touch display device is provided in the invention, and the
embedded touch display device includes:

a first substrate and a second substrate which are
opposite to each other; and

a liquid crystal display unit and a capacitive touch
unit disposed between the first substrate and the
second substrate, where the liquid crystal display
unit includes a pixel electrode layer, a common elec-
trode layer and a liquid crystal layer, the pixel elec-
trode layer and the common electrode layer are dis-
posed respectively on two sides of the liquid crystal
layer, and the liquid crystal in the liquid crystal layer
is ferroelectric liquid crystal.

[0009] Optionally, the first substrate and the second
substrate may be formed of transparent insulating mate-
rial.
[0010] Optionally, the pixel electrode layer and the
common electrode layer may be formed of transparent
conductive material.
[0011] Optionally, the liquid crystal in the liquid crystal
layer may be Semi-V shaped ferroelectric liquid crystal,
which is obtained by performing asymmetrical anchoring
on the ferroelectric liquid crystal.
[0012] Optionally, the performing asymmetrical an-
choring on the ferroelectric liquid crystal may include set-
ting the alignment direction of an upper alignment film
reaching an upper surface of the liquid crystal layer and
the alignment direction of a lower alignment film reaching
a lower surface of the liquid crystal layer to be antiparallel,
and setting the alignment intensity of the upper alignment
film reaching the upper surface of the liquid crystal layer
and the alignment intensity of the lower alignment film
reaching the lower surface of the liquid crystal layer to
be different, and an azimuth angle of the ferroelectric
liquid crystal may be 22.5°.
[0013] Optionally, the alignment direction of an upper
alignment film reaching an upper surface of the liquid
crystal layer may be perpendicular to the alignment di-
rection of a lower alignment film reaching a lower surface
of the liquid crystal layer, the upper alignment film and
the lower alignment film have the same alignment inten-
sity, the ferroelectric liquid crystal may be twisted ferro-
electric liquid crystal, and an azimuth angle of the ferro-
electric liquid crystal may be 45°.
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[0014] Optionally, the common electrode layer may in-
clude multiple parallel common electrodes.
[0015] Optionally, the capacitive touch unit may in-
clude: multiple parallel driving electrodes crossing the
common electrodes or multiple parallel sensing elec-
trodes crossing the common electrodes, and an insulat-
ing layer is disposed between the common electrodes
and the driving electrodes or between the common elec-
trodes and the sensing electrodes.
[0016] Optionally, one side of the liquid crystal layer
may be closer to the second substrate, and the other side
of the liquid crystal layer may be covered with a color
film; the capacitive touch unit may be disposed on one
side of the color film relatively far from the liquid crystal
layer, and the first substrate may be disposed on one
side of the capacitive touch unit relatively far from the
liquid crystal layer.
[0017] Optionally, the capacitive touch unit may in-
clude multiple parallel sensing electrodes and multiple
parallel driving electrodes crossing the sensing elec-
trodes, the driving electrodes are disposed in the same
layer as the sensing electrodes.
[0018] Optionally, the capacitive touch unit may be a
bi-layer structure, which may include multiple parallel
sensing electrodes and multiple parallel driving elec-
trodes crossing the sensing electrodes, and an insulating
layer is disposed between the driving electrodes and the
sensing electrodes.
[0019] Optionally, the driving electrodes and/or the
sensing electrodes may include an indium tin metal oxide
layer and a metal layer which are overlapped, and the
metal layer may be a net-like structure.
[0020] Optionally, a surface of the metal layer may be
covered with a protection layer which is a black matrix
for shading.
[0021] Optionally, a planarization layer may be dis-
posed between the liquid crystal layer and the color film.
[0022] Optionally, the planarization layer may be
formed of transparent organic material.
[0023] Compared with the prior art, the present inven-
tion mainly has the following advantages.
[0024] Nematic liquid crystal is replaced with ferroe-
lectric liquid crystal, thereby solving a problem that in a
TN mode embedded touch display device, liquid crystal
molecules rotate from a horizontal direction to a vertical
direction or from a vertical direction to a horizontal direc-
tion, and the rotational angle is large, resulting in the great
variation of permittivity of the liquid crystal layer, and thus
the sensitivity of the touch electrodes is affected serious-
ly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Figure 1 is an equivalent circuit diagram of a touch
electrode in an embedded capacitive touch display
device;

Figure 2 is a schematic structural diagram of a TN
mode capacitive embedded touch display device in
the prior art;

Figure 3 is a schematic diagram of an arrangement
of an upper polarizer, a lower polarizer and liquid
crystal molecules in an Off state of a TN mode in the
prior art;

Figure 4 is a schematic diagram of an arrangement
of an upper polarizer, a lower polarizer and liquid
crystal molecules in an On state of a TN mode in the
prior art;

Figure 5 is a schematic diagram of replacing nematic
liquid crystal with ferroelectric liquid crystal in a liquid
crystal layer in a TN mode; and

Figure 6 is a top view of an implementation of a ca-
pacitive touch unit according to the third embodiment
of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0026] An embedded capacitive touch display device
includes a capacitive touch unit and a liquid crystal dis-
play unit. Specifically, the capacitive touch unit includes
a touch sensor which includes touch electrodes. The
touch electrodes include driving electrodes and sensing
electrodes. Display electrodes in the liquid crystal display
unit include pixel electrodes and common electrodes.
There are parasitic capacitances between the touch elec-
trodes and the display electrodes which are the closest
to the touch electrodes in the liquid crystal display unit,
and the parasitic capacitances would seriously affect the
signal to noise ratio of the capacitive touch unit.
[0027] Figure 1 illustrates an equivalent circuit of a
crossover point of each driving electrode and each sens-
ing electrode in an embedded capacitive touch display
device, where Ct and Cr respectively mean the parasitic
capacitances between the driving electrode of the touch
screen and other display electrode in the liquid crystal
display unit and between the detection electrode of the
touch screen and the other display electrode in the liquid
crystal display unit. The driving electrode is equivalent
as a driving line 121 and a resistance 122, the sensing
electrode is equivalent as a sensing line 141 and a re-
sistance 142, and a mutual capacitance 16 is formed at
each crossover point of the driving electrode and the
sensing electrode. There is a parasitic capacitance Ct
between the driving electrode and the ground, and there
is a parasitic capacitance Cr between the sensing elec-
trode and the ground. A touch detection circuit 30 is a
charge amplifier, which converts the current of the sens-
ing electrode into a voltage signal output Vout. When the
touch panel (the touch unit) is touched by a finger, the
mutual capacitance 16 at the touch point is changed,
resulting in the variation of output current I of the sensing
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electrode, and thus the output voltage Vout varies.
[0028] If the liquid crystal display unit is filled with the
liquid crystal in a TN mode, the parasitic capacitance
would have a stronger effect on the touch electrode. The
TN mode is a liquid crystal mode where nematic liquid
crystal with liquid crystal molecule twist angle of 90° is
used, and the TN mode is a basic liquid crystal mode of
a liquid crystal panel. The TN mode liquid crystal panel
is configured as below: nematic liquid crystal is injected
between glass substrates with transparent electrodes,
and polarizers are provided on the outside of the glass
substrates. The transparent electrodes include common
electrodes and pixel electrodes. The 90° twist of the
nematic liquid crystal molecules is achieved by mutually
perpendicular rubbing and anchoring of alignment films
on the surfaces of the glass substrates, i.e., the alignment
films located on the upper surface and lower surface of
the nematic liquid crystal layer. It is known by those skilled
in the art that before the liquid crystal is used in a display,
the liquid crystal molecules need to be oriented towards
a certain direction, which is referred to as alignment. Gen-
erally, the method of alignment is as follows: coating poly-
imide resin on opposite surfaces of the upper glass sub-
strate and the lower glass substrate to form a thin film,
and then rubbing the resin along a certain direction by
using a rubbing cloth (rubbing process) to form tiny gaps,
and in this manner the liquid crystal molecules may be
oriented towards the same direction along the gaps. The
resin film in which the tiny gaps are formed in a certain
direction is referred to as an alignment film.
[0029] The liquid crystal molecule is a rod-like mole-
cule with a long axis and a short axis, and the permittivity
of the liquid crystal molecule in the long axis direction is
different from that in the short axis direction. In the case
where images are displayed in a TN mode liquid crystal
display unit, the liquid crystal molecules rotate from a
horizontal direction to a vertical direction or from a vertical
direction to a horizontal direction. The rotational angle is
large, resulting in great variation of the permittivity of the
liquid crystal layer, which in turn seriously affects the
changes of the parasitic capacitances Ct and Cr. There-
fore, the output current I of the sensing electrode is
changed, and the output voltage Vout is changed, result-
ing in seriously effect on the sensitivity of the touch elec-
trode of the touch screen.
[0030] The above problem is solved by replacing the
nematic liquid crystal with ferroelectric liquid crystal
through pondering and many trials of the inventor. Be-
cause the ferroelectric liquid crystal can realize a rather
small rotation angle, the variation of the permittivity of
the liquid crystal layer is decreased.
[0031] Specifically, the ferroelectric liquid crystal is the
liquid crystal with ferroelectricity, which is mainly smectic
C * phase (chiral smectic C phase). The smectic C phase
may be obtained by cooling the nematic phase at a cer-
tain temperature, and the smectic C phase composed of
the chiral carbon is the smectic C * phase. All these three
liquid crystal molecules are comprised of rod-like or strip-

like molecules which are arranged to be a layer, where
the long axes of molecules in the nematic liquid crystal
molecule layer are parallel and the direction of the long
axes is perpendicular to the normal line of the layer. The
long axes of molecules in the smectic C phase liquid crys-
tal molecule layer are parallel and the direction of the
long axes is inclined to the normal line of the layer. The
smectic C * phase liquid crystals are arranged to be a
layer-like structure, as shown in Figure 2. The angle be-
tween the long axis of the molecule in the layer and the
normal line of the layer is θ, molecules in each layer are
distributed on the surface of a cone with a vertex angle
of 2θ, and liquid crystal molecules in each layer have the
same inclination angle. However, in the adjacent layers,
the offset angle of liquid crystal molecules changes with
a helical structure, such that the liquid crystal molecules
along the same normal line of the layer are arranged in
a helical structure. An inclined smectic liquid crystal com-
posed of the smectic C * phase (chiral smectic C phase
liquid crystal) may have no mirror symmetry, and thus
may have a spontaneous polarization dipole moment and
have a ferroelectric property, so it is referred to as ferro-
electric liquid crystal.
[0032] The principle of the ferroelectric liquid crystal
display is as follows. Similar to the metal in the magnetic
field, ferroelectric liquid crystal molecules may form an
accurate and ordered arrangement when affected by an
external electric field. The ferroelectric liquid crystal mol-
ecules may be regularly arranged on a conical surface
rotatably under the action of an electric field, and modu-
lation of the light transmission intensity may be achieved
by the rotation of the liquid crystal molecules. In this way,
the light and shade display may be generated under the
action of the electric field. A desired image may be formed
by controlling every pixel according to the principle. Be-
cause the rotation of the ferroelectric liquid crystal mol-
ecule is a result of coupling of an external electric field
and the electric dipole moment, and the molecules do a
conical surface rotation, advantages such as fast re-
sponse and wide viewing angle may be obtained.
[0033] In order to make the above objects, features
and advantages of the present invention more apparent
and easier to be understood, specific embodiments of
the present invention will be described in detail below in
conjunction with the accompanying drawings.
[0034] Many specific details are described in the de-
scription below for full understanding of the present in-
vention. However, the present invention may also be im-
plemented by many other methods different from the de-
scription herein, and similar extension may be made by
those skilled in the art without departing from the conno-
tation of the present invention. Therefore, the present
invention is not limited to the specific embodiments dis-
closed below.

First embodiment

[0035] In the embodiment, nematic liquid crystal in the
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TN mode is replaced by Semi-V shaped ferroelectric liq-
uid crystal.
[0036] A TN mode capacitive embedded touch display
device in the prior art is shown in Figure 2, which includes
a first substrate 100 and a second substrate 200 disposed
to be opposite to each other, and a liquid crystal display
unit and a capacitive touch unit disposed between the
first substrate 100 and the second substrate 200, where
the liquid crystal display unit includes a pixel electrode
layer 120, a common electrode layer and a liquid crystal
layer 30. The pixel electrode layer 120 and the common
electrode layer are disposed respectively on two sides
of the liquid crystal layer, and the liquid crystal in the liquid
crystal layer 30 is nematic liquid crystal.
[0037] The opposite surfaces of the first substrate 100
and the second substrate 200 are covered with alignment
films, and the 90° twist of the nematic liquid crystal mol-
ecules in the liquid crystal layer 30 is achieved by mutu-
ally perpendicular rubbing and anchoring of the align-
ment films.
[0038] The first substrate and the second substrate are
formed of transparent insulating material. In the embod-
iment, the first substrate and the second substrate are
formed of glass panels generally used in the manufac-
turing field of liquid crystal panel. A TFT array layer 110
is also provided between the pixel electrode 110 and the
first substrate 100. The material of the pixel electrode
layer 120 and the common electrode layer are transpar-
ent conductive material, and the main material of the TFT
array layer 110 is transparent conductive material. In the
embodiment, the transparent conductive material may
be indium tin metal oxide generally used in the manufac-
turing field of liquid crystal panel. In the Figure, the com-
mon electrode includes a common electrode 210 and a
common electrode 211 separated with each other, which
may also serve as the touch unit of the capacitive touch
unit which includes sensing electrodes and driving elec-
trodes. The common electrode in the liquid crystal display
unit may serve as the touch unit, which may be realized
by inputting different voltage at different time to perform
different function at different time. The touch operating
time is rather short, which is about 10% of display refresh
time, and the liquid crystal molecules do not have enough
time to response in the period of voltage change, there-
fore the sharing of the common electrode and the touch
electrode has almost no serious effect on display.
[0039] Similarly, in other embodiments, the common
electrode may serve as only one of the driving electrode
and the sensing electrode of the touch electrode, and the
other one is disposed on the liquid crystal layer. For ex-
ample, the common electrode serves as the driving elec-
trode, and the surface of the side of the liquid crystal layer
on which the common electrode is formed is covered with
an insulating layer which is covered with the sensing elec-
trode. Alternatively, the common electrode serves as the
sensing electrode, and the surface of the side of the liquid
crystal layer on which the common electrode is formed
is covered with an insulating layer which is covered with

the driving electrode.
[0040] The arrangement of an upper polarizer, a lower
polarizer and liquid crystal molecules is shown in Figure
3 and Figure 4, where the optical axis directions of the
upper polarizer 610 and the lower polarizer 620 are or-
thogonal to each other. Figure 3 shows that when light
is transmitted, the liquid crystal molecules 30 on the up-
per surface and lower surface are parallel to the direc-
tions of optical axes of their closer polarizers respectively,
liquid crystal molecules 30 in the middle of the liquid crys-
tal layer rotate gradually, and the light through the upper
polarizer and the lower polarizer passes through the liq-
uid crystal layer by rotating synchronously with the rotat-
ing of the liquid crystal molecules 30. Figure 4 shows that
when a voltage is applied, under the action of the electric
field, liquid crystal molecules in the middle are all upright,
and the liquid crystal molecules 30 on the upper surface
and lower surface are still parallel to the directions of
optical axes of their closer polarizers respectively. In this
way, the light can not pass through the liquid crystal layer
by the liquid crystal molecules. The liquid crystal layer is
in a dark state.
[0041] Because TN mode is a liquid crystal mode
where a 90° twist angle of a liquid crystal molecule of
nematic liquid crystal is used. In such a structure, the
vertical rotation of the liquid crystal 30 causes a great
change of permittivity of the liquid crystal layer, which
seriously affects the judgment of sensitivity of the com-
mon electrode 210 and the common electrode 211 which
also function as the common electrode and the touch
electrode when serving as the touch electrode.
[0042] In the embodiment, the nematic liquid crystal
30 in the TN mode is replaced with ferroelectric liquid
crystal 40, as shown in Figure 5. The ferroelectric liquid
crystal 40 is Semi-V shaped ferroelectric liquid crystal,
and the Semi-V shape means that the morphology of the
electro-optical characteristic alignment of the ferroelec-
tric liquid crystal is Semi-V shaped. The morphology of
the electro-optical characteristic alignment of a ferroe-
lectric liquid crystal is generally V-shaped, which has a
bi-stable state, and thus it is difficult to show grayscale
display, therefore the V-shaped ferroelectric liquid crystal
needs to be turned into Semi-V shape ferroelectric liquid
crystal to achieve grayscale display, thereby realizing
picture display with much complicated changes in color
and luminance. The Semi-V shaped ferroelectric liquid
crystal may be obtained by performing asymmetrical an-
choring on the ferroelectric liquid crystal. The asymmet-
rical anchoring process is carried out in this way that: an
alignment film on the first substrate 100 has an alignment
direction antiparallel to that of an alignment film on the
second substrate 200, and an rubbing alignment intensity
different from that of the alignment film on the second
substrate 200, which are realized by rubbing along an-
tiparallel directions with different strength when rubbing
the resin. In this way, the depths of the tiny gaps formed
on the alignment films (an upper alignment film and a
lower alignment film) of the first substrate 100 and the
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second substrate 200 are different.
[0043] In this way, in the case where no voltage is ap-
plied, the ferroelectric liquid crystal molecules 40 dis-
posed between the upper alignment film and the lower
alignment film are arranged along the rubbing alignment
direction, with the long axis direction along a horizontal
direction. The liquid crystal display unit is in the dark state.
When a bright-state voltage is applied between the com-
mon electrodes 210, 211 and the pixel electrodes 120,
a column of ferroelectric liquid crystal molecules 40 are
twisted and functions as a liquid crystal light valve, and
thus the liquid crystal display unit starts to display a pic-
ture. The ferroelectric liquid crystal 40 rotates according
to the azimuth angle θ of its own helical structure, and
compared with the vertical rotation in the TN mode, the
rotation of the ferroelectric liquid crystal 40 realizes a
rather small angle, similar to rotating in a horizontal plane.
Therefore the use of the ferroelectric liquid crystal can
reduce the change of the permittivity of the liquid crystal
layer.
[0044] In this case, those skilled in the art can infer the
formula of the transmittance ratio for the liquid crystal
molecule rotating in a plane for display:

[0045] It can be obtained that T gets a maximum value
when θ=22.5°, so the transmittance ratio is the best when
θ=22.5°. Therefore, preferably, in the embodiment, the
azimuth angle θ of the ferroelectric liquid crystal is 22.5°,
which may be achieved by controlling the temperature
to which the ferroelectric liquid crystal is cooled down
during the phase change when preparation of the ferro-
electric liquid crystal by cooling, or by selecting the dipole
moment of the ferroelectric liquid crystal molecule. In
practical application, it may be customized by a liquid
crystal manufacturer.

Second embodiment

[0046] In this embodiment, the liquid crystal in the liquid
crystal layer of the capacitive embedded touch display
device is twisted ferroelectric liquid crystal.
[0047] Specifically, the rubbing direction of alignment
film on the surface of the first substrate is perpendicular
to the rubbing direction of alignment film on the surface
of the second substrate, both of the rubbing directions of
alignment films are consistent to the optical axis of the
polarizer. Other structures in the capacitive embedded
touch display device are similar to those in the first em-
bodiment.
[0048] In the embodiment, the liquid crystal molecule
layer in the twisted ferroelectric liquid crystal is perpen-
dicular to the surface of the substrate, which are achieved

by mutually perpendicular anchoring of the first substrate
and the second substrate, i.e., the rubbing directions of
the alignment films on the surfaces of the first substrate
and the second substrate are mutually perpendicular, but
director of the molecules between the two substrates are
twisted to 90°. When a voltage is applied, anti-ferroelec-
tric liquid crystal molecules only rotate almost in a plane.
In such a structure, the arrangement of twisted ferroe-
lectric liquid crystal molecules between the upper sub-
strate and the lower substrate is the same as the arrange-
ment of the liquid crystal molecules in the TN liquid crystal
mode.
[0049] For the liquid crystal display mode of the liquid
crystal display unit of the embodiment, a bright state is
obtained when no voltage is applied, and when a voltage
is applied, the spontaneous polarization directions of the
twisted ferroelectric liquid crystal molecules are the
same, and the liquid crystal molecules rotate almost in a
plane, so a dark state is obtained. In this way, the variation
of the permittivity of the liquid crystal layer is much smaller
than that of the TN liquid crystal, which may effectively
reduce the variations of the mutual capacitance and the
parasitic capacitance caused by the rotation of the liquid
crystal molecules. But the off-state response time is al-
most the same as that of the TN liquid crystal mode.
[0050] Similar to the first embodiment, in order to ob-
tain a maximum transmittance ratio, the azimuth angle θ
of the twisted ferroelectric liquid crystal is preferably 45°.

Third embodiment

[0051] In the embodiment, the capacitive touch unit in
the embedded capacitive touch display device may be
provided on one side of a color film. Specifically, one side
of the liquid crystal layer is closer to the first substrate,
and the other side of the liquid crystal layer is covered
with a color film. The capacitive touch unit is disposed
on the side of the color film relatively far from the liquid
crystal layer, and the other side of the capacitive touch
unit is toward the inner surface of the second substrate.
The structure of the liquid crystal panel is similar to that
of the first embodiment or the second embodiment.
[0052] The capacitive touch unit includes multiple par-
allel sensing electrodes and multiple parallel driving elec-
trodes crossing the sensing electrodes, and the driving
electrodes and the sensing electrodes are located in the
same layer or in different layers.
[0053] A top view of an embodiment is shown in Figure
6, including a driving electrode layer 12 and a sensing
electrode layer 14. The driving electrode layer 12 or the
sensing electrode layer 14 is formed by multiple small-
sized and diamond-shaped electrode patterns in which
multiple parallel driving electrodes or multiple parallel
sensing electrodes are formed by connecting the elec-
trode patterns. The driving electrode layer 12 includes
multiple driving electrodes 12a, 12b, 12c..., and the sens-
ing electrode layer 14 includes multiple sensing elec-
trodes 14a, 14b, 14c.... In this embodiment, the driving
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electrodes cross the sensing electrodes, and all the dia-
mond-shaped patterns of the driving electrodes are con-
nected in the same horizontal direction. The sensing
electrodes and the driving electrodes are covered with a
dielectric layer having via holes, all diamond-shaped pat-
terns of the sensing electrode are electrically connected
by an interconnecting wire through the via holes. Or all
diamond-shaped patterns of the sensing electrode are
connected in the same horizontal direction. The sensing
electrodes and the driving electrodes are covered with a
dielectric layer having via holes, and all diamond-shaped
patterns of the driving electrode are electrically connect-
ed by an interconnecting wire through the via holes.
[0054] In an embodiment where driving electrodes and
sensing electrodes are of a bi-layer structure, the shape
of the driving electrodes and the sensing electrodes in
the driving electrode layer and the sensing electrode lay-
er may be similar to that described above, i.e., may be a
diamond-shaped pattern. The driving electrodes cross
the sensing electrodes, and the diamond-shaped pat-
terns of the driving electrodes or the sensing electrodes
are connected in the same horizontal direction. A trans-
parent insulating layer is disposed between the driving
electrodes and the sensing electrodes to serve as a di-
electric layer for isolation.
[0055] The driving electrodes and the sensing elec-
trodes include an indium tin metal oxide layer and a metal
layer which are overlapped. The diamond-shaped pat-
terns are formed of the indium tin metal oxide layer, and
the edge of each diamond-shaped pattern is covered with
the metal of the metal layer to form a net-like structure,
which improves the whole conductive properties of the
touch electrode. The grids of the metal layer are further
covered with a protection layer.

Fourth embodiment

[0056] In the embodiment, the ferroelectric liquid crys-
tal layer is filled with bi-stable ferroelectric liquid crystal
molecules. The anchoring directions of alignment films
on the first substrate and the second substrate are par-
allel, other structures are similar to or the same as those
of the aforementioned embodiments. In such a structure,
the bi-stable ferroelectric liquid crystal molecules only
display in a bright state or a dark state, but don’t display
in the gray state. Therefore, the liquid crystal display unit
according to the embodiment is only adapted to occa-
sions where only bright state and dark state are needed
for display, such as display of a character or display of a
monochromatic identifier.
[0057] Although preferred embodiments of the present
invention have been disclosed above, they are not in-
tended to limit the present invention. Any possible chang-
es and modifications may be made to the technical so-
lutions of the present invention by those skilled in the art
according to the method and the technical content dis-
closed above without departing from the spirit and the
scope of the present invention. Therefore the scope of

protection of the present invention should be defined by
the claims.

Claims

1. An embedded touch display device, comprising:

a first substrate and a second substrate which
are opposite to each other; and
a liquid crystal display unit and a capacitive
touch unit disposed between the first substrate
and the second substrate,
wherein the liquid crystal display unit comprises
a pixel electrode layer, a common electrode lay-
er and a liquid crystal layer,
wherein the pixel electrode layer and the com-
mon electrode layer are disposed on two sides
of the liquid crystal layer respectively, and
wherein the liquid crystal in the liquid crystal lay-
er comprises a ferroelectric liquid crystal mate-
rial.

2. The embedded touch display device according to
claim 1, wherein the first substrate and the second
substrate are made of a transparent insulating ma-
terial.

3. The embedded touch display device according to
claim 1, wherein the pixel electrode layer and the
common electrode layer are made of a transparent
conductive material.

4. The embedded touch display device according to
claim 1, wherein the liquid crystal in the liquid crystal
layer comprises Semi-V shaped ferroelectric liquid
crystals, which are obtained by performing asym-
metrical anchoring on the ferroelectric liquid crystal.

5. The embedded touch display device according to
claim 1, wherein the process of asymmetrical an-
choring on the ferroelectric liquid crystal comprises
setting an alignment direction of an upper alignment
film reaching an upper surface of the liquid crystal
layer and an alignment direction of a lower alignment
film reaching a lower surface of the liquid crystal layer
to be antiparallel, and setting an alignment intensity
of the upper alignment film reaching the upper sur-
face of the liquid crystal layer and an alignment in-
tensity of the lower alignment film reaching the lower
surface of the liquid crystal layer to be different.

6. The embedded touch display device according to
claim 1, wherein an upper alignment film reaching
an upper surface of the liquid crystal layer has an
alignment direction perpendicular to an alignment in-
tensity of a lower alignment film reaching a lower
surface of the liquid crystal layer, and a same align-
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ment intensity as an alignment direction of the lower
alignment film reaching the lower surface of the liquid
crystal layer, and the ferroelectric liquid crystal is
twisted ferroelectric liquid crystal.

7. The embedded touch display device according to
claim 1, wherein the common electrode layer com-
prises a plurality of parallel common electrodes.

8. The embedded touch display device according to
claim 7, wherein the capacitive touch unit comprises:
a plurality of parallel driving electrodes crossing the
common electrodes or a plurality of parallel sensing
electrodes crossing the common electrodes, and an
insulating layer is disposed between the common
electrodes and the driving electrodes or between the
common electrodes and the sensing electrodes.

9. The embedded touch display device according to
claim 1, wherein one side of the liquid crystal layer
is facing to the second substrate, and an opposite
side of the liquid crystal layer is covered with a color
film;
the capacitive touch unit is disposed on one side of
the color film away from the liquid crystal layer, and
the first substrate is disposed on one side of the ca-
pacitive touch unit away from the liquid crystal layer.

10. The embedded touch display device according to
claim 9, wherein the capacitive touch unit comprises
a plurality of parallel sensing electrodes and a plu-
rality of parallel driving electrodes crossing the sens-
ing electrodes, the driving electrodes being disposed
in a same layer as the sensing electrodes.

11. The embedded touch display device according to
claim 9, wherein the capacitive touch unit is a bi-layer
structure comprising: a plurality of parallel sensing
electrodes and a plurality of parallel driving elec-
trodes crossing the sensing electrodes, and an in-
sulating layer disposed between the driving elec-
trodes and the sensing electrodes.

12. The embedded touch display device according to
claim 8, 10 or 11, wherein the driving electrodes
and/or the sensing electrodes comprise an indium
tin metal oxide layer and a metal layer which are
overlapped, and the metal layer has a net-like struc-
ture.

13. The embedded touch display device according to
claim 12, wherein the metal layer has a surface cov-
ered with a protection layer which is a black matrix
for shading.

14. The embedded touch display device according to
claim 9, further comprising a planarization layer is
disposed between the liquid crystal layer and the

color film.

15. The embedded touch display device according to
claim 9, wherein the planrization layer is made of a
transparent organic material.
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摘要(译)

一种嵌入式触控显示装置，包括相对的第一基板（100）和第二基板
（200）;液晶显示单元和位于第一基板和第二基板之间的电容式触摸单
元。液晶显示结构包括像素电极层（120），公共电极层和液晶层
（30），像素电极层（120）和公共电极层位于液晶层的两侧（ 30），
液晶层（30）中的液晶（30）是铁电液晶。在嵌入式触控显示装置中，
向列液晶被铁电液晶取代，解决了TN模式嵌入式触控显示装置中液晶分
子从水平方向向垂直方向或从垂直方向向水平方向旋转的问题。因此，
旋转角度大，这导致液晶层的介电常数的很大变化，从而严重影响触摸
电极的灵敏度效果。
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