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(57) ABSTRACT

An in-cell touch display panel system includes: first and
second substrates configured therebetween a liquid crystal
layer, a black matrix layer, a sensing electrode trace layer, an
insulation layer, and a sensing electrode layer. The black
matrix layer is composed of a plurality of opaque lines. The
sensing electrode trace layer is composed of a plurality of
trace conductor lines. The insulation layer is disposed on one
surface of the sensing electrode trace layer facing the liquid
crystal layer. The sensing electrode layer is composed of a
plurality of transparent sensing electrodes obtained from pat-
terning a common voltage layer. Each transparent sensing
electrode is connected with at least one trace conductor line,
while the plurality of trace conductor lines are disposed cor-
responding to positions of the plurality of opaque lines of the
black matrix layer.
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IN-CELL TOUCH DISPLAY PANEL SYSTEM
USING METAL WIRES TO CONNECT WITH
SENSING ELECTRODES

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a structure of touch
display panel and, more particularly, to an in-cell touch dis-
play panel system using metal wires to connect with sensing
electrodes.

[0003] 2. Description of Related Art

[0004] A conventional touch display panel includes a touch
panel and a display unit overlapped with the touch panel. The
touch panel is configured as an operation interface. The touch
panel is transparent so that an image generated by the display
unit can be viewed directly by a user without being sheltered
by the touch panel. Such well known skill of the touch panel
may increase additional weight and thickness of the touch
display panel, and may further reduce the light penetration
rate, and increase reflectance and haze of the touch display
panel.

[0005] On-cell and in-cell touch technologies were
invented to overcome the drawbacks of traditional touch tech-
nology described above. The on-cell technology is to dispose
sensors on the back side of a color filter substrate to form a
completed color filter substrate. One of the on-cell touch
technologies is provided to dispose touch sensors on a thin
film and then bond the thin film onto the upper one of the two
substrates.

[0006] The in-cell technology is to dispose the sensors
within the LCD cell structure. Currently, there are resistive,
capacitive and optical three primary in-cell touch technolo-
gies, wherein the resistive touch technology employs two
conductive substrates and the voltage variation of a common
layer between the two substrates for determining a touch
position on the touch display panel.

[0007] Thein-cell touch technology is provided to integrate
the touch sensor within the display unit so that the display unit
is provided with the ability of the touch panel. Therefore, the
touch display panel does not need to be bonded with an
additional touch panel so as to simplify the assembly proce-
dure. Such skill is generally developed by TFT LCD manu-
factures.

[0008] There is older touch control technology known as
out-cell, which is typically applied to the resistive and capaci-
tive touch panels. The out-cell touch technology is provided
to add a touch module onto a display module. The touch
module and the display module can be manufactured by the
two separate parties.

[0009] However, for all the in-cell, on-cell and out-cell
touch technologies, they all need a transparent sensing elec-
trode layer to be configured on an upper or lower glass sub-
strate, which not only increases the manufacturing cost but
also complicates the manufacturing process, and which may
also lower the aperture ratio and thus need to increase the
strength of backlight, resulting in huge power consumption
which is disadvantageous to make the mobile device com-
pact. Furthermore, because the distance between the trans-
parent sensing electrode layer and the common electrode
(Vecom) layer of the LCD display panel is very tiny, the
capacitance formed by the finger and the transparent sensing
electrode layer is much smaller than that formed by the trans-
parent sensing electrode layer and the common electrode
(Vcom) layer when performing touch sensing with the trans-
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parent sensing electrode layer. Therefore, for calculating the
touched coordinate by using the touch sensing of the trans-
parent sensing electrode layer, the variation of values
obtained from different sensing electrodes becomes too small
to distinguish, which is disadvantageous to coordinate calcu-
lation. That is, due to the capacitance between the transparent
sensing electrode layer and the finger being much smaller
than that between the transparent sensing electrode layer and
the common electrode (Veom)layer, the capacitance between
the transparent sensing electrode layer and the finger is likely
to be influenced by the capacitance between the transparent
sensing electrode layer and the common electrode (Vcom)
layer, resulting in decreasing the accuracy of touch sensing.
Therefore, it desired for the aforementioned touch display
panel system to be improved.

SUMMARY OF THE INVENTION

[0010] The object of the present invention is to provide an
in-cell touch display panel system using metal wires to con-
nect with sensing electrodes, which greatly decreases the
weight and thickness of a TFT touch LCD panel and also
significantly reduces the material and manufacturing cost,
while increasing the accuracy of touch sensing.

[0011] To achieve the object, there is provided an in-cell
touch display panel system using metal wires to connect with
sensing electrodes, which includes: a first substrate; a second
substrate parallel to the first substrate; a liquid crystal layer
configured between the first substrate and the second sub-
strates; a black matrix layer disposed on one surface of the
first substrate facing the liquid crystal layer, the black matrix
layer being composed of a plurality of opaque lines; a sensing
electrode trace layer disposed on one surface of the black
matrix layer facing the liquid crystal layer, the sensing elec-
trode trace layer being composed of a plurality of trace con-
ductor lines; an insulation layer disposed on one surface of the
sensing electrode trace layer facing the liquid crystal layer;
and a sensing electrode layer disposed on one surface of the
insulation layer facing the liquid crystal layer, the sensing
electrode layer being composed of a plurality of transparent
sensing electrodes obtained from patterning a common volt-
age layer, wherein each transparent sensing electrode is con-
nected with at least one trace conductor line, and the plurality
of trace conductor lines are disposed corresponding to posi-
tions of the plurality of opaque lines of the black matrix layer.

[0012] Other objects, advantages, and novel features of the
invention will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 illustrates a stack-up diagram for an embodi-
ment of an in-cell touch display panel system using metal
wires to connect with sensing electrodes;

[0014] FIG. 2 is a schematic diagram of the black matrix
layer;

[0015] FIG. 3 is a schematic diagram of the sensing elec-
trode layer;

[0016] FIGS. 4(A) to 4(G) illustrate the manufacture pro-

cess of the in-cell touch display panel system using metal
wires to connect with sensing electrodes in accordance with
the present invention; and
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[0017] FIG. 5illustrates the black matrix layer, the sensing
electrode layer and the sensing electrode trace layer in accot-
dance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0018] Inastack-up diagram of a preferred embodiment of
the present invention, an in-cell touch display panel system
using metal wires to connect with sensing electrodes 100, as
shown in FIG. 1, includes a first substrate 110, a second
substrate 120, a liquid crystal layer 130, a black matrix layer
140, a sensing electrode trace layer 150, an insulation layer
160, a sensing electrode layer 170, a color filter layer 180, a
thin film transistor layer 190, a first polarizer layer 200, and a
second polarizer layer 210.

[0019] The first substrate 110 and the second substrate 120
are preferably glass substrates and are parallel to each other.
The liquid crystal layer 130 is disposed between the first and
second substrates 110, 120.

[0020] The black matrix layer 140 is between the first sub-
strate 110 and liquid crystal layer 130 and is disposed on one
surface of the first substrate 110 that faces the liquid crystal
layer 130. The black matrix layer 140 is composed of a
plurality of opaque lines.

[0021] FIG. 2 shows the black matrix layer 140, which is
the same as that of the prior LCD panel. As shown in FIG. 2,
the black matrix layer 140 is composed of lines 250 of insu-
lating material that are black and opaque. The lines 250 of
black insulating material are arranged as a checkerboard pat-
tern and the color filter 180 is disposed among the spaces 260
defined by the lines 250 of black insulating material. It is
noted that the dimension and the arrangement of the lines 250
of insulating material and the spaces 260, as shown in FIG. 2,
are for illustrative purpose only, but not in actual dimension
scale and ratio.

[0022] Inthe present invention, the sensing electrode layer
170 is Obtained from patterning the common electrode
(Veom) layer of the prior LCD panel, and the sensing elec-
trode trace layer 150 is disposed on the surface of the black
matrix layer 140 that faces the liquid crystal layer 130. The
sensing electrode layer 170 has a sensing touch pattern struc-
ture patterned thereon, and the electrical signal sensed
thereby is transmitted via the sensing electrode trace layer
150 to a controller (not shown), so as to determine the touch
position. Therefore, there is no need to dispose an extra sens-
ing electrode layer (ITO) on the upper glass substrate orlower
glass substrate of the prior LCD panel, thereby saving the
manufacturing cost, simplifying the assembly procedure and
further improving the panel yield.

[0023] FIG. 3 is a schematic diagram of the sensing elec-
trode layer 170 in accordance with the present invention,
which is viewed from the first substrate 110 to the second
substrate 120, i.e. from the upper substrate to the lower sub-
strate of the prior LCD panel. As shown in FIG. 3, the sensing
electrode layer 170 is converted from a common electrode
(Vecom) layer. That is, the sensing electrode layer 170 is
composed of a plurality of transparent sensing electrodes 310
obtained from patterning the common electrode (Vcom)
layer.

[0024] The sensing electrode trace layer 150 is disposed on
a surface of the black matrix layer 140 that faces the liquid
crystal layer 130. The sensing electrode trace layer 150 is
composed of a plurality of trace conductor lines 330. The
plurality of trace conductor lines 330 are disposed at positions

Mar. 20, 2014

corresponding to the positions ofthe plurality of opaque lines
250 of the black matrix layer 140.

[0025] The insulation layer 160 is disposed on a surface of
the sensing electrode trace layer 150 that faces the liquid
crystal layer 130. As shown by the oval “A” in FIG. 1, insu-
lation material is filled in the portion of the insulation layer
160 where there is no trace conductor line 330 corresponding
thereto. Further, as shown by the oval “B” in FIG. 1, insula-
tion material is filled in the portion of the insulation layer 160
where there is trace conductor line 330 corresponding thereto
if there is no need to connect the sensing electrode layer 170
with the trace conductor line 330. Yet further, as shown by the
oval “C”in FIG. 1, indium tin oxide (ITO) or other conductive
material, such as aluminum, barium and chromium, is filled in
the portion of the insulation layer 160 where there is trace
conductor line 330 corresponding thereto, to make an elec-
trical connection of the sensing electrode layer 170 and the
trace conductor line 330. Still further, as shown by the oval
“D” in FIG. 1, insulation material filled therein has to allow
light pass through and thus the insulation material is preferred
to be transparent.

[0026] As shown in FIG. 3, the plurality of transparent
sensing electrodes 310 of the sensing electrode layer 170 are
arranged in a first direction (X-direction) and a second direc-
tion (Y-direction), wherein the first direction is substantially
vertical with the second direction. The plurality of transparent
sensing electrodes 310 of the sensing electrode layer 170 are
made of conductive indium tin oxide (ITO).

[0027] The plurality of transparent sensing electrodes 310
are N quadrilateral regions 310-1, 310-2, 310-3, . . ., 310-N
and any two quadrilateral regions are not electrically con-
nected with each other, so as to form a single-layered sensing
touch pattern on the sensing electrode layer 170, where N is
aninteger greater than one. The quadrilateral region is formed
in a rectangle, square, or rhombus shape.

[0028] It is to be understood that the touch sensing elec-
trodes 310 are not limited to that illustrated herein, but can be
a diagonal, circular, radial, and like arrangements according
to the needs of the touch display panel.

[0029] Each transparent sensing electrode 310 is connected
with at least one trace conductor line 330. The trace conductor
lines 330 that are connected with different transparent sens-
ing electrode 310 are not connected with each other. In this
embodiment, the plurality of trace conductor lines 330 of the
sensing electrode trace layer 150 include N trace conductor
lines 330-1, 330-2, 330-3, . . ., 330-N, which are made of
conductive metal material or alloy material. The conductive
metal material can be chromium, barium or aluminum.

[0030] As shown in FIG. 3, the trace conductor line 330,
330-1 is electrically connected with the transparent sensing
electrode 310-1 via ITO or other conductive material, such as
aluminum, barium and chromium, filled therebetween, as
shown by the oval “C” in FIG. 1, When the trace conductor
line 330-1 goes down and passes through the transparent
sensing electrode 310-2, due to the trace conductor line 330-1
and the transparent sensing electrode 310-2 both being con-
ductive, insulation material is arranged between the trace
conductor line 330-1 and the transparent sensing electrode
310-2, as shown by the oval “B” in FIG. 1. The remaining
trace conductor lines 330 and transparent sensing electrodes
310 have the same arrangement and thus a detailed descrip-
tion therefore is deemed unnecessary. It is noted that, for the
purpose of clearly illustrating the trace conductor lines 330
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and the transparent sensing electrodes 310, the insulation
layer 160 is not shown in FIG. 3.

[0031] FIGS. 4(A) to 4(G) illustrate the manufacture pro-
cess of the in-cell touch display panel system using metal
wires to connect with sensing electrodes in accordance with
the present invention. With reference to FIG. 4(A), it first
forms the black matrix layer 140 on the first substrate 110.
With reference to FIG. 4(B), the trace conductor lines 330 of
the sensing electrode trace layer 150 are then formed on the
opaque lines 250 of the black matrix layer 140. With reference
to FIG. 4(C), the color filter layer 180 is subsequently formed
on the black matrix layer 140 and the trace conductor lines
330. With reference to FIG. 4 (D), the insulation layer is then
formed on the color filter layer 180. With reference to FIG.
4(E), the portion of the insulation layer corresponding to the
trace conductor line 330 is removed by etching to leave space
for filling or laying conductive material, as indicated by the
oval “C”. With reference to FIG. 4(F), ITO is employed to
coat the whole layer so as to form the sensing electrode layer
170 and, because there is a removed portion at oval “C”, the
sensing electrode layer 170 is electrically connected with the
trace conductor line 330. With reference to FIG. 4(G), an
etching process is performed on the sensing electrode layer
170, as indicated by the oval “E”, so as to form a plurality of
transparent sensing electrodes 310 on the sensing electrode
layer 170.

[0032] Asshown in FIG. 3, the size of a transparent sensing
electrode 310 is about 5 mm, while the size of a sub-pixel 350
is about 50 to 100 pm. Therefore, one edge of the transparent
sensing electrode 310 may correspond to 50 to 100 sub-
pixels. That is, one edge of the transparent sensing electrode
310 may correspond to as many as one hundred opaque lines
250. In the present invention, the width of the trace conductor
line 330 is slightly smaller than that of the opaque line 250,
and the plurality of trace conductor lines 330 are disposed to
overlap with the opaque lines 250, so that the electrical signal
sensed by the transparent sensing electrode 310 is transmitted
to acontroller (not shown) via the trace conductor lines 330 of
the sensing electrode trace layer 150, thereby determining the
touched position. That is, the transparent sensing electrodes
310 forming the sensing electrode layer 170 also function as
the prior common electrode (Veom) layer. Accordingly, there
is no need to dispose an extra sensing electrode layer on the
upper glass substrate or lower glass substrate of the prior LCD
panel, thereby saving the manufacturing cost, simplifying the
assembly procedure, improving the production yield, increas-
ing the light penetration rate and decreasing the power con-
sumption.

[0033] While displaying pixel data, the controller can
enable the transparent sensing electrodes 310 of the same row
to be electrically connected together, as indicated by the row
370in FIG. 3, so that the transparent sensing electrodes 310 of
the same row are able to form a common electrode (Vcom) as
used in the prior LCD panel.

[0034] The trace conductor lines 330 are made of conduc-
tive metal material or alloy, which has impedance much
smaller than that of the transparent conductive ITO. There-
fore, the line width of the trace conductor line 330 can be
made relatively thin, and thus the trace conductor lines 330
can be disposed below the opaque lines 250 without affecting
the aperture ratio.

[0035] FIG. 5 illustrates the black matrix layer 140, the
sensing electrode layer 170 and the sensing electrode trace
layer 150 in accordance with the present invention, which is
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viewed from the second substrate 120 to the first substrate
110, so that the trace conductor lines are represented by
dotted lines. As shown, it is a schematic diagram of overlap-
ping the black matrix layer 140, the sensing electrode layer
170 and the sensing electrode trace layer 150.

[0036] As shown in FIG. 5, the transparent sensing elec-
trodes 310 are employed to form a single-layered sensing
touch pattern structure on the sensing electrode layer 170.
[0037] The width of the trace conductor line 330 is slightly
smaller than that of the opaque line 250. When viewing from
the first substrate 110 to the second substrate 120, the trace
conductor lines 330 can be sheltered by the opaque lines 250
and thus only the opaque lines 250 can be seen by users while
the trace conductor lines 330 are invisible to users.

[0038] In the prior art, the sensing electrode layer and the
common electrode layer are seperately provided and there is
a distance therebetween. When performing touch sensing
with the transparent sensing electrode layer, the capacitance
between a finger and the transparent sensing electrode layer is
much smaller than that between the transparent sensing elec-
trode layer and the common electrode layer. Therefore, the
capacitance between the transparent sensing electrode layer
and a finger is likely to be influenced by the capacitance
between the transparent sensing electrode layer and the com-
mon electrode layer, resulting in decreasing the accuracy of
touch sensing. In the present invention, the sensing electrode
layer 170 also functions as the common voltage layer and thus
there is no capacitance formed when performing touch sens-
ing with the transparent sensing electrode layer as the com-
mon voltage layer is replaced by the transparent sensing
electrodes 310, so that the capacitance between the transpar-
ent sensing electrode 310 and a finger will not be influenced,
thereby increasing the accuracy of touch sensing.

[0039] The color filter layer 180 is disposed on a surface of
the black matrix layer 140 that faces the liquid crystal layer
130.

[0040] The thin film transistor layer 190 is disposed on a
surface of the second substrate 120 that faces the liquid crys-
tal layer 130. The thin film transistor layer 190 is composed of
thin film transistors 192 and transparent electrodes 191.

[0041] The first polarizer layer 200 is disposed on one
surface of the first substrate 110 opposite to the other surface
of the first substrate 110 facing the liquid crystal layer 130.

[0042] The second polarizer layer 210 is disposed on one
surface of the second substrate 120 opposite to the surface of
the second substrate 120 facing the liquid crystal layer 130.

[0043] Inview ofthe foregoing, it is known that the present
invention is capable of forming a single-layered touch pattern
on the sensing electrode layer 170, which has the advantage of
not requiring to arrange an additional transparent conductive
layer as a sensing electrode layer on the upper glass substrate
or lower glass substrate of the LCD panel, thereby lowering
the cost and decreasing the number of manufacturing steps.
Furthermore, because the sensing electrode layer 170 also
plays as the common voltage layer, the capacitance between
the transparent sensing electrode 310 and a finger will not be
influenced when performing touch sensing with the transpar-
ent sensing electrode layer as the common voltage layer is
transferred to the transparent sensing electrodes 310, so that
the accuracy of touch sensing can be significantly increased.
[0044] Although the present invention has been explained
in relation to its preferred embodiment, it is to be understood
that many other possible modifications and variations can be
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made without departing from the spirit and scope of the
invention as hereinafter claimed.

What is claimed is:

1. An in-cell touch display panel system using metal wires

to connect with sensing electrodes, comprising:

a first substrate;

a second substrate parallel to the first substrate;

aliquid crystal layer configured between the first substrate
and the second substrates;

a black matrix layer disposed on one surface of the first
substrate facing the liquid crystal layer, the black matrix
layer being composed of a plurality of opaque lines;

a sensing electrode trace layer disposed on one surface of
the black matrix layer facing the liquid crystal layer, the
sensing electrode trace layer being composed of a plu-
rality of trace conductor lines;

an insulation layer disposed on one surface of the sensing
electrode trace layer facing the liquid crystal layer; and

a sensing electrode layer disposed on one surface of the
insulation layer facing the liquid crystal layer, the sens-
ing electrode layer being composed of a plurality of
transparent sensing electrodes obtained from patterning
a common voltage layer,

wherein

each transparent sensing electrode is connected with at
least one trace conductor line, and the plurality of trace
conductor lines are disposed corresponding to positions
of the plurality of opaque lines of the black matrix layer.

2. The in-cell touch display panel system using metal wires

to connect with sensing electrodes as claimed in claim 1,
wherein the plurality of transparent sensing electrodes are N
quadrilateral regions and any two quadrilateral regions are
not electrically connected with each other on the sensing
electrode layer, so as to form a single-layered sensing touch
pattern on the sensing electrode layer, where N is an integer
greater than one.

3. The in-cell touch display panel system using metal wires

to connect with sensing electrodes as claimed in claim 2,
wherein the trace conductor lines connecting with different
transparent sensing electrode are not connected with each
other.
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4. The in-cell touch display panel system using metal wires
to connect with sensing electrodes as claimed in claim 3,
wherein the plurality of transparent sensing electrodes of the
sensing electrode layer are arranged in a first direction and a
second direction.

5. The in-cell touch display panel system using metal wires
to connect with sensing electrodes as claimed in claim 4,
wherein the first direction is substantially vertical with the
second direction.

6. The in-cell touch display panel system using metal wires
to connect with sensing electrodes as claimed in claim 5,
further comprising:

a color filter layer disposed on a surface of the black matrix
layer facing the liquid crystal layer;

7. The in-cell, touch display panel system using metal
wires to connect with sensing electrodes as claimed in claim
6, further comprising:

a thin film transistor layer disposed on one surface of the

second substrate facing the liquid crystal layer.

8. The in-cell touch display panel system using metal wires
to connect with sensing electrodes as claimed in claim 7,
wherein the quadrilateral region is formed in a rectangle,
square, or rhombus shape.

9. The in-cell touch display panel system using metal wires
to connect with sensing electrodes as claimed in claim 8,
wherein the plurality of trace conductor line of the sensing
electrode trace layer are made of conductive metal material or
alloy material.

10. The in-cell touch display panel system using metal
wires to connect with sensing electrodes as claimed in claim
9, wherein the conductive metal material is chromium,
barium or aluminum.

11. The in-cell touch display panel system using metal
wires to connect with sensing electrodes as claimed in claim
10, wherein the plurality of transparent sensing electrodes of
the sensing electrode layer are made of conductive indium tin
oxide (ITO).
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