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first substrate, aliquid crystal layer disposed between the first
substrate and the second substrate, a first sensing line and a
second sensing line disposed on the second substrate, a first
conductive layer and a second conductive layer electrically
connected to the first sensing line and the second sensing line,
respectively, and electrically isolated from each other by a
gap existing therebetween. The in-cell touch-sensitive LCD
device further includes a spacer disposed on the first substrate
and corresponding to the gap. The spacer is electrically con-
nected to the first conductive layer and the second conductive
layer in response to an external pressure.
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TOUCH-SENSITIVE LIQUID CRYSTAL
DISPLAY DEVICE

BACKGROUND OF THE DISCLOSURE

[0001] 1. Field of the Disclosure

[0002] The present disclosure relates to a touch-sensitive
liquid crystal display (LCD) device, and particularly relates
to a in-cell touch-sensitive LCD device.

[0003] 2. Description of Related Art

[0004] In a variety of consumer electronics products such
as personal digital assistant (PDA), mobile phone, palm-sized
PC, global positioning address(GPA) and information appli-
ance, the touch panels disposed on the display planes have
been introduced as input devices in replacement of conven-
tional keyboards or mice, so that the user can use a finger or a
stylus to perform an interactive input operation according to
the picture or the scripts. The touch-sensitive type panels have
gradually become one of the key components due to the
advantages of the requirements of light weight, thinness,
shortness, and smallness on product design, improving the
man-machine interface friendly, and increasing the input
operation effect.

[0005] Referring to FIG. 1, herein, FIG. 1 is a cross-sec-
tional view illustrating a conventional touch-sensitive LCD
device. The conventional touch-sensitive LCD device
includes a LCD panel 110 and a touch-sensitive panel 120,
wherein the sensing method of the touch-sensitive panel 120
includes resistance type, capacitance type, electromagnetism
type, acoustic-wave type or infrared rays type. As shown in
FIG. 1, the touch panel 120 includes a upper substrate 122, a
lower substrate 124 and transparent conductive layers 126,
128 respectively formed in the opposite surfaces of the upper
substrate 122 and the lower substrate 124, and a spacer 130 is
further disposed on the transparent conductive layer 128 dis-
posed on the lower substrate 124 for supporting. When the
upper substrate 122 of touch panel 120 is pressed by an
external pressure, the upper substrate 122 generates a par-
tially bending deformation so that the transparent conductive
layer 126 disposed on the upper substrate 122 is electrically
connected to the transparent conductive layer 128 disposed
on the lower substrate 124, thereby a signal is generated and
transmitted to the reading circuit externally connected thereto
for determining the touch-sensing positions.

[0006] Those skilled in the art of the present disclosure
should know that after the LCD panel 110 and the touch-
sensitive panel 120 are formed respectively, as shown in FIG.
1, an adhesive layer is used to stack and adhere the LCD panel
110 and the touch-sensitive panel 120. The existence of all of
the layers include the upper substrate 122, the lower substrate
124, the transparent conductive layers 126, 128 and so forth
of the touch-sensitive panel 120 and the adhesive layer 102
increase the overall thickness and weight of the touch-sensi-
tive LCD device 100. Furthermore, since the materials and the
structures of the touch-sensitive panel 120 are limited, the
thickness of the overall touch-sensitive LCD device 100 is
hard to reduce. In addition, touch-sensitive panel 120 and the
adhesive layer 102 further reduce the light transmittance rate
of the touch-sensitive LCD device 100. Namely, the display
effect of the touch-sensitive LCD device 100 is reduced.

SUMMARY OF THE DISCLOSURE

[0007] In view of the foregoing, the present disclosure is
directed to an in-cell touch-sensitive LCD device accord with
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the lightness and slimness tendency of products and the
requirement of superior display effect.

[0008] According to the claims of the present disclosure, a
embodiment of the present disclosure discloses a in-cell
touch-sensitive LCD device, which includes a first substrate,
a second substrate opposite to the first substrate, a liquid
crystal layer disposed between the first substrate and the
second substrate, a first sensing line and a second sensing line
disposed on the surface of the second substrate near the liquid
crystal layer, a first conductive layer and a second conductive
layer electrically connected to the first sensing line and the
second sensing line, respectively, and electrically isolated
from each other by a gap existing therebetween. The in-cell
touch-sensitive LCD device further includes a spacer dis-
posed on the first substrate and corresponding to the gap. The
spacer 1s electrically connected to the first conductive layer
and the second conductive layer in response to an external
pressure.

[0009] According to the in-cell touch-sensitive LCD device
provided in the present disclosure, the spacer is electrically
connected to the first conductive layer and the second con-
ductive layer which are electrically isolated from each other
by the gap existing therebetween, originally, so that the touch-
sensitive signal can be transmitted from the first sensing line
to the second sensing line via the first conductive layer, the
spacer and the second conductive, and then the touch-sensi-
tive signal can be transmitted to the reading circuit to deter-
mine the touch-sensing positions by the reading circuit exter-
nally connected thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings are included to pro-
vide a further understanding of the disclosure, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the disclosure and,
together with the description, serve to explain the principles
of the disclosure.

[0011] FIG. 1 is a cross-sectional view illustrating a con-
ventional touch-sensitive LCD device.

[0012] FIG. 2isa schematic view of a touch-sensitive LCD
device according to a specific embodiment of the present
disclosure.

[0013] FIG. 3is schematic cross-sectional views ofa in-cell
touch-sensitive LCD device in FIG. 2 taken along a lines
A-A'

[0014] FIG. 4 is schematic view of operating state of the
in-cell touch-sensitive LCD device in FIG. 3.

[0015] FIG. 5 illustrates a different variation of the in-cell
touch-sensitive LCD device in the specific embodiment of the
present disclosure.

[0016] FIG. 6 is a view showing the operation principle of
the in-cell touch-sensitive LCD device in the specific embodi-
ment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0017] Referring to FIGS. 2-5, herein FIG. 2 is a schematic
view of a in-cell touch-sensitive LCD device according to a
specific embodiment of the present disclosure; FIG. 3 is sche-
matic cross-sectional views of a in-cell touch-sensitive LCD
device in FIG. 2 taken along a lines A-A'"; FIG. 4 is schematic
view of operating state of the in-cell touch-sensitive LCD
device in FIG. 3; and FIG. 5illustrates a different variation of
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the in-cell touch-sensitive LCD device in the specific embodi-
ment of the present disclosure.

[0018] First, referring to FIG. 3, a in-cell touch-sensitive
LCD device 200 provided in the present embodiment
includes a first substrate 202, a second substrate 204 opposite
to the first substrate 202, a liquid crystal layer 206 disposed
between the first substrate 202 and the second substrate 204.
The first substrate 202 is a transparent and flexible substrate,
and a color filter layer 208, a light-shielding layer 210 such as
ablack matrix, a overcoat passivation layer (not shown in the
figure) selectively, a spacer 212, a common electrode 214 and
a third conductive layer 215 are disposed on a surface of the
first substrate 202 near the liquid crystal layer 206. The third
conductive layer 215 and the common electrode 214 can be
formed at the same time and made of the same conductive
material, but electrically isolated from each other.

[0019] The color filter layer 208 generally includes red,
green, blue and so forth for realizing the different color dis-
play. The common electrode 214 includes a transparent con-
ductive material, such as indium tin oxide (ITO) or indium
zine oxide (1Z0), forexample. The common electrode 214, as
shown in FIG. 3, covers each layer disposed on the first
substrate 202, such as the light-shielding layer 210 and the
color filter layer 208, and the common electrode 214 contacts
with theliquid crystal layer 206. The spacer 212 in the present
disclosure is a photo spacer. Thereby, the third conductive
layer 215 covers the spacer 212. Namely, the third conductive
layer 215 is disposed between the spacer 212 and the liquid
crystal layer 206. In addition, the spacer 212 is not limited in
a conductive spacer. When the spacer 212 is a conductive
spacer, as shown in FIG. 5, the conductive spacer 212a is
disposed between the third conductive layer 215 and the
liquid crystal layer 206.

[0020] Next, referring to both FIG. 2 and FIG. 3. A plurality
of thin film transistors (TFTs) 220, a plurality of sensing lines
230, aplurality of second sensing lines 232, a plurality of data
lines 234 and a plurality pixel electrodes 236 are disposed on
the second substrate 204. Each TFT 220 further includes a
gate 222, asource 224 and a drain 226. The sources 224 of the
TFTs 220 are electrically connected to the corresponding data
lines 234, and the drains 226 are electrically connected to the
corresponding pixel electrodes 236. It is noted that, in a
present embodiment, the first sensing lines 230 are scan lines,
and the scan lines/first sensing lines 230 are electrically con-
nected to the corresponding gate 222, and the scan lines /first
sensing lines 230 and the gate 222 are formed in the same
fabrication process. Thereby, the scan lines/first sensing lines
230 and the gate 222 are made of the same conductive mate-
rial and co-planar.

[0021] Thesecond sensing lines 232, the datalines 234, the
sources 224 and the drains 226 are formed in the same fabri-
cation process. Therefore, the sources 224, the drains 226, the
second sensing lines 232 and the data lines 234 are made of
the same conductive material and co-planar. Because the
fabrication steps are well known to those skilled in the art
therefore will not be described herein. Furthermore, as shown
in FIG. 2, the data lines 234 are parallel to and electrically
isolated from the second sensing lines 232. The data lines 234
are vertically disposed and interlaced with the scan lines/first
sensing lines 230. Therefore, the first sensing lines 230 are
perpendicular to and interlaced with the second sensing lines
232.

[0022] As mentioned above, since the first sensing lines
230 and the gate 222 are formed at the same time, and the
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second sensing lines 232, the data lines 234, the sources 224
and the drains 226 are formed at the same time, the first
sensing lines 230 and the second sensing lines 232 are elec-
trically isolated from each other by an insulating layer 238
disposed therebetween. Namely, the first sensing lines 230
and the second sensing lines 232 are disposed on different
planes.

[0023] Next, referring to FIG. 3, a single sensing unit is
taken as examples. An over coating layer 240 is disposed on
the second substrate 204, and the over coating layer 240
includes a opening 242 corresponding to the first sensing line
230 and a opening 244 corresponding to the second sensing
lines 232. The second substrate 204 further includes a first
conductive layer 250 and a second conductive layer 252.
Herein, the first conducive layer 250 and the second conduc-
tive layer 252 can be formed with the pixel electrodes 236 at
the same fabrication process. Therefore, the first conducive
layer 250, the second conductive layer 252 and the pixel
electrodes 236 are made of the same transparent conductive
material, such as ITO or IZO, for example.

[0024] The first conductive layer 250 is electrically con-
nected to the first sensing lines 230 by the opening 242, and
the second conducive layer 252 is electrically connected to
the second sensing lines 232 by the opening 244. It should be
noted that the first conductive layer 250 and the second con-
ductive layer 252, as shown in FIG. 3, are electrically isolated
from each other by a gap 254 existing therebetween, and the
spacer 212 disposed on the first substrate 202 is correspond-
ing to the gap 254. A thickness of the spacer 212 is less than
a distance from the third conductive layer 215 to the first
conductive layer 250 and the second conductive layer 252.
Namely, a gap d exists between a bottom of the third conduc-
tive layer 215 covering the spacer 212 and tops of the first
conductive layer 250 and the second conductive layer 252 in
the state without external force.

[0025] Referring to FIG. 4. The gap d between the spacer
212 and the first conductive layer 250 and the second con-
ductive layer 252 will be disappeared while a external force is
exerted on the first substrate 202 and the flexible first sub-
strate 202 generates a partially downward reversible defor-
mation due to the external force. In other words, the third
conductive layer 215 is electrically connected to the first
conductive layer 250 and the second conductive layer 252 by
the spacer 212 in response to the external pressures, as shown
in FIG. 4.

[0026] Next, referring to both FIG. 4 and FIG. 6, herein,
FIG. 6 is a view showing the operation principle of the in-cell
touch-sensitive LCD device in the specific embodiment of the
present disclosure. As shown in FIG. 6, each second sensing
lines 232 is electrically connected to a second reading circuit
262, and each first sensing lines 230 can be electrically con-
nected to a first reading circuit 260, alternatively. As men-
tioned above, the first sensing lines 230 in the specific
embodiment are the scan lines of the touch-sensitive LCD
device. Therefore, each first sensing line 230 is electrically
connected to a gate driving circuit (not shown in the figure)
and obtains a turn-on voltage in order by the gate driving
circuit.

[0027] When the external pressure as shown in FIG. 4 is
exerted on the first substrate 202 to make the first conductive
layer 250, the third conductive layer 215 covering the spacer
212 and the second conductive layer 252 electrically con-
nected to one another, the turn-on voltage of the first sensing
lines 230 obtained form the gate driving circuit will be trans-
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mitted to the second sensing lines 232 by the first conductive
layer 250, the third conductive layer 215 covering the spacer
212 and the second sensing lines 232, and then the turn-on
voltage is transmitted to the second reading circuit 262 to
generate the X-direction touch-sensitive signal.

[0028] On the other hand, each first sensing line 230 dis-
posed in parallel to the X-direction and each second sensing
line 232 disposed in parallel to the Y-direction are allocated in
couples and in an interlacing manner with respect to each
other to define a sub-pixel unit, and the scan lines scan each
rows sequentially. Therefore, when the second reading circuit
262 obtains the X-direction touch-sensitive signal, it can get
to know which one of'the first sensing line 230 and which one
of the second sensing lines 232 are electrically connected to
each other according to the timing of receiving signal to make
voltage transmit to the second reading circuit 262 from the
second sensing lines 232, and then the Y-direction touch-
sensitive signal can be obtained. However, since the above-
mentioned method for determining is obtained according to
different signal decoding circuit designs, and the present dis-
closure is not limited thereto.

[0029] According to the in-cell touch-sensitive LCD device
provided in the present disclosure, the spacer itselfor the third
conductive layer covering the spacer is electrically connected
to the first conductive layer and the second conductive layer
which are electrically isolated from each other by the gap
existing therebetween, originally, so that the touch-sensitive
signal can be transmitted from the first sensing lines to the
second sensing lines via the first conductive layer, the third
conductive layer covering the spacer and the second conduc-
tive layer, and then the touch-sensitive signal can be trans-
mitted to the reading circuit to determine the touch-sensing
positions by the reading circuit externally connected thereto.
The in-cell touch-sensitive LCD device provided in the
present disclosure can not only be employed the TFT sub-
strate, but also can be employed the color filter on array
(COA). Furthermore, the in-cell touch-sensitive LCD pro-
vided in the present disclosure can attain the function of
in-cell touch-sensitive LCD device by using the spacer and
the first conductive layer and the second conductive layer.
Namely, the present disclosure achieves the purpose which is
integrated the touch panel and the display panel not only can
reduce a thickness of the LCD device, but also can not loss of
the brightness of the LCD device.

[0030] Although the disclosure has been described with
reference to the above embodiments, it will be apparent to one
of the ordinary skill in the art that modifications to the
described embodiment may be made without departing from
the spirit of the disclosure. Accordingly, the scope of the
disclosure will be defined by the attached claims not by the
above detailed descriptions.

What is claimed is:

1. A in-cell touch-sensitive liquid crystal display (LCD)

device, comprising:

a first substrate;

a second substrate opposite to the first substrate;

a liquid crystal layer disposed between the first substrate
and the second substrate;

a first sensing line and a second sensing line disposed on a
surface of the second substrate near the liquid crystal
layer;

a first conductive layer and a second conductive layer elec-
trically connected to the first sensing line and the second
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sensing line, respectively, and the first conductive layer
and the second conductive layer electrically isolated
from each other by a gap existing therebetween; and

a spacer disposed on the first substrate and corresponding
to the gap.
2. The in-cell touch-sensitive LCD device as claimed in
claim 1, wherein the first sensing line is a scan line.

3. The in-cell touch-sensitive LCD device as claimed in
claim 2, wherein the second substrate further comprises a data
line.

4. The in-cell touch-sensitive LCD device as claimed in
claim 3, wherein the data line and the second sensing line are
made of the same conductive material and co-planar.

5. The in-cell touch-sensitive LCD device as claimed in
claim 4, wherein the data line is parallel to and electrically
isolated from the second sensing line.

6. The in-cell touch-sensitive LCD device as claimed in
claim 5, wherein the first sensing line is perpendicular to the
second sensing line.

7. The in-cell touch-sensitive LCD device as claimed in
claim 1, wherein the second substrate further comprises a
pixel electrode.

8. The in-cell touch-sensitive LCD device as claimed in
claim 7, wherein the pixel electrode, the first conductive layer
and the second conductive layer are made of the same con-
ductive material.

9. The in-cell touch-sensitive LCD device as claimed in
claim 1, further comprising a reading circuit, electrically
connected to the second sensing line.

10. The in-cell touch-sensitive LCD device as claimed in
claim 1,wherein the first substrate further comprises a com-
mon electrode and a third conductive layer, and the common
electrode is electrically isolated from the third conductive
layer.

11. The in-cell touch-sensitive LCD device as claimed in
claim 10, wherein the third conductive layer and the common
electrode are made of the same material.

12. The in-cell touch-sensitive LCD device as claimed in
claim 10, wherein the spacer is a conductive spacer.

13. The in-cell touch-sensitive LCD device as claimed in
claim 12, wherein the third conductive layer and the common
electrode are co-planar and the conductive spacer is disposed
between the third conductive and the liquid crystal layer.

14. The in-cell touch-sensitive LCD device as claimed in
claim 10, wherein the spacer is a photo spacer.

15. The in-cell touch-sensitive LCD device as claimed in
claim 14, wherein the third conductive layer is disposed
between the photo spacer and the liquid crystal layer.

16. The in-cell touch-sensitive LCD device as claimed in
claim 15, wherein a height of the photo spacer is less than a
distance from the third conductive layer to the first conductive
layer and the second conductive layer.

17. The in-cell touch-sensitive LCD device as claimed in
claim 16, wherein the photo spacer moves toward the second
substrate in response to a external pressure so as to make the
third conductive layer electrically connected to the first con-
ductive layer and the second conductive layer.
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