US 20120092577A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2012/0092577 Al

SHI et al. (43) Pub. Date: Apr. 19, 2012
(54) ELECTROMAGNETIC INDUCTION TYPE LC (30) Foreign Application Priority Data
PANEL AND METHOD FOR
MANUFACTURING THE SAME AND LCD Jun. 19, 2009 (CN) .o 200910087391 .4
DEVICE Publication Classification
(75) Inventors: XUANMING SHI, Shenzhen (CN); (51) Int.ClL
FUYOU LI, Shenzhen (CN); GO2F 1/136 (2006.01)
JIANGLI WEL Shenzhen (CN) GO2F 1/133 (2006.01)
. H01J 920 (2006.01)
(73)  Assignee:  TAIGUEN TECHNOLOGY (52) US.CL oo 349/43; 445/24; 349/19
(SHEN_ZHEN) CO., LTD.,
Shenzhen (CN) (7) ABSTRACT
] An electromagnetic induction type LC panel includes a first
(21)  Appl. No.: 13/329,206 substrate and a second substrate facing each other, a liquid
(22) Filed: Dec. 16. 2011 crystal layer (63) filled between the first substrate and the
’ R second substrate, an antenna array made of conductive mate-
o rial, which is formed between a first base substrate (11) and a
Related U.S. Application Data second base substrate (21) and insulated from conductive
(63) Continuation of application No. PCT/CN2010/ material in multi-film structures, and an input identification

30— z

073756, filed on Jun. 10, 2010.

122 51

e

circuit connected to an output terminal of the antenna array.

121

ATATA) I cracTucy,
T . ----- !
» )




Patent Application Publication  Apr. 19,2012 Sheet 1 of 10 US 2012/0092577 Al

122 51 121

Fig. 2



Patent Application Publication  Apr. 19,2012 Sheet 2 of 10 US 2012/0092577 Al

121

30—

11\—4——

12

14
61 63

7

23 e

Fig. 3

122 121

—
—
7

S T i

14
24
o
22‘—”_ mmmmm&ﬂ'_L_-ii b
2] ~—
40 ~—T \\
53 52 51



Patent Application Publication  Apr. 19,2012 Sheet 3 of 10 US 2012/0092577 Al

122

I T O O A

Fig. 5
122 5 51 5 g 2
30 VA - /
11—+ [
12
]3 CECTTETTTTrY TECCTTTTTTTN
14
15~ ,
02 01 63
24
235—""‘ =
2 2 — ‘.,1(:_’...... ..... 3

Fig. 6



Patent Application Publication  Apr. 19,2012 Sheet 4 of 10 US 2012/0092577 Al

122 121

122 121

54 52 53 51

Fig. 8



Patent Application Publication  Apr. 19,2012 Sheet 5 of 10 US 2012/0092577 Al

a transparent conductive film is deposited on
the first base substrate

i

the transparent conductive film is etched by
a patterning process to form a pattern of the T—— 902
first-direction conductive wire

!

the color resin and the black matrix layer is
formed on the first base substrate

$

the first protection layer is coated on the color
resin and black matrix layer

$

the common electrode layer is deposited on
the first protection layer

i

the orientation film material is deposited on
the common electrode layer, and orientation T—— 906
grooves are formed on the orientation film
material to form the first orientation film
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Fig. 9
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the color resin and the black matrix layer is
formed on the first base substrate

i

the first protection layer is coated on the color
resin and black matrix layer

i

a transparent conductive film is deposited on
A ——
the first protection layer 1003

'

the transparent conductive film is etched by
a patterning process to form a pattern of the +—__ 1004
first-direction conductive wire

!

a first insulating transparent film is formed
on the first base substrate on which the first- —~— 1005
direction conductive wire is formed

Y

the common electrode layer is deposited on
the first insulating transparent film

i

the orientation film material is deposited on
the common electrode layer, and orientation ]
grooves are formed on the orientation film
material to form the first orientation film
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the color resin and black matrix layer is
formed on the first base substrate

'

the first protection layer is coated on the color
resin and black matrix layer

'

the common electrode layer is deposited on
the first protection layer 1103

'

the first insulating transparent film is formed
on the common electrode layer

'

the transparent conductive film is deposited
on the first insulating transparent film

¢

the transparent conductive film is etched by a
patterning process to form a pattern of the [—— 1106
first-direction conductive wire

Y

the orientation film material is deposited on
the first base substrate, and orientation 1T —
grooves are formed on the orientation film
material to form the first orientation film
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a transparent conductive film is deposited on |
the second base substrate

i

the transparent conductive film is etched by a
patterning process to form a pattern of the [~—~— 1202
second-direction conductive wire

Y

a third insulafing transparent film is formed
on the second base substrate on which the [—— 1203
second-direction conductive wire is formed

—— 1201

the patterns of the thin-film transistor driving
array film are respectively formed on the T—~— 1204
second base substrate

Y

the second protection layer is coated on the
thin-film transistor driving array film

'

the orientation film material is deposited on
the second protection layer, and orientation T—— 1206
grooves are formed on the orientation film
material to form the second orientation film

Fig. 12
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the patterns of the thin-film transistor driving
array film are respectively formed on the [—— 1301
second base substrate

'

a third insulating transparent film is formed
on the thin-film transistor driving array film

i

a transparent conductive film is deposited on
the third insulating transparent film 1303

i

the transparent conductive film is etched by a
patterning process to form a pattern of the T——
second-direction conductive wire

Y

the second protection layer is coated on the
abovementioned second base substrate

i

the orientation film material is deposited on
the second protection layer, and orientation T™—— 1306
grooves are formed on the orientation film

material to form the second orientation film

—— 1302
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Fig. 13
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the patterns of the thin-film transistor driving
array film are respectively formed on the [~— 1401
second base substrate

'

the second protection layer is coated on the
thin-film transistor driving array film of the [—— 1402
abovementioned second base substrate

'

a transparent conductive film is deposited on
the second protection layer 1403

i

the transparent conductive film is etched by a
patterning process to form the pattern of the —~—— 1404
second-direction conductive wire

'

the orientation film material is deposited on
the second base substrate, and orientation T—— 1405
grooves are formed on the orientation film
material to form the second orientation film

Fig. 14
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ELECTROMAGNETIC INDUCTION TYPE LC
PANEL AND METHOD FOR
MANUFACTURING THE SAME AND LCD
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/CN2010/073756 filed on Jun. 10,2010,
which claims the priority benefit of Chinese Patent Applica-
tion No. 200910087391 .4, filed on Jun, 19, 2009. The con-
tents of the above identified applications are incorporated
herein by reference in their entirety.

FIELD OF THE TECHNOLOGY

[0002] The present invention relates to a handwriting input
technique, particularly to an electromagnetic induction type
liquid crystal display (LCD) panel with a handwriting input
function and a method for manufacturing the same and an
LCD device.

BACKGROUND

[0003] With the development of an input technique and a
display technique, the combination of'a common LCD device
and a handwriting input device is a development trend meet-
ing the market requirements.

[0004] In the prior art, the technical solutions which facili-
tatethe LCD device to have a handwriting input function have
the following forms. Firstly, according to realization prin-
ciples, the handwriting input can be divided into a resistance
type, a capacitance type and an electromagnetic induction
type. The resistance type handwriting input device and the
capacitance type handwriting input device can receive input
signals by identifying touch actions. Generally, an indepen-
dent resistance type handwriting input board or an indepen-
dent capacitance type handwriting input board is assembled
on the front side of the LCD device, i.e., on the side of the
LCD device orientated towards the viewet, so as to receive the
touch input actions. An electromagnetic induction type hand-
writing board identifies an input position through receiving
an electromagnetic signal of an electromagnetic induction
pen. Generally, the electromagnetic induction type handwrit-
ing board is also assembled on the front side of or the back
side of the LCD device as one independent device, for
example, it is assembled on the back side of a backlight
module.

[0005] The above technical solutions for realizing the
handwriting input function of the LCD device have the fol-
lowing defects. The thickness of the LCD device is increased
due to the handwriting input board being as one independent
device, which does not conform to the light and thin devel-
opment trend of the LCD device. When assembled, the hand-
writing input board and the LCD device have the problems of
unstable and unreliable assembly, thus causing input accu-
racy to be decreased. As for the electromagnetic induction
type handwriting input board, when it is assembled on the
back side of the LCD device, the thicknesses of an LC panel
and the backlight module between the input board and the
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electromagnetic induction pen influence the identification of
the electromagnetic sighals and decreases input accuracy.

SUMMARY

[0006] Itis an object of the present invention to provide an
electromagnetic induction type LC panel and a method for
manufacturing the same and an LCD device, 50 as to improve
the accuracy and the reliability of LCD device handwriting
input, and meet the light and thin development requirements
of the LCD device.

[0007] One aspect of the present invention provides an
electromagnetic induction type LC panel, comprising a first
substrate and a second substrate facing each other, and a
liquid crystal layer filled between the first substrate and the
second substrate; the first substrate and the second substrate
respectively comprise a first base substrate and a second base
substrate as well as multi-film structures respectively formed
on the first base substrate and the second base substrate,
wherein:

[0008] the LC panel further comprises an antenna array,
which is made of conductive material, formed between the
first base substrate and the second base substrate, insulated
from conductive material in the multi-film structures and used
for identifying an electromagnetic signal.

[0009] Another aspect of the present invention provides a
method for manufacturing an LCD substrate, comprising a
step of forming a multi-film structure on a base substrate layer
by layer, wherein before any one film is formed on the base
substrate, the method further comprises:

[0010] forming an antenna array, which is made of conduc-
tive material and used for identifying an electromagnetic
signal, and the antenna array is insulated from conductive
material in the multi-film structure.

[0011] Another aspect of the present invention provides an
LCD device adopting the electromagnetic induction type LC
panel of the present invention, and the LCD device also com-
prises a backlight module and a frame, wherein the LCD
device further comprises an input identification circuit con-
nected with an output terminal of the antenna array.

[0012] With the abovementioned technical solutions, the
antenna array is integrated in the LC panel in the present
invention, thereby facilitating the LCD device to have an
electromagnetic induction identification handwriting input
function. Furthermore, as the antenna array is integrated in
the LC panel, the thickness of the LCD device is hardly
increased, thereby meeting the light and thin requirements of
the LCD device and reducing the assembly cost. The antenna
array is integrated in the LCD device, thus the identification
accuracy and reliability of the antenna array are also
increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1isalocal cross-sectional structural schematic
diagram of an electromagnetic induction type LC panel pro-
vided in Example 1 of the present invention.

[0014] FIG. 2 is a cross-sectional structural schematic dia-
gram of Embodiment 1 of an electromagnetic induction type
LC panel provided in Example 2 of the present invention.
[0015] FIG. 3 is a cross-sectional structural schematic dia-
gram of Embodiment 2 of the electromagnetic induction type
LC panel provided in Example 2 of the present invention.
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[0016] FIG. 4 is a cross-sectional structural schematic dia-
gram of Embodiment 3 of the electromagnetic induction type
LC panel provided in Example 2 of the present invention.
[0017] FIG. S is a cross-sectional structural schematic dia-
gram of Embodiment 1 of an electromagnetic induction type
LC panel provided in Example 3 of the present invention.
[0018] FIG. 6 is a cross-sectional structural schematic dia-
gram of Embodiment 2 of the electromagnetic induction type
LC panel provided in Example 3 of the present invention.
[0019] FIG. 7 is a cross-sectional structural schematic dia-
gram of Embodiment 3 of the electromagnetic induction type
LC panel provided in Example 3 of the present invention.
[0020] FIG. 8 is a cross-sectional structural schematic dia-
gram of Embodiment 4 of the electromagnetic induction type
LC panel provided in Example 3 of the present invention.
[0021] FIG.9is a flow diagram of a manufacturing method
of a color-film substrate provided in Example 4 of the present
invention.

[0022] FIG. 10 is a flow diagram of a manufacturing
method of a color-film substrate provided in Example 5 of the
present invention.

[0023] FIG. 11 is a flow diagram of a manufacturing
method of a color-film substrate provided in Example 6 of the
present invention.

[0024] FIG. 12 is a flow diagram of a manufacturing
method of an array substrate provided in Example 7 of the
present invention.

[0025] FIG. 13 is a flow diagram of a manufacturing
method of an array substrate provided in Example 8 of the
present invention.

[0026] FIG. 14 is a flow diagram of a manufacturing
method of an array substrate provided in Example 9 of the
present invention.

DETAILED DESCRIPTION

[0027] An electromagnetic induction type LC panel pro-
vided in the present invention comprises a first substrate and
a second substrate facing each other. A liquid crystal layer is
filled between the first substrate and the second substrate. The
first substrate comprises a first base substrate and a multi-film
structure formed on the first base substrate. The second sub-
strate comprises a second base substrate and a multi-film
structure formed on the second base substrate. The LC panel
also comprises an antenna array, which is made of conductive
material, formed between the first base substrate and the
second base substrate and insulated from the conductive
material in the multi-film structures. The antenna array is
used for identifying electromagnetic signals and facilitates
the electromagnetic induction type LC parel to have a hand-
writing input function based on electromagnetic induction
principle.

[0028] Thehandwriting input based on the electromagnetic
induction principle is completed by the cooperation between
the antenna array and an electromagnetic induction pen. The
antenna array includes a plurality of U-shaped coils which are
perpendicular to each other. When the electromagnetic induc-
tion pen transmits electromagnetic signals, the antenna array
can receive the electromagnetic signals and identify the fre-
quency and the amplitude of the electromagnetic signals as
well as the position of the electromagnetic induction pen, thus
realizing the handwriting input. Therefore, a typical antenna
array comprises a first-direction conductive wire and a sec-
ond-direction conductive wire. The insulation is needed to be
maintained between the first-direction conductive wire and
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the second-direction conductive wire. Furthermore, the first-
direction and second-direction conductive wires are insulated
from the conductive material in the L.C panel, thus avoiding a
short circuit with an operating circuit in the LC panel. Under
the insulation requirements, there are a plurality of modes for
forming the antenna array in the LC panel.

[0029] Among the abovementioned, one forming mode is
as follows: a first-direction conductive wire and a second-
direction conductive wire which are included in the antenna
array are respectively formed at different positions between
the base substrate and a film which are made of insulating
material and adjacent to each other or between two films
which are made of insulating material and adjacent to each
other in the L.C panel. No additionalinsulating layer is needed
for this technical solution.

[0030] Another forming mode is as follows: a first-direc-
tion conductive wire and a second-direction conductive wire
which are included in the antenna array are formed at a same
position between the base substrate and a film which are made
of insulating material and adjacent to each other or between
two films which are made of insulating material and adjacent
to each other in the LC panel, and an inner interval insulating
layer is formed between the first-direction conductive wire
and the second-direction conductive wire. In this technical
solution, the first-direction conductive wire and the second-
direction conductive wire are formed at the same position,
and are insulated from each other by the inner interval insu-
lating layer.

[0031] Another forming mode is as follows: a first-direc-
tion conductive wire and/or a second-direction conductive
wire which are included in the antenna array arefis adjacent to
a film of the conductive material in the L.C panel, and an outer
interval insulating layer is formed between the first-direction
conductive wire and/or the second-direction conductive wire
and the adjacent film of the conductive material. In this tech-
nical solution, the first-direction conductive wire and the
second-direction conductive wire are provided at a same posi-
tion or at different positions, and they can be formed at any
positions. The antenna array and the conductive material in
the LC panel are insulated from each other by the outer
interval insulating layer.

[0032] The first substrate and the second substrate which
are included in the LC panel are generally a color-film sub-
strate and an array substrate respectively, and both of the
color-film substrate and the array substrate comprise a base
substrate made of glass generally. A pattern of a multi-film
structure pattern formed on the base substrate has a plurality
of designs. The antenna array can be formed in a plurality of
different positions. The present invention is further described
in detail through embodiments and with the combination of
drawings as follows. The following examples are described in
the case that the first substrate of the L.C panel is the color-film
substrate and the second substrate 1s the array substrate.

Example 1

[0033] FIG. 1isalocal cross-sectional structural schematic
diagram of an electromagnetic induction type LC panel pro-
vided in Example | of the present invention. A plane of the LC
panel is generally divided into a plurality of pixel units. This
example is described with a typical thin-film transistor LCD
device. The structure of one pixel unit in the LC panel is
shown in FIG. 1.

[0034] A typical multi-film structure on the color-film sub-
strate, starting from one side of a first base substrate 11
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orientated towards a liquid crystal layer, comprises a color
resin and black matrix layer 12, a first protection layer 13, a
common electrode layer 14 and a first alignment film 15 in
sequence. The color resin and black matrix layer 12 com-
prises color-film resins 121 and a black matrix 122 which is
provided between the color-film resins 121 at interval. The
first protection layer 13 is generally made of organic insulat-
ing material, and it can protect and planarize the color resin
and black matrix layer 12. The common electrode layer 14 is
made of transparent conductive material and provides a com-
mon voltage for liquid crystal molecules 63. The first align-
ment film 15 is generally made of the insulating material and
formed with alignment grooves thereon adjacently to the
liquid crystal layer to define the direction of the adjacent
liquid crystal molecules 63.

[0035] A typical multi-film structure on the array substrate,
starting from one side of a second base substrate 21 orientated
towards the liquid crystal layer, comprises a thin-film transis-
tor driving array film 22, a second protection layer 23 and a
second alignment film 24 in sequence. The thin-film transis-
tor driving array film 22 consists of a plurality of film patterns,
which generally comprise a gate electrode, a gate scanning
line, a gate insulating layer, an active layer, a source electrode,
a drain electrode, a passivation layer, a pixel electrode, etc.
The thin-film transistor driving array film 22 is covered with
the second protection layer 23. Similar to the first protection
layer 13, the second protection layer 23 is also made of the
organic insulating material and can protect and planarize the
thin-film transistor driving array film 22. The second align-
ment film 24 is formed on the second protection layer 23. The
direction ofthe adjacent liquid crystal molecules 63 is defined
by alignment grooves on the second alignment film 24.

[0036] After manufactured respectively, the color-film sub-
strate and the array substrate are assembled together, wherein
these two substrates are supported with a spacer 61 between
them and sealed with frame sealant 62 at the periphery
thereof, and then the liquid crystal molecules 63 are filled.

[0037] Based on an imaging principle of the LCD device,
the LC panel generally also comprises an upper polarizer 30
and a lower polarizer 40 respectively on an upper side and a
lower side thereof, and they operate with the liquid crystal
molecules 63 which make the light twist such that different
images are displayed.

[0038] An antenna array provided in the LC panel is made
of the conductive material, and preferably is made of trans-
parent conductive material. Specifically, the material is the
same with the material adopted by the pixel electrode and the
common electrode layer, for example, Indium Tin Oxides
(ITO), etc. In this example, the antenna array comprises a
first-direction conductive wire 51 and a second-direction con-
ductive wire 52 which are perpendicular to each other. The
first-direction conductive wire 51 and the second-direction
conductive wire 52 respectively include a plurality of
U-shaped coils which have the same direction, and these
U-shaped coils are arranged on the whole surface of the base
substrate or films. The distance between the central points of
two adjacent U-shaped coils is in the range of about 6.5 mm
to about 7 mm. The first-direction conductive wire 51 and the
second-direction conductive wire 52 are respectively formed
at different positions between the base substrate and a film
which are made of insulating material and adjacent to each
other or between two films which are made of insulating
material and adjacent to each other in the L.C panel.
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[0039] Specifically, one of the first-direction conductive
wire 51 and the second-direction conductive wire 52 is
formed on a surface of the first base substrate 11 orientated
towards the inner side of the LC panel, and the other one is
formed on a surface of the second protection layer 23 orien-
tated towards the inner side of the LC panel. For example, the
first-direction conductive wire 51 may be formed on the first
base substrate 11 which is adjacent to the color resin and
black matrix layer 12 made of insulating material. The sec-
ond-direction conductive wire 52 is formed on the second
protection layer 23 which is adjacent to the second alignment
film 24 made of the insulating material.

[0040] The color resin and black matrix layer as well as the
first protection layer are all the films made of the insulating
material. That is, the first-direction conductive wire or the
second-direction conductive wire may be respectively
formed at any two positions of the following positions:
[0041] a position between the first base substrate and the
color resin and black matrix layer;

[0042] a position between the color resin and black matrix
layer and the first protection layer; and

[0043] a position between the second protection layer and
the second alignment film.

[0044] With the adoption of the abovementioned technical
solution, the first-direction conductive wire and the second-
direction conductive wire are formed on the base of the exist-
ing LC panel by directly using the transparent conductive
material. And no additional insulation film is needed.

[0045] With the adoption of the technical solution in the
present example, based on the existing L.C panel, the conduc-
tive wires in the antenna array can be integrated in the LC
panel. On the one hand, an independent handwriting input
board, such as a PCB, is not needed to be assembled at the
outside of the LCD device, thereby meeting the light and thin
requirements of the LCD device, saving manufacturing and
assembly costs at the same time, and avoiding the defect that
the LC panel is easily damaged during the assembly of the
independent handwriting input board. On the other hand, the
antenna array and the L.C panel are combined tightly, thus
increasing the accuracy and the reliability of identifying the
positions of electromagnetic signals.

Example 2

[0046] In Example 2 of the present invention, the structure
of the LC panel is substantially the same with that of Example
1. An antenna array of Example 2 comprises a first-direction
conductive wire and a second-direction conductive wire
which are perpendicular to each other. The difference of the
Example 2 from Example 1 is as follows: insulating transpat-
ent films are covered on the first-direction conductive wire
and the second-direction conductive wire. That is, when the
first-direction conductive wire and the second-direction con-
ductive wire are formed in the LC panel, the insulating trans-
parent films can be respectively provided at two sides of the
first-direction conductive wire and the second-direction con-
ductive wire, thus guaranteeing that the first-direction con-
ductive wire and the second-direction conductive wire are
insulated from the LC panel.

[0047] In the present example, if an inner interval insula-
tion lay 53 is formed between the first-direction conductive
wire 51 and the second-direction conductive wire 52, insula-
tion is firstly maintained between the first-direction conduc-
tive wire 51 and the second-direction conductive wire 52.
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[0048] The antenna array and the inner interval insulating
layer 53 may have a plurality of positions to be formed,
specially they are formed at a same position between the base
substrate and a film which are made of the insulating material
and adjacent to each other or between two films which are
made of the insulating material and adjacent to each other.
FIGS. 2-4 are cross-sectional structural schematic diagrams
of respective embodiments of an electromagnetic induction
type LC panel provided in Example 2 of the present invention,
which are described with the color-film substrate and the
array substrate having the structure in Example 1.

[0049] As shown in FIG. 2, the first-direction conductive
wire 51, the inner interval insulating layer 53 and the second-
direction conductive wire 52 may be formed between the first
base substrate 11 and the color resin and black matrix layer
12.

[0050] Or,as showninFIG. 3, thefirst-direction conductive
wire 51, the inner interval insulating layer 53 and the second-
direction conductive wire 52 may be formed between the
color resin and black matrix layer 12 and the first protection
layer 13.

[0051] Or,as showninFIG. 4, thefirst-direction conductive
wire 51, the inner interval insulating layer 53 and the second-
direction conductive wire 52 may be formed between the
second protection layer 23 and the second alignment film 24.

Example 3

[0052] In Example 3 of the present invention, the structure
of the LC panel is substantially the same with that of Example
1. An antenna array of Example 3 comprises a first-direction
conductive wire and a second-direction conductive wire
which are perpendicular to each other. The difference of the
Example 3 from Example 1 is as follows: an outer interval
insulating layer is covered on the first-direction conductive
wire and/or the second-direction conductive wire, thus guar-
anteeing that the first-direction conductive wire and the sec-
ond-direction conductive wire are insulated from the conduc-
tive material of the LC panel.

[0053] In the abovementioned technical solution, the first-
direction conductive wire and the second-direction conduc-
tive wire may be provided at any position between the two
base substrates of the LC panel. They can be provided at a
same position and maintained insulation by the inner interval
insulating layer: or they can be provided at different positions.
The present example is still described with the typical color-
film substrate and array substrate of the abovementioned
Examples. FIGS. 5-8 are cross-sectional structural schematic
diagrams of respective embodiments of an electromagnetic
induction type LC panel provided in Example 3 of the present
invention.

[0054] As shown in FIG. 5, the first-direction conductive
wire 51, the inner interval insulating layer 53, the second-
direction conductive wire 52 and an outer interval insulating
layer 54 may be formed between the first protection layer 13
and the common electrode layer 14, so that the insulation
between the second-direction conductive wire 52 and the
common electrode layer 14 is maintained through the outer
interval insulating layer 54.

[0055] Or,as showninFIG. 6, the first-direction conductive
wire 51, the inner interval insulating layer 33, the second-
direction conductive wire 52 and the outer interval insulating
layer 54 may be formed between the common electrode layer
14 and the first alignment film 15, so that the insulation
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between the first-direction conductive wire 51 and the com-
mon electrode layer 14 is maintained through the outer inter-
val insulating layer 54.

[0056] Or,as shown in FIG. 7, the first-direction conductive
wire 51, the inner interval insulating layer 33, the second-
direction conductive wire 52 and the outer interval insulating
layer 54 may be formed between the second base substrate 21
and the thin-film transistor driving array film 22, or may also
be formed between any two films in the thin-film transistor
driving array film 22, so that the insulation is maintained
through the outer interval insulating layer 54.

[0057] Or,as shown in FIG. 8, the first-direction conductive
wire 51, the inner interval insulating layer 33, the second-
direction conductive wire 52 and the outer interval insulating
layer 54 may be formed between the thin-film transistor driv-
ing array film 22 and the second protection layer 23, so that
the insulation between the second-direction conductive wire
52 and the thin-film transistor driving array film 22 is main-
tained through the outer interval insulating layer 54.

[0058] In the abovementioned technical solution, the insu-
lation between the first-direction conductive wire 51, the
second-direction conductive wire 52 and the conductive films
is realized by additionally providing the outer interval insu-
lating layer 54.

[0059] Or, the first-direction conductive wire and the sec-
ond-direction conductive wire may be wrapped up with the
outer interval insulating layer to form the insulating conduc-
tive wires and realize insulation, for example, the U-shaped
coils are the enameled wires.

[0060] In the present example, the first-direction conduc-
tive wire and the second-direction conductive wire are not
limited to be disposed at a same position, and they also can be
provided at different positions, namely, they can be provided
respectively at the different positions between these films and
maintain insulation through one or more outer interval insu-
lating layers.

[0061] Inthe technical solution in the present example, by
the way of isolating the conductive wires in the antenna array
and the conductive material in the L.C panel through the outer
interval insulating layer, the antenna array is integrated in the
LC panel so as to meet the light and thin requirements of the
LCD device, save manufacturing and assembly costs, facili-
tate the antenna array and the LC panel to be tightly com-
bined, and improve the accuracy and reliability of identifying
the electromagnetic signal positions.

[0062] In the abovementioned Example 2 and Example 3,
the antenna array comprises the first-direction conductive
wire and the second-direction conductive wire which are
perpendicular to each other. Furthermore, the first-direction
conductive wire and the second-direction conductive wire
may be wrapped up or covered with the insulating transparent
film. The first-direction conductive wire and the second-di-
rection conductive wire also can be respectively formed on
two surfaces of any one film in the multi-film structures on the
color-film substrate and on the array substrate, or formed
between the surfaces ofany two films as long as the insulation
between the conductive wires as well as the insulation
between the conductive wires and the conductive films of the
LC panel are guaranteed and they can be normally operated.
In applications, the electromagnetic signals triggered by the
electromagnetic induction pen may avoid the interference of
the variable electric field in the LC panel by regulating the
frequency, the amplitude and other parameters of electromag-
netic signals. Furthermore, the first-direction conductive wire
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and the second-direction conductive wire may be formed by
depositing and etching a transparent conductive film, which
will be described hereinafter. Alternatively, the first-direction
conductive wire and the second-direction conductive wire
may be formed by embedding a transparent conductive film
into an insulating film by a thermal melting or thermal press-
ing process.

[0063] In the technical solution of the electromagnetic
induction type LC panel of the present invention, according to
the resolution requirement of the antenna array, if the con-
ductive wires of the antenna array can be correspondingly
provided in the area of the black matrix, the antenna array can
be made of any conductive materials and not be limited to the
transparent conductive material. The transmission light of the
LC panel is not be influenced obviously by the antenna array
hidden within the area of the black matrix.

[0064] Inaddition, the antenna array of the above examples
of the present invention includes two layers of wires consist-
ing of the first-direction conductive wire and the second-
direction conductive wire, but the present invention is not
limited to this. The antenna array of the present invention may
be one layer of wire, for example, one layer of wire formed by
interweaving the U-shaped coils of the first-direction conduc-
tive wire and the U-shaped coils of the second-direction con-
ductive wire. In this case, the U-shaped coils are insulated
with each other at the crossing points. Or, the antenna array of
the present invention may include two or more layers of
wires. For example, when the distance between the U-shaped
coils of the first-direction conductive wire 51 is too long, with
a result of a reduced resolution, two layers of first-direction
conductive wires may be disposed to increase the accuracy of
detection.

[0065] The examples of the present invention also provide
a method for manufacturing a LCD substrate, which com-
prises a step of forming a multi-film structure on a base
substrate layer by layer, and before any one film is formed on
the base substrate, the method further comprises: forming an
antenna array, which is made of conductive material and used
for identifying an electromagnetic signal, and the antenna
array is insulated from conductive material in the multi-film
structure.

[0066] The color-film substrate and the array substrate in
the LC panel both can be called as the LCD substrate. The
present example can be used for manufacturing a first sub-
strate and a second substrate in the electromagnetic induction
type LC panel of the present invention. If the antenna array
comprises a first-direction conductive wire and a second-
direction conductive wire, both of the conductive wires can be
formed on one substrate, or they also can respectively formed
on the two substrates. The steps of forming the antenna array
can specifically have a plurality of forming manners.

[0067] Among the abovementioned, one manner is as fol-
lows:
[0068] the first-direction conductive wire and the second-

direction conductive wire as the antenna array are respec-
tively formed at different positions or a same position
between the base substrate and a film which are made of
insulating material and adjacent to each other or between two
films which are made of insulating material and adjacent to
each other in the LC panel.

[0069] With the adoption of this technical solution, no addi-
tional insulating material film is needed, and the insulation
between the first-direction conductive wire and the second-
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direction conductive wire is maintained by the existing insu-
lating material in the LCD substrate.

[0070] Another method is as follows:

[0071] the first-direction conductive wire and the second-
direction conductive wire of the antenna array are respec-
tively formed on the base substrates of insulating material or
the films of insulating material in the LCD substrate;

[0072] an outer interval insulating layer is formed on the
first-direction conductive wire or the second-direction con-
ductive wire.

[0073] In this technical solution, the conductive wire is
firstly formed, and then the outer interval insulating layer is
formed to maintain the insulation between the conductive
wire and the conductive material.

[0074] Another method is as follows:

[0075] the first-direction conductive wire of the antenna
array is formed on the base substrate of insulating material or
the film of insulating material in the LCD substrate;

[0076] an inner interval insulating layer is formed on the
first-direction conductive wire; and

[0077] the second-direction conductive wire of the antenna
array is formed on the inner interval insulating layer. Further-
more, an outer interval insulating layer also can be formed on
the second-direction conductive wire.

[0078] Inthistechnical solution, the first-direction conduc-
tive wire and the second-direction conductive wire are pro-
vided together, and are insulated from each other by the inner
interval insulating layer:

[0079] Another method is as follows:

[0080] an outer interval insulating layer is formed on the
film of conductive material in the LCD substrate;

[0081] the first-direction conductive wire or the second-
direction conductive wire of the antenna array is formed on
the outer interval insulating layer.

[0082] Inthistechnical solution, the first-direction conduc-
tive wire or the second-direction conductive wire can be
formed on a film of the conductive material. Furthermore,
another outer interval insulating layer also can be formed on
the second-direction conductive wire to maintain the insula-
tion.

[0083] Each of the above films can be prepared by a pat-
terning process. For example, the detailed steps of forming
the antenna array using the conductive material can be as
follows:

[0084] depositing a conductive material film, and etching
the conductive material film by a patterning process to form a
pattern of the antenna array.

[0085] The method for manufacturing the LCD substrate of
the present invention can specifically be a color-film substrate
manufacturing method and an array substrate manufacturing
method.

[0086] The color-film substrate manufacturing method can
be used for preparing the color-film substrate in the electro-
magnetic induction type LC panel of the present invention.
The method comprises the steps of forming the color resin
and black matrix layer, the first protection layer, the common
electrode layer and the first alignment film on the first base
substrate in sequence. Among the abovementioned steps,
before any one film is formed, the method further comprises
a step of forming the first-direction conductive wire and/or
the second-direction conductive wire of the antenna array in
a way of insulation, and the antenna array is made of the
conductive material and used for identifying an electromag-
netic signal.
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[0087] The step of forming the first-direction conductive
wire and/or the second-direction conductive wire of the
antenna array in a way of insulation specifically comprises
forming the first-direction conductive wire and/or the second-
direction conductive wire which are/is wrapped up with the
insulation transparent material between the films; or forming
the insulating transparent films and forming the first-direction
conductive wire and/or the second-direction conductive wire
between the insulating transparent films. The insulating trans-
parent films can be the newly added films, or can be the
existing insulation material films in the color-film substrate.
In addition, the first-direction conductive wire and the sec-
ond-direction conductive wire also can be formed by embed-
ding a transparent conductive film into an insulating film by a
thermal melting or thermal pressing process.

[0088] The color-film substrate manufacturing method can
be used for manufacturing the color-film substrate in the
electromagnetic induction type LC panel of the present inven-
tion. All or part of the conductive wires of the antenna array
may be provided in the color-film substrate, thus facilitating
the LC panel assembled finally to have the electromagnetic
induction identification handwriting input function. Further-
more, the LCD device meets the light and thin requirements
with the advantages of higher accuracy and more reliability.
The present method has the convenient improvement and is
easy to be promoted and realized.

[0089] As for the LC panel having a typical structure, the
method for forming the color resin and black matrix layer, the
first protection layer, the common electrode layer and the first
alignment film on the first base substrate in sequence specifi-
cally can comprise the following steps:

[0090] patterns of the color resin and the black matrix are
respectively formed on the first base substrate, and the black
matrix is formed between the patterns of the color resin at
interval to constitute the color resin and black matrix layer;
[0091] the first protection layer is coated on the color resin
and black matrix layer;

[0092] the common electrode layer is deposited on the first
protection layer; and

[0093] the alignment film material is deposited on the com-
mon electrode layer, and alignment grooves are formed on the
alignment film material to form the first alignment film.
[0094] The preferred solutions for forming the antenna
array in the color-film substrate are respectively introduced in
the followings.

Example 4

[0095] FIG.9is a flow diagram of a manufacturing method
of a color-film substrate provided in Example 4 of the present
invention. For example, in this method, the antenna array is
formed before the color resin and black matrix layer is
formed. The formed color-film substrate can be referred to as
in FIG. 1. The method in the present example specifically
comprises the following steps:

[0096] in Step 901, a transparent conductive film is depos-
ited on the first base substrate;

[0097] in Step 902, the transparent conductive film is
etched by a patterning process to form a pattern of the first-
direction conductive wire;

[0098] in Step 903, the patterns of the color resin and the
black matrix are respectively formed on the first base sub-
strate, and the black matrix is formed between the patterns of
the color resin at interval to constitute the color resin and
black matrix layer;
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[0099] in Step 904, the first protection layer is coated on the
color resin and black matrix layer;

[0100] in Step 905, the common electrode layer is depos-
ited on the first protection layer; and

[0101] in Step 906, the alignment film material is deposited
on the common electrode layer, and alignment grooves are
formed on the alignment film material to form the first align-
ment film.

[0102] In the present example, the first-direction conduc-
tive wire of the antenna array is formed on the first base
substrate. The first base substrate is adjacent to the color resin
and black matrix layer. Both of the first base substrate and the
color resin and black matrix layer are made of the insulating
material. Therefore, no additional insulating transparent film
is needed with the advantages of simple procedures and low
cost. In the abovementioned technical solution, the arrange-
ment of part of the conductive wires of the antenna array can
be completed in the color-film substrate. Cooperating with
the corresponding array substrate, all of the conductive wires
of the antenna array can be provided in the LC panel.

[0103] Between Step 902 and Step 903 of the abovemen-
tioned example, that is, after the pattern of the first-direction
conductive wire is formed, the preparation of the second-
direction conductive wire also can be completed as follows:
[0104] asecondinsulating transparent film is formed on the
first base substrate on which the first-direction conductive
wire is formed;

[0105] the transparent conductive film is deposited on the
second insulating transparent film;

[0106] the transparent conductive film is etched by a pat-
terning process to form a pattern of the second-direction
conductive wire, and the second-direction conductive wire
and the first-direction conductive wire are perpendicular to
each other. The manufactured color-film substrate can be
referred to as in FIG. 2, wherein the second insulating trans-
parent film is equivalent to the inner interval insulating layer.
[0107] As for the abovementioned technical solution, the
arrangement of all of the conductive wires of the antenna
array can be completed in the color-film substrate.

Example 5

[0108] FIG. 10 is a flow diagram of a manufacturing
method of a color-film substrate provided in Example 5 of the
present invention. In the present method, the antenna array is
formed after the first protection layer is coated. The manu-
factured color-film substrate can be referred to as in FIG. 5.
The present method specifically comprises the following
steps:

[0109] in Step 1001, the patterns of the color resin and the
black matrix are respectively formed on the first base sub-
strate, and the black matrix is formed between the patterns of
the color resin at interval to constitute the color resin and
black matrix layer;

[0110] in Step 1002, the first protection layer is coated on
the color resin and black matrix layer;

[0111] in Step 1003, a transparent conductive film is depos-
ited on the first protection layer;

[0112] in Step 1004, the transparent conductive film is
etched by a patterning process to form a pattern of the first-
direction conductive wire;

[0113] in Step 1005, a first insulating transparent film is
formed on the first base substrate on which the first-direction
conductive wire is formed,;



US 2012/0092577 Al

[0114] in Step 1006, the common electrode layer is depos-
ited on the first insulating transparent film; and

[0115] in Step 1007, the alignment film material is depos-
ited on the common electrode layer, and alignment grooves
are formed on the alignment film material to form the first
alignment film.

[0116] The first-direction conductive wire is formed on the
insulating first protection layer in the present example. The
firstinsulating transparent film is additionally provided on the
first-direction conductive wire and equivalent to the outer
interval insulating layer, thus guaranteeing the insulation
between the first-direction conductive wire and the common
electrode layer. In the abovementioned technical solution, the
arrangement of part of the conductive wires of the antenna
array can be completed in the color-film substrate. Cooperat-
ing with the corresponding array substrate, all of the conduc-
tive wires of the antenna array can be provided in the LC
panel.

[0117] Between Step 1004 and Step 1005 of the abovemen-
tioned example, that is, after the pattern of the first-direction
conductive wire is formed, the preparation of the second-
direction conductive wire also can be completed as follows:
[0118] asecond insulating transparent film is formed on the
first base substrate on which the first-direction conductive
wire 1s formed;

[0119] the transparent conductive film is deposited on the
second insulating transparent film;

[0120] the transparent conductive film is etched by a pat-
terning process to form a pattern of the second-direction
conductive wire, and the second-direction conductive wire
and the first-direction conductive wire are perpendicular to
each other. The second insulating transparent film is equiva-
lent to the inner interval insulating layer, and the first insulat-
ing transparent film is equivalent to the outer interval insulat-
ing layer.

[0121] As for the abovementioned technical solution, the
arrangement of all of the conductive wires of the antenna
array can be completed in the color-film substrate.

Example 6

[0122] FIG. 11 is a flow diagram of a manufacturing
method of a color-film substrate provided in Example 6 of the
present invention. In the present method, the antenna array is
formed after the common electrode layer is formed. The
manufactured color-film substrate can be referred to as in
FIG. 6. Specifically, the present method comprises the fol-
lowing steps:

[0123] in Step 1101, the patterns of the color resin and the
black matrix are respectively formed on the first base sub-
strate, and the black matrix is formed between the patterns of
the color resin at interval to constitute the color resin and
black matrix layer;

[0124] in Step 1102, the first protection layer is coated on
the color resin and black matrix layer;

[0125] in Step 1103, the common electrode layer is depos-
ited on the first protection layer;

[0126] in Step 1104, the first insulating transparent film,
which is equivalent to the outer interval insulating layer, is
formed on the common electrode layer;

[0127] in Step 1105, the transparent conductive film is
deposited on the first insulating transparent film;

[0128] in Step 1106, the transparent conductive film is
etched by a patterning process to form a pattern of the first-
direction conductive wire; and
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[0129] in Step 1107, the alignment film material is depos-
ited on the first base substrate, and alignment grooves are
formed on the alignment film material to form the first align-
ment film.

[0130] The first insulating transparent film is formed on the
common electrode layer in the present example and then the
first-direction conductive wire is formed, thus guaranteeing
the insulation between the first-direction conductive wire and
the common electrode layer. In the abovementioned technical
solution, the arrangement of part of the conductive wires of
the antenna array can be completed in the color-film sub-
strate. Cooperating with the corresponding array substrate, all
of the conductive wires of the antenna array can be provided
in the LC panel.

[0131] Between Step 1106 and Step 1107 of the abovemen-
tioned example, that is, after the pattern of the first-direction
conductive wire is formed, the preparation of the second-
direction conductive wire also can be completed as follows:

[0132] asecondinsulating transparent film is formed on the
first base substrate on which the first-direction conductive
wire is formed;

[0133] the transparent conductive film is deposited on the
second insulating transparent film;

[0134] the transparent conductive film is etched by a pat-
terning process to form a pattern of the second-direction
conductive wire, and the second-direction conductive wire
and the first-direction conductive wire are perpendicular to
each other. The second insulating transparent film is equiva-
lent to the inner interval insulating layer, and the first insulat-
ing transparent film is equivalent to the outer interval insulat-
ing layer.

[0135] As for the abovementioned technical solution, the
arrangement of all of the conductive wires of the antenna
array can be completed in the color-film substrate.

[0136] Inthe example of the present invention, the antenna
array can also be prepared on the color resin and black matrix
layer.

[0137] The abovementioned color-film substrate manufac-
turing methods can be used for the preparation of the color-
film substrate in the electromagnetic induction type LC panel
in any one of the examples of the present invention, and the
concrete preparation process is not limited to the abovemen-
tioned methods. In the above manufacturing methods, with a
simple production process, the antenna array is integrated
between the films of the color-film substrate, thus improving
the integration level and reducing the thickness of products as
well as the assembly cost. Furthermore, the identification
accuracy and reliability can be increased by the tight combi-
nation of the antenna array and the L.C panel.

[0138] The manufacturing method of the LCD substrate of
the present invention is also an array substrate manufacturing
method, which is used for manufacturing an array substrate in
the electromagnetic induction type LC panel of the present
invention. The present method comprises the steps of forming
the thin-film transistor driving array film, the second protec-
tion layer and the second alignment film on the second base
substrate in sequence. Before any one film is formed, the
method further comprises the step of forming the first-direc-
tion conductive wire and/or the second-direction conductive
wire of the antenna array in a way of insulation, and the
antenna array is made of the conductive material and used for
identifying an electromagnetic signal.

[0139] The step of forming the first-direction conductive
wire and/or the second-direction conductive wire of the
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antenna array in a way of insulation specifically comprises
forming the first-direction conductive wire and/or the second-
direction conductive wire which are/is wrapped up with the
insulation transparent material between the films, or forming
the insulating transparent films and forming the first-direction
conductive wire and/or the second-direction conductive wire
between the insulating transparent films. The insulating trans-
parent films can be the newly added films, or can be the
existing insulation material films in the array substrate.

[0140] The array substrate manufacturing method can be
used for manufacturing the array substrate in the electromag-
netic induction type LC panel of the present invention. All or
part of the conductive wires of the antenna array may be
provided in the array substrate, thus facilitating the LC panel
assembled finally to have the electromagnetic induction iden-
tification handwriting input function. Furthermore, the LCD
device meets the light and thin requirements with the advan-
tages of higher accuracy and more reliability. The present
method has the convenient improvement and is easy to be
promoted and realized.

[0141] As for the LC panel having a typical structure, the
method for forming the thin-film transistor driving array film,
the second protection layer and the second alignment film on
the second base substrate in sequence specifically can com-
prise the following steps:

[0142] the conductive material is adopted to respectively
form the patterns of the thin-film transistor driving array film
on the second base substrate;

[0143] using the insulating material, the second protection
layer is coated on the abovementioned second base substrate,
that is, on the thin-film transistor driving array film; and

[0144] using the insulating material, the alignment film
material is deposited on the second base substrate, that is, on
the second protection layer, and alignment grooves are
formed on the alignment film material to form the second
alignment film.

[0145] The preferred solutions for forming the antenna
array in the array substrate are respectively introduced in the
followings.

Example 7

[0146] FIG. 12 is a flow diagram of a manufacturing
method of an array substrate provided in Example 7 of the
present invention. In this method, the antenna array is formed
before the thin-film transistor driving array film is formed.
The formed array substrate can be referred to as in FIG. 7. The
method in the present example specifically comprises the
following steps:

[0147] in Step 1201, a transparent conductive film is depos-
ited on the second base substrate;

[0148] in Step 1202, the transparent conductive film is
etched by a patterning process to form a pattern of the second-
direction conductive wire;

[0149] in Step 1203, a third insulating transparent film is
formed on the second base substrate on which the second-
direction conductive wire is formed,

[0150] in Step 1204, the patterns of the thin-film transistor
driving array film are respectively formed on the second base
substrate;

[0151] in Step 1205, the second protection layer is coated
on the thin-film transistor driving array film; and
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[0152] in Step 1206, the alignment film material is depos-
ited on the second protection layer, and alignment grooves are
formed on the alignment film material to form the second
alignment film.

[0153] In the present example, the pattern of the second-
direction conductive wire is formed on the second base sub-
strate, then the third insulating transparent film, being equiva-
lent to the outer interval film, is formed, thereby guaranteeing
the insulation between the second-direction conductive wire
and the thin-film transistor driving array film. In the above-
mentioned technical solution, the arrangement of part of the
conductive wires of the antenna array can be completed in the
array substrate. Cooperating with the corresponding color-
film substrate, all of the conductive wires of the antenna array
can be provided in the LC panel.

[0154] Between Step 1202 and Step 1203 of the abovemen-
tioned example, that is, after the pattern of the second-direc-
tion conductive wire is formed, the preparation of the first-
direction conductive wire also can be completed as follows:
[0155] a fourth insulating transparent film is formed on the
second base substrate on which the second-direction conduc-
tive wire is formed;

[0156] the transparent conductive film is deposited on the
fourth insulating transparent film;

[0157] the transparent conductive film is etched by a pat-
terning process to form a pattern of the first-direction con-
ductive wire, and the second-direction conductive wire and
the first-direction conductive wire are perpendicular to each
other. The fourth insulating transparent film is equivalent to
the inner interval insulating layer, and the third insulating
transparent film is equivalent to the outer interval insulating
layer.

[0158] As for the abovementioned technical solution, the
arrangerment of all of the conductive wires of the antenna
array can be completed in the array substrate.

Example 8

[0159] FIG. 13 is a flow diagram of a manufacturing
method of an array substrate provided in Example 8 of the
present invention. In the present method, the antenna array is
formed after the thin-film transistor driving array film is
formed. The formed array substrate can be referred to as in
FIG. 8. The method in the present example specifically com-
prises the following steps:

[0160] in Step 1301, the patterns of the thin-film transistor
driving array film are respectively formed on the second base
substrate;

[0161] in Step 1302, a third insulating transparent film is
formed on the thin-film transistor driving array film, and is
equivalent to an outer interval insulating layer. Preferably, the
third insulating transparent film can be made of organic mate-
rial and has the function of planarization at the same time;
[0162] inStep 1303, a transparent conductive film is depos-
ited on the third insulating transparent film;

[0163] in Step 1304, the transparent conductive film is
etched by a patterning process to form a pattern of the second-
direction conductive wire;

[0164] in Step 1305, the second protection layer is coated
on the abovementioned second base substrate; and

[0165] in Step 1306, the alignment film material is depos-
ited on the second protection layer, and alignment grooves are
formed on the alignment film material to form the second
alignment film.



US 2012/0092577 Al

[0166] Inthe presentexample, the third insulating transpar-
ent film is firstly formed on the thin-film transistor driving
array film, and then the pattern of the second-direction con-
ductive wire are formed, thus guaranteeing the insulation
between the second-direction conductive wire and the thin-
film transistor driving array film. In the abovementioned tech-
nical solution, the arrangement of part of the conductive wire
of the antenna array can be completed in the array substrate.
Cooperating with the corresponding color-film substrate, all
of the conductive wires of the antenna array can be provided
in the LC panel.

[0167] Between Step 1305 and Step 1306 of the present
example, that is, after the pattern of the second-direction
conductive wire is formed, the preparation of the first-direc-
tion conductive wire also can be completed as follows:
[0168] a fourth insulating transparent film is formed on the
second base substrate on which the second-direction conduc-
tive wire is formed;

[0169] a transparent conductive film is deposited on the
fourth insulating transparent film;

[0170] the transparent conductive film is etched by a pat-
terning process to form the pattern of the first-direction con-
ductive wire, and the second-direction conductive wire and
the first-direction conductive wire are perpendicular to each
other. The fourth insulating transparent film is equivalent to
the inner interval insulating layer.

[0171] As for the abovementioned technical solution, the
arrangement of all of the conductive wires of the antenna
array can be completed in the array substrate.

Example 9

[0172] FIG. 14 is a flow diagram of a manufacturing
method of an array substrate provided in Example 9 of the
present invention. In the present method, the antenna array is
formed after the second protection layer is formed. The
formed array substrate can be referred to as in FIG. 4. The
method in the present example specifically comprises the
following steps:

[0173] in Step 1401, the patterns of the thin-film transistor
driving array film are respectively formed on the second base
substrate;

[0174] in Step 1402, the second protection layer is coated
on the thin-film transistor driving array film of the abovemen-
tioned second base substrate;

[0175] in Step 1403, a transparent conductive film is depos-
ited on the second protection layer;

[0176] in Step 1404, the transparent conductive film is
etched by a patterning process to form the pattern of the
second-direction conductive wire; and

[0177] in Step 1405, the alignment film material is depos-
ited on the second base substrate, and alignment grooves are
formed on the alignment film material to form the second
alignment film.

[0178] The second-direction conductive wire is formed on
the second protection layer in the present example. The sec-
ond protection layer and the second alignment film guarantee
the insulation of the second-direction conductive wire. In the
abovementioned technical solution, the arrangement of part
of the conductive wires of the antenna array can be completed
in the array substrate. Cooperating with the corresponding
color-film substrate, all of the conductive wires of the antenna
array can be provided in the LC panel.

[0179] Between Step 1404 and Step 1405 of the abovemen-
tioned example, that is, after the pattern of the second-direc-
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tion conductive wire is formed, the preparation of the first-
direction conductive wire also can be completed as follows:
[0180] a fourth insulating transparent film is formed on the
second base substrate on which the second-direction conduc-
tive wire is formed;

[0181] a transparent conductive film is deposited on the
fourth insulating transparent film; and

[0182] the transparent conductive film is etched by a pat-
terning process to form the pattern of the first-direction con-
ductive wire, and the second-direction conductive wire and
the first-direction conductive wire are perpendicular to each
other. The fourth insulating transparent film is equivalent to
the inner interval insulating layer.

[0183] As for the abovementioned technical solution, the
arrangement of all of the conductive wires of the antenna
array can be completed in the array substrate.

[0184] In the example of the present invention, the first-
direction conductive wire and/or the second-direction con-
ductive wire of the antenna array also can be prepared on any
one of films of the thin-film transistor driving array film.
[0185] The formed thin-film transistor driving array film
has a plurality of forming processes, wherein a typical prepa-
ration process comprises:

[0186] a gate metal layer is deposited on the second base
substrate, and a pattern including a gate electrode and a gate
scanning line is formed by a patterning process;

[0187] a gate insulating layer is deposited on the above-
mentioned second base substrate;

[0188] a semiconductor film, a doped semiconductor film
and a source and drain metal film are deposited on the above-
mentioned second base substrate, a pattern including a semi-
conductor layer, a doped semiconductor layer, a source elec-
trode, a drain electrode and a data scanning line is formed by
a patterning process;

[0189] a passivation layer is deposited on the abovemen-
tioned second base substrate, and a passivation-layer through
hole is formed by a patterning process; and

[0190] a transparent conductive film is deposited on the
abovementioned second base substrate, and a pattern includ-
ing a pixel electrode is formed by a patterning process,
wherein the pixel electrode is connected with the drain elec-
trode through the passivation-layer through hole.

[0191] After any one of the above films of the thin-film
transistor driving array film is formed, the process further
comprises that the first-direction conductive wire and/or the
second-direction conductive wire are/is formed in a way of
insulation.

[0192] For example, an insulating transparent film can be
formed on the pattern including the gate electrode and the
gate scanning line. And then a transparent conductive mate-
rial is deposited, and a pattern of the second-direction con-
ductive wire is formed by a patterning process. And then
another insulating transparent film is formed, and the trans-
parent conductive material is deposited again to form a pat-
tern of the first-direction conductive wire by a patterning
process. Thereafter, the gate insulating layer is deposited.
[0193] The method for preparing the antenna array on the
other films is similar to this method. When the film closely
adjacent to the antenna array is the insulating layer, the first-
direction and/or the second-direction conductive wire in the
antenna array can be directly formed. Otherwise, the conduc-
tive wire wrapped up with an insulating layer is arranged, or
the insulation is maintained through the preparation of the
transparent insulation film. The first-direction conductive
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wire and the second-direction conductive wire are not limited
to be adjacently provided, and they can respectively be pro-
vided at different positions between the films.

[0194] The abovementioned array substrate manufacturing
methods can be used for the preparation of the array substrate
in the electromagnetic induction type LC panel in any one of
the examples of the present invention, and the concrete prepa-
ration process is not limited to the abovementioned methods.
In addition, the first-direction conductive wire and the sec-
ond-direction conductive wire also can be formed by embed-
ding atransparent conductive film into an insulating film by a
thermal melting or thermal pressing process. In the above
manufacturing methods, with a simple production process,
the antenna array is integrated between the films of the array
substrate, thus improving the integration level and reducing
the thickness of products as well as the assembly cost. Fur-
thermore, the identification accuracy and reliability can be
increased by the tight combination of the antenna array and
the LC panel.

[0195] Liquid Crystal Display (LCD) Device

[0196] The examples of the present invention also provide
an LCD device, which adopts the electromagnetic induction
type LC panel of the present invention and further comprises
a backlight module and a frame. The backlight module and
the LC panel as well as other accessories all can be embedded
and fixed in the frame. The LCD device further comprises an
input identification circuit, which can be provided on the side
of the LC panel and connected with an output terminal of the
antenna array for identifying the electromagnetic signals
received by the antenna array from an electromagnetic induc-
tion pen and generating input signals to be displayed on the
LCD device or as an input control.

[0197] The LCD device of the present invention has an
electromagnetic induction identification handwriting input
function. Furthermore, as the antenna array is integrated in
the LC panel, the thickness of the LCD device is hardly
increased, thereby meeting the light and thin requirements
and reducing the assembly cost. The antenna array is inte-
grated in the LCD device, thus increasing the identification
accuracy and reliability of the antenna array.

[0198] Finally, it should be noted that the above embodi-
ments are merely provided for describing the technical solu-
tions of the present invention, but not intended to limit the
present invention. It should be understood by those of ordi-
nary skill in the art that although the present invention has
been described in detail with reference to the foregoing
embodiments, modifications can be made to the technical
solutions described in the foregoing embodiments, or equiva-
lent replacements can be made to some technical features in
the technical solutions, as long as such modifications or
replacements do not cause the essence of corresponding tech-
nical solutions to depart from the scope of the present inven-
tion.

What is claimed is:

1. An electromagnetic induction type LC panel, compris-
ing a first substrate and a second substrate facing each other
and a liquid crystal layer filled between the first substrate and
the second substrate; the first substrate and the second sub-
strate respectively comprise a first base substrate and a second
base substrate as well as multi-film structures respectively
formed on the first base substrate and the second base sub-
strate, wherein;

the LC panel further comprises an antenna array, which is

made of conductive material, formed between the first
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base substrate and the second base substrate, insulated
from conductive material in the multi-film structures and
used for identifying an electromagnetic signal.
2. The electromagnetic induction type LC panel according
to claim 1, wherein:
the antenna array comprises a first-direction conductive
wire and a second-direction conductive wire; and
the first-direction conductive wire and the second-direc-
tion conductive wire are respectively formed at different
positions between the base substrate and a film which
are made of insulating material and adjacent to each
other or between two films which are made of insulating
material and adjacent to each other in the LC panel.
3. The electromagnetic induction type LC panel according
to claim 2, wherein:
the multi-film structure on the first substrate, starting from
one side adjacent to the first base substrate, comprises a
color resin and black matrix layer, a first protection
layer, a common electrode layer and a first alignment
film in sequence;
the multi-film structure on the second substrate, starting
from one side adjacent to the second base substrate,
comprises a thin-film transistor driving array film, a
second protection layer and a second alignment film in
sequence; and
the first-direction conductive wire and the second-direc-
tion conductive wire are respectively formed at any two
positions of the following positions:
a position between the first base substrate and the color
resin and black matrix layer; or
a position between the color resin and black matrix layer
and the first protection layer; or
a position between the second protection layer and the
second alignment film.
4. The electromagnetic induction type LC panel according
to claim 1, wherein:
the antenna array comprises a first-direction conductive
wire and a second-direction conductive wire; and
the first-direction conductive wire and the second-direc-
tion conductive wire are formed at a same position
between the base substrate and a film which are made of
insulating material and adjacent to each other or
between two films which are made of insulating material
and adjacent to each other in the LC parel, and an inner
interval insulating layer is formed between the first-
direction conductive wire and the second-direction con-
ductive wire.
5. The electromagnetic induction type LC panel according
to claim 4, wherein:
the multi-film structure on the first substrate, starting from
one side adjacent to the first base substrate, comprises a
color resin and black matrix layer, a first protection
layer, a common electrode layer and a first alignment
film in sequence;
the multi-film structure on the second substrate, starting
from one side adjacent to the second base substrate,
comprises a thin-film transistor driving array film, a
second protection layer and a second alignment film in
sequence; and
the first-direction conductive wire, the inner interval insu-
lating layer and the second-direction conductive wire are
formed:
between the first base substrate and the color resin and
black matrix layer; or
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between the color resin and black matrix layer and the first

protection layer; or

between the second protection layer and the second align-

ment film.

6. The electromagnetic induction type LC panel according
to claim 1, wherein:

the antenna array comprises a first-direction conductive

wire and a second-direction conductive wire; and

the first-direction conductive wire and/or the second-direc-

tion conductive wire are/is adjacent to a film of conduc-
tive material in the L.C panel, and an outer interval insu-
lating layer is formed between the first-direction
conductive wire and/or the second-direction conductive
wire and the adjacent film of the conductive material.

7. The electromagnetic induction type LC panel according
to claim 6, wherein:

the multi-film structure on the first substrate, starting from

one side adjacent to the first base substrate, comprises a
color resin and black matrix layer, a first protection
layer, a common electrode layer and a first alignment
film in sequence;

the multi-film structure on the second substrate, starting

from one side adjacent to the second base substrate,
comprises a thin-film transistor driving array film, a
second protection layer and a second alignment film in
sequence; and

the first-direction conductive wire, the second-direction

conductive wire and the outer interval insulating layer
are formed at any two positions of the following posi-
tions:

a position between the first protection layer and the com-

mon electrode layer; or

aposition between the common electrode layer and the first

alignment film; or

a position between the second base substrate and the thin-

film transistor driving array film; or

a position between any two films in the thin-film transistor

driving array film; or

a position between the thin-film transistor driving array

film and the second protection layer.

8. The electromagnetic induction type LC panel according
to claim 1, wherein the antenna array is made of transparent
conductive material.

9. A method for manufacturing a liquid crystal display
substrate, comprising a step of forming a multi-film structure
on a base substrate layer by layer, wherein before any one film
is formed on the base substrate, the method further comprises:

forming an antenna array, which is made of conductive

material and used for identifying an electromagnetic
signal, and the antenna array is insulated from conduc-
tive material in the multi-film structure.

10. The method for manufacturing the liquid crystal dis-
play substrate according to claim 9, wherein forming the
antenna array comprises:

forming a first-direction conductive wire and a second-

direction conductive wire respectively at different posi-
tions between the base substrate and a film which are
made of insulating material and adjacent to each other or
between two films which are made of insulating material
and adjacent to each other in the liquid crystal display
substrate as the antenna array.

11. The method for manufacturing the liquid crystal dis-
play substrate according to claim 9, wherein forming the
antenna array comprises:
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forming a first-direction conductive wire or a second-di-
rection conductive wire of the antenna array on the base
substrate or a film both of insulating material in the
liquid crystal display substrate; and

forming an outer interval insulating layer on the first-di-

rection conductive wire or the second-direction conduc-
tive wire.

12. The method for manufacturing the liquid crystal dis-
play substrate according to claim 9, wherein forming the
antenna array comprises:

forming a first-direction conductive wire of the antenna

array on the base substrate or a film both of insulating
material in the liquid crystal display substrate;

forming an inner interval insulating layer on the first-di-

rection conductive wire; and

forming a second-direction conductive wire of the antenna

array on the inner interval insulating layer.

13. The method for manufacturing the liquid crystal dis-
play substrate according to claim 9, wherein forming the
antenna array comprises:

forming an outer interval insulating layer on a film of

insulating material in the liquid crystal display substrate;
and

forming a first-direction conductive wire or a second-di-

rection conductive wire of the antenna array on the outer
interval insulating layer.

14. The method for manufacturing the liquid crystal dis-
play substrate according to claim 12, wherein after the sec-
ond-direction conductive wire is formed, the method further
comprises:

forming an outer interval insulating layer on the second-

direction conductive wire.

15. The method for manufacturing the liquid crystal dis-
play substrate according to claim 13, wherein after the sec-
ond-direction conductive wire is formed, the method further
comprises:

forming an outer interval insulating layer on the second-

direction conductive wire.

16. The method for manufacturing the liquid crystal dis-
play substrate according to claim 9, wherein forming the
antenna array comprises:

depositing a conductive material film, and etching the con-

ductive material film by a patterning process to form a
pattern of the antenna array.

17. The method for manufacturing the liquid crystal dis-
play substrate according to claim 9, wherein the step of form-
ing the multi-film structure on the base substrate layer by
layer comprises:

forming patterns of a color resin and a black matrix on the

base substrate respectively, wherein the black matrix is
formed between the patterns of the color resin to consti-
tute a color resin and black matrix layer;

coating a first protection layer on the base substrate includ-

ing the color resin and black matrix layer using insulat-
ing material;

depositing a common electrode layer on the base substrate

including the first protection layer using conductive
material; and

depositing an alignment film material on the base substrate

including the common electrode layer using insulating
material, and forming alignment grooves on the align-
ment film material to form a first alignment film.
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18. The method for manufacturing the liquid crystal dis- depositing alignment film material on the base substrate
play substrate according to claim 9, wherein the step of form- including the second protection layer using insulating

ing the multi-film structure on the base substrate layer by material, and forming alignment grooves on the align-
) ment film material to form a second alignment film.
layer comprises:

19. A liquid crystal display device adopting the electro-
forming patterns of a thin-film transistor driving array film magnetic induction type liquid crystal panel according to
on the base substrate respectively using conductive claim 1, alsq compnsing a backhght module and a .frame,
material: wherein the liquid crystal display device further comprises an

’ input identification circuit connected with an output terminal

coating a second protection layer on the base substrate  ,f{he antenna array.

including the thin-film transistor driving array film using
insulating material, ook ko E
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