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Forming a touch sensor and a
fingerprint sensor concurrently on
a glass substrate
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(57) Abstract: The present disclosure relates generally to a method for manufacturing a touch screen, a touch screen, and a display
device having a touch screen. An embodiment of the method for manufacturing a touch screen may include forming a touch sensor
and a fingerprint sensor concurrently on a glass substrate; thinning the glass substrate at a portion facing the fingerprint sensor to a
predetermined thickness.
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Touch Sereen, Method of Manufacturing Touch Screen, and Display Device Including

Touch Screen

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of the filing date of Chinese Patent Application No.
201610818426.7 filed on September 12, 2016, the entire disclosure of which is hereby

incorporated by reference.

TECHNICAL FIELD

[0002] The present disclosure relates generally to touch sensing and fingerprint recognition
technologies, and in particular, to a method of manufacturing a touch screen, a touch

screen, and a display device having a touch screen.

BACKGROUND

[0003] There has been growing demand in recent years for fingerprint sensors that can
capture fingerprints at a high resolution of 0.1 mm or more. The size of pattern and pitch
that can be designed for the fingerprint sensing element is correspondingly reduced,
which in turn requires narrower line widths and line spacings, and increases the need for
pinpoint accuracy during exposure. In addition, the reduction in the size of the pattern
pitch reduces the sensitivity of the fingerprint sensor.

[0004] Existing technologies for manufacturing touch screens cannot form a touch sensor and
a fingerprint sensor concurrently, for example, in parallel and simultancously, on a glass
substrate. Instead, in order for a touch screen to perform functions relating to fingerprint

recognition, existing technologies require forming an opening in the glass substrate in
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order to embed the fingerprint senor in the glass substrate. This complicates the

manufacturing process, and significantly raises the associated manufacturing costs.

BRIEF SUMMARY

[0005] One embodiment of the present disclosure is a method of manufacturing a touch
screen. The method may comprise: forming a patterned electrode layer on a glass
substrate; forming an insulating layer on the patterned electrode layer; and forming a
patterned metal layer covering the insulating layer and the patterned electrode layer. The
patterned electrode layer, the insulating layer and the patterned metal layer form a touch
sensor and a fingerprint sensor. The touch screen according to an embodiment of the
present disclosure may comprise a display portion and a fingerprint recognition portion,

[0006] The patterned electrode layer may comprise a plurality of first electrodes forming the
touch sensor on a portion of the glass substrate in the display portion. The patterned
electrode layer may also comprise a plurality of second electrodes forming a first
component of the fingerprint sensor on a portion of the glass substrate in the fingerprint
recognition portion.

[0007] The patterned metal layer may comprise a plurality of metal bridges for connecting
the first electrodes. The patterned metal layer may also comprise a plurality of metal
electrodes forming a second component of the fingerprint sensor.

[0008] In at least some embodiments of the present disclosure, the plurality of first electrodes
may comprise a plurality of touch sensing electrodes arranged in a first direction, and a
plurality of touch control electrodes arranged in a second direction. The plurality of touch
sensing electrodes may intersect the plurality of touch control electrodes. One of the
plurality of touch sensing electrodes and the plurality of touch control electrodes may be

discontinuous at positions of intersection.
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[0009] The plurality of second electrodes may comprise a plurality of fingerprint sensing
electrodes. The plurality of metal electrodes may comprise a plurality of fingerprint
recognition control electrodes.

[0010] Each of the plurality of metal bridges may be formed on the first electrodes, so as to
connect two ends of discontinuous one of touch sensing electrode and touch sensing
electrode at a position of intersection.

[0011] The plurality of first electrodes and the plurality of second electrodes may be
composed of a transparent conductive material.

[0012] Before the forming of the patterned electrode layer, a black matrix pattern may be
formed on the glass substrate. The black matrix pattern may comprise a first black matrix,
a second black matrix, and a third black matrix arranged consecutively, so that an area of
the glass substrate between the first black matrix and the second black matrix may define
the display portion, and an area of the glass substrate between the second black matrix
and the third black matrix may define the fingerprint recognition portion.

[0013] The patterned metal layer may further comprise a metal trace formed along at least a
portion of a periphery of each of the display portion and the fingerprint recognition
portion.

[0014] A cover layer may be formed. In at least some embodiments of the present disclosure,
the cover layer does not cover at least a portion of the metal trace, so as to form a bonding
area opening for electrically connecting the portion of the metal trace to an external
circuit.

[0015] In at least some embodiments of the present disclosure, before forming a patterned
electrode layer on a glass substrate, a conductive bridge layer may be formed on the glass
substrate. The conductive bridge layer may comprise a first array of first conductive

bridges arranged on a portion of the glass substrate in the display portion. The conductive
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bridge layer may also comprise a second array of second conductive bridges on a portion
of the glass substrate in the fingerprint recognition portion.

[0016] An insulation layer may be formed on the conductive bridge layer.

[0017] The patterned electrode layer may comprise a plurality of first electrodes forming a
touch sensor in the display portion. The patterned electrode layer may also comprise a
plurality of second electrodes forming a fingerprint sensor in the fingerprint recognition
portion.

[0018] The patterned metal layer may comprise a metal electrode layer formed on the
plurality of second electrodes.

[0019] The first electrodes may comprise a plurality of touch sensing electrodes arranged in a
first direction. The first electrodes may also comprise a plurality of touch control
electrodes arranged in a second direction. The plurality of touch sensing electrodes may
intersect the plurality of touch control electrodes. One of the plurality of touch sensing
electrodes and the plurality of touch control electrodes may be discontinuous at positions
of intersection. Each of the first conductive bridges may connect two ends of
discontinuous one of touch sensing electrode and touch control electrode at a position of
intersection.

[0020] The plurality of second electrodes may comprise a plurality of fingerprint sensing
electrodes arranged in a first direction. The second electrodes may also comprise a
plurality of fingerprint recognition control electrodes arranged in a second direction. The
plurality of fingerprint sensing electrodes may intersect the plurality of fingerprint
recognition control electrodes. One of the plurality of fingerprint sensing electrodes and
the plurality of fingerprint recognition control electrodes may be discontinuous at

positions of intersection. Each of the second conductive bridges may connect two ends of
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discontinuous one of touch sensing electrode and touch control electrode at a position of
intersection.

[0021] The patterned metal layer may further comprise a metal trace formed along a
periphery of each of the display portion and the fingerprint recognition portion of the
glass substrate.

[0022] Before the forming of the conductive bridge layer, a black matrix pattern may be
formed on the glass substrate, the black matrix pattern comprising a first black matrix, a
second black matrix, and a third black matrix arranged consecutively, so that an area of
the glass substrate between the first black matrix and the second black matrix may define
the display portion of the glass substrate, and an area of the glass substrate between the
second black matrix and the third black matrix may define the fingerprint recognition
portion of the glass substrate.

[0023] A cover layer may be formed. In at least some embodiments of the present disclosure,
the cover layer does not cover at least a portion of the metal trace, so as to form a bonding
area opening for electrically connecting the portion of the metal trace to an external
circuit.

[0024] A portion of the glass substrate facing the fingerprint sensor may be thinned to a
thickness of less than or equal to 0.1 mm.

[0025] The thinning of the glass substrate may comprise: providing a protective layer on the
fingerprint sensor; reducing the thickness of the portion of the glass substrate facing the
fingerprint sensor to less than or equal to 0.1 mm; and removing the protective layer.

[0026] Another embodiment of the present disclosure is a touch screen. The touch
screen may comprise: a glass substrate, a touch sensor disposed on a first portion of the
glass substrate, and a fingerprint sensor disposed on a second protion of the glass

substrate.
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[0027] A thickness of the second portion of the glass substrate facing the fingerprint
sensor may be smaller than a thickness of the first portion of the glass substrate facing the
touch sensor.

[0028] Another embodiment of the present disclosure is a display device. The display device

may comprise a touch screen manufacture according to the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The subject matter which is regarded as the invention is particularly pointed out and
distinctly claimed in the claims at the conclusion of the specification. The foregoing and
other objects, features, and advantages of the invention are apparent from the following
detailed description taken in conjunction with the accompanying drawings in which:

[0030] FIG. 1 is a flowchart of a method of manufacturing a touch screen according to an
embodiment of the present disclosure.

[0031] FIG. 2 is a flowchart of a method of manufacturing a sensor for a touch screen
according to a first embodiment of the present disclsoure.

[0032] FIGS. 3A, 3B, 3D, 3E, and 3F show sectional schematic views of a touch screen
formed according to a first embodiment of the present disclosure.

[0033] F1G. 3C is a top view of FIG. 3B.

[0034] FIG. 4 is a flowchart of a method of manufacturing a sensor for a touch screen
according to a second embodiment of the present disclosure.

[0035] FIGS. 5A, 5B, 5D, 5E, 5F, and 5G show sectional schematic views of a touch screen
formed according to the second embodiment of the present disclosure.

[0036] F1G. 5C is a top view of FIG. 5B.
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DETAILED DESCRIPTION

[0037] Next, the embodiments of the present disclosure will be described clearly and
completely in conjunction with the accompanying drawings, which are described briefly
above. The subject matter of the present disclosure is described with specificity to meet
statutory requirements. However, the description itself is not intended to limit the scope
of this disclosure. Rather, the inventors have contemplated that the claimed subject matter
might also be embodied in other ways, to include different steps or elements similar to the
ones described in this document, in conjunction with other present or future technologies.

[0038] While the present technology has been described in connection with the embodiments
of the various figures, it is to be understood that other similar embodiments may be used
or modifications and additions may be made to the described embodiment for performing
the same function of the present technology without deviating therefrom. Therefore, the
present technology should not be limited to any single embodiment, but rather should be
construed in breadth and scope in accordance with the appended claims. In addition, all
other embodiments obtained by one of ordinary skill in the art based on embodiments
described in this document are considered to be within the scope of this disclosure.

[0039] As shown in FIG. 1, a method of manufacturing a touch screen according to an
embodiment of the present disclosure includes:

[0040] A step S1 of fabricating a sensor: The touch sensor and the fingerprint sensor are
formed concurrently, for example, in parallel and/or simultaneously, on the glass
substrate.

[0041] A step S2 of thinning a fingerprint recognition portion: A portion of the glass
substrate facing the fingerprint sensor is thinned.

[0042] By reducing the thickness of the glass substrate, and thus amplifying the amount of

change in capacitance in the fingerprint recognition module, the method for
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manufacturing a touch screen according to the present disclosure makes it possible to
integrate a fingerprint recognition module into a touch screen. Forming the touch sensor
and the fingerprint sensor concurrently also avoids the conventional requirement of
cutting an opening in the glass substrate in order to embed the fingerprint recognition
module. The present disclosure simplifies the process of manufacturing a touch screen
with integrated fingerprint recognition technology, and reduces the manufacturing costs.

[0043] Improvements in the exposure accuracy of the OGS (One Glass Solution) TP (Touch
Panel) production line generally mean that the high resolution of 0.1 mm can be obtained
without problem. Embodiments of the present disclosure, in which the touch sensor and
the fingerprint sensor are formed concurrently, followed by the thinning of the glass
substrate in the fingerprint recognition portion to a thickness of 0.1 mm or less, enable the
integration of fingerprint recognition technology into OGS TP, without the attendant
complexities and costliness of conventional manufacturing techniques.

[0044] Preferably, the glass substrate is thinned to a thickness of less than or equal to 0.1 mm.
However, the thickness is not particularly limited, and may be any suitable thickness that
does not interfere with fingerprint recognition functions.

[0045] The glass substrate may be thinned by phyiscal or chemical means. Processes such as
physical grinding, chemical etching, and other methods may be used. Further, a single-
sided thinning process or a double-sided thinning process (thinning two OGS substrates
that have been adhered to each other) may be used.

[0046] The step of thinning the fingerprint recognition portion may include:

[0047] providing a protective layer on the fingerprint sensor;

[0048] reducing a thickness of the portion of the glass substrate facing the fingerprint
sensor by physical or chemical means;

[0049] removing the protective layer.
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[0050] As described in detail below by way of specific embodiments, a 5-mask process or a
6-mask process may be used to manufacture a touch screen according to the present
disclosure.

[0051] FIRST EMBODIMENT

[0052] According to a first embodiment, as shown in FIG. 2, the sensor fabrication step S1
may include the following steps.

[0053] First electrode forming step S21: In a first patterning process, a patterned electrode
layer is formed on a glass substrate. More particularly, plurality of touch sensing
electrodes are arranged in a first direction and a plurality of touch control electrodes are
arranged in a second direction on a display portion of the glass substrate. A plurality of
fingerprint recognition control electrodes arranged in the second direction on a fingerprint
recognition portion of the glass substrate. There are no particular imitations on whether
the fingerprint recognition control electrodes or the fingerprint sensing electrodes are
formed in this step. Either the fingerprint recognition control electrodes or the fingerprint
sensing electrodes may be formed in this step. The fingerprint sensing electrodes will be
described in more details below.

[0054] The touch control electrodes intersect the touch sensing electrodes. At a position of
intersection, the touch control electrodes may be discontinuous, for example, so that a
touch sensing electrode may be extended through the opening between two ends of a
discontinuous touch control electrode at the position of discontinuity. However, there are
no particular limitations on whether the touch control electrodes or the touch sensing
electrodes are patterned to be discontinuous at the positions of intersection. Either the
touch control electrodes or the touch sensing electrodes may be made discontinuous, so as
to allow the other electrodes to extend through the openings at the positions of

discontinuity. The electrodes formed in the first patterning process may be made of a



WO 2018/045738 PCT/CN2017/076805

transparent conductive material. Preferably, the electrodes formed in the first patterning
process are composed of the same material.

[0055] Transparent insulating layer forming step S22: In a second patterning process,
insulating layers are formed on the patterned electrode layer. A first transparent insulating
layer is formed, which insulates the touch control electrodes from the touch sensing
electrodes. A second transparent insulating layer covers the fingerprint recognition
portion of the glass substrate. More particularly, the second transparent insulating layer
covers the electrodes formed on the fingerprint recognition portion of the glass substrate
during step S21. The first transparent insulating layer and the second transparent
insulating layer may be a same layer and formed in the second patterning process.

[0056] Metal trace and second electrode forming step S23: In a third patterning process, a
patterned metal layer is formed. A bridge line is formed on the display portion of the
glass substrate, and a plurality of fingerprint sensing electrodes (or fingerprint recognition
control electrodes, if the fingerprint sensing electrodes are previously formed in the first
patterning process in step S21) are arranged in the first direction on the fingerprint
recognition portion of the glass substrate. At a position of intersection between the touch
control electrodes and the touch sensing electrodes, the bridge line connects the two ends
of a discontinuous electrode at the position of discontinuity. The bridge line and the
electrodes formed in the third patterning process may be made of a conductive metal.
Preferably, the bridge line and the electrodes formed in the third patterning process are
composed of the same material,

[0057] In particular, in the first patterning process, the touch sensing electrodes and touch
control electrodes are formed on the display portion of the glass substrate, and either the
fingerprint recognition control electrodes or the fingerprint sensing electrodes are formed

on the fingreprint recognition portion of the glass substrate. Then, in a second patterning
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process, a first transparent insulating layer is formed on the display portion of the glass
substrate, and a second transparent insulating layer is formed on the fingerprint
recognition portion of the glass substrate. In a third patterning process, bridge lines are
formed on the display portion of the glass substrate to connect two ends of the
discontinuous electrodes at the positions of intersection between the touch control
electrodes and the touch sensing electrodes, and the fingerprint sensing electrodes (or the
fingerprint recognition control electrodes, if the fingerprint sensing electrodes are
previoulsy formed first in the first patterning process step S21) are formed on the
fingerprint recognition portion of the glass substrate. The sequence of ptatterning
processes allow the touch sensor and the fingerprint sensor to be formed concurrently, for
example, in parallel and/or simultaneously, on the glass substrate, which in turn simplifies
the manufacturing process and reduces the manufacturing costs.

[0058] In the present disclosure, the first direction may refer to the longitudinal direction and
the second direction to the transverse direction, or vice versa. The touch sensing
electrodes and the touch control electrodes are preferably made of a transparent
conductive material, such as ITO (indium tin oxide), so as to not affect the display
functions of the display portion. Even though the bridge lines formed in the third
patterning process are made of metal, the size of the bridge lines is very small, so as to
have little to no effects on the display functions of the display portion. Further, the
electrodes that are formed on the fingerprint recognition portion of the glass substrate in
the first patterning process, and concurrently with the touch control electrodes and the
touch sensing electrodes, are also preferably made of a transparent conductive material,
and more preferably, the same transparent conductive material as the touch control
electrodes and the touch sensing eclectrodes. The electrodes that are formed on the

fingerprint recognition portion of the glass substrate in the third patterning process are

11
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preferably made of the same metal material as the metal bridge lines. The fingerprint
recognition portion performs the fingerprint recognition functions, so as to be less
concerned with the effects of metal electrodes than electrodes performing the display
functions of the touch screen.

[0059] Prior to the first electrode forming step S21, there may be a partitioning step: A black
matrix is patterned sequentially in a first direction onto the glass substrate, the black
matrix including at least a first black matrix, a second black matrix, and a third black
matrix. An area of the glass substrate between the first black matrix and the second black
matrix is the display portion. An area of the glass substrate between the second black
matrix and the third black matrix is the fingerprint recognition portion

[0060] The first black matrix, the second black matrix, and the third black matrix effectively
function as borders for distinguishing between the display portion and the fingerprint
recognition portion of the touch screen.

[0061] The metal trace and second electrode forming step S23 may further include, in the
third patterning process, forming a peripheral metal trace on the black matrix. More
particularly, a metal trace may be formed along a periphery of each of the display portion
and the fingerprint recognition portion of the glass substrate.

[0062] After the metal trace and second electrode forming step S23, there may be a step of
forming a cover layer: A cover layer is provided on each of the display portion and the
fingerprint recognition portion of the glass substrate. The cover layer does not cover at
least a portion of the peripheral metal trace disposed between the display portion and the
fingerprint recognition portion of the glass substrate, so as to form a bonding area
opening. More particularly, to form the bonding area opening, the cover layer does not
cover at least a portion of the peripheral metal trace formed on the second black matrix.

The cover layer may be made of a transparent insulating material.

12
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[0063] The cover layer protects the touch sensor provided on the display portion of the glass
substrate, and the fingreprint sensor provided on the fingerprint recognition portion of the
glass substrate. The bonding area opening allows the metal trace in the bonding area
opening to be electrically connected to an external circuit, for example, a control IC
(integrated circuit), in order to receive and transmit signals.

[0064] Next, a method of manufacturing the touch panel according to the first embodiment
will be described with reference to FIGS. 3A to 3F.

[0065] A first embodiment of the method for manufacturing the touch screen according to the
present disclosure employs a 5-mask process.

[0066] As shown in FIG. 3A, a black matrix layer is formed on the surface of the glass
substrate 30 to partition the glass substrate into a display portion and a fingerprint
recognition portion.

[0067] On the glass substrate 30, the black matrix layer includes a first black matrix BM1, a
second black matrix BM2, and a third black matrix BM3.

[0068] An area of the glass substrate between the first black matrix BM1 and the second
black matrix BM2 is the display portion. An area of the glass substrate between the
second black matrix BM2 and the third black matrix BM3 is the fingerprint recognition
portion.

[0069] As shown in FIG. 3B, a first pattterning process forms an ITO pattern on the display
portion of the glass substrate, and an ITO pattern on the fingerprint recognition portion.
[0070] In the embodiment of the first patterning process illustrated in FIG. 3B, a plurality of
touch sensing electrodes RX are arranged in the longitudinal direction and a plurality of
touch control electrodes TX are arranged in the transverse direction on the dislay portion
of the glass substrate 30. A plurality of fingerprint recognition control electrodes FIDX

are formed, and arranged in the transverse direction. The touch sensing electrodes RX, the

13
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touch control electrodes TX, and the fingerprint recognition control electrodes FIDX are
made of ITO.

[0071] However, there are no particular limitations on the relative orientation of the touch
sensing electrodes RX and the touch control electrodes TX. There are also no particular
limitations on the order in which the fingerprint recognition control electrodes or the
fingerprint sensing electrodes are formed. That is, either the fingerprint recognition
control electrodes or the fingerprint sensing electrodes may be formed in the first
patterning process.

[0072] In the embodiment illustrated in FIG. 3B, the plurality of touch control electrodes TX
and the plurality of touch sensing electrodes RX intersect each other. At the position of
intersection, the touch sensing electrodes RX are discontinuous, for example, so that a
touch control electrode TX may be extended through the opening between two ends of a
discontinuous touch sensing electrode RX. However, either the touch sensing electrodes
RX or the touch control electrodes TX may be patterned to be discontinuous at the
positions of intersection.

[0073] FIG. 3C is a top view of FIG. 3B. In FIG. 3C, the clectrodes provided on the
fingerprint recognition portion in the first patterning process are not shown. The
fingerprint recognition portion has a small area, so that the electrodes provided on this
portion cannot be clearly drawn in this top view.

[0074] As shown in FIG. 3D, in a second patterning process, a first transparent insulating
layer is formed on the display portion, and a second transparent insulating layer is formed
on the fingerprint recognition portion.

[0075] The first transparent insulating layer TI1 is provided to insulate the touch control
electrodes TX from the touch sensing electrodes RX, so as to partition the touch control

electrodes TX and the touch sensing electrodes RX. The second transparent insulating
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layer TI2 covers the fingerprint recognition control electrodes FIDX (or the fingerprint
sensing electrodes FIIX, if these electrodes are formed instead with the touch control
electrodes TX and the touch sensing electrodes RX in the first patterning process). The
transparent insulating layers may be formed directly on the electrodes.

[0076] As shown in FIG. 3E, a third patterning process forms a metal trace on the display
portion, a metal trace on the fingerprint recognition portion, and a metal pattern of the
fingerprint recognition portion are formed.

[0077] In the embodiment of the third patterning process illustrated in FIG. 3E, a bridge line
MB is formed on the display portion of the glass substrate, and a plurality of fingerprint
sensing electrodes FIIX are formed, in a longitudinal direction, on the fingerprint
recognition portion of the glass substrate 30. Note, however, that the third patterning
process may be used to form the fingerprint recognition control electrodes FIDX instead,
if the fingerprint sensing electrodes FIIX are previously formed in the first patterning step.

[0078] In the embodiment illustrated in FIG. 3E, the bridge line MB connects the two ends of
a discontinuous touch sensing electrode RX at a position of intersection bewteen the
touch sensing electrodes RX and the touch control electrodes TX. However, in the
embodiment where the touch control electrodes TX are discontinuous at the position of
intersection, the bridge lines MB would connect the two ends of the discontinuous touch
control electrodes TX at the positions of discontinuity.

[0079] The bridge line MB and the fingerprint sensing electrodes FIIX (or fingerprint
recognition control electrodes FIDX, if the fingerprint sensing electrodes FIIX are
previously formed in the first patterning process) are made of a conductive metal.

[0080] Also in the third patterning process, a peripheral metal trace MR is formed on the
black matrix. The metal trace MR may be formed along a periphery of each of the display

portion and the fingerprint recognition portion of the glass substrate. The peripheral metal
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trace provided on the first black matrix BM1 and the second black matrix BM2 forms the
peripheral metal trace of the display portion, and the peripheral metal trace provided on
the third black matrix BM3 forms the peripheral metal trace of the fingerprint recognition
portion.

[0081] As shown in FIG. 3F, a cover layer is then formed, and a bonding area opening is
formed.

[0082] A cover layer OC is provided on the display portion of the glass substrate 30 and a
fingerprint recognition portion of the glass substrate 30, respectively. The cover layer OC
does not cover at least a portion of the metal trace MR disposed between the display
portion and the fingerprint recognition portion of the glass substrate, so as to form a
bonding area opening. More particularly, at least a portion of the peripheral metal trace
provided on the second black matrix BM2 is not covered by the cover layer OC.

[0083] The cover layer OC may be an insulating layer, in which case the cover layer OC is
made of a transparent insulating material.

[0084] The cover layer OC protects the touch sensor provided on the display portion and the
fingerprint sensor provided on the fingerprint recognition portion. The bonding area
opening allows the metal trace MR in the bonding area opening to be electrically
connected to an external circuit, for example, a control IC (integrated circuit), in order to

receive and transmit signals.

[0085] SECOND EMBODIMENT

[0086] According to a second embodiment of the present disclosure, as shown in FIG. 4, the
sensor fabrication step S1 comprises the following steps.

[0087] A conductive bridge forming step S41: In a first patterning process, a conductive
bridge layer is formed. A plurality of first conductive bridges are arranged in a first array

on the display portion of the glass substrate. A plurality of second conductive bridges are
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arranged in a second array on the fingerprint recognition portion of the glass substrate.
The first conductive bridges and the second conductive bridges may be made of a
transparent conductive material in the first patterning process.

[0088] An insulating layer forming step S42: In a second patterning process, insulation layers
are formed on the conductive bridge layer. A first transparent insulating layer is disposed
on the first array, and a second transparent insulating layer is disposed on the second
array. The first transparent insulating layer covers only a portion of the first array, and
does not cover an entirety of the first conductive bridges. The second transparent
insulating layer covers only a poartion of the second array, and does not cover an entirety
of the second conductive bridges. The first transparent insulating layer and the second
transparent insulating layer may be made of a transparent insulating material in the
second patterning process.

[0089] An electrode forming step S43: In a third patterning process, a patterned electrode
layer is formed. A plurality of touch sensing electrodes are arranged in a first direction
and a plurality of touch control electrodes are arranged in a second direction on the
display portion of the glass substrate. A plurality of fingerprint sensing electrodes are
arranged in the first direction and a plurality of fingerprint recognition control electrodes
are arranged in the second direction on the fingerprint recognition portion of the glass
substrate.

[0090] In the present disclosure, the first direction may refer to the longitudinal direction and
the second direction to the transverse direction, or vice versa.

[0091] Either the touch control electrodes or the touch sensing electrodes are disposed on the
first transparent insulating layer. The touch control electrodes intersect the touch sensing
electrodes. At a position of intersection, either the touch control electrodes or the touch

sensing electrodes are discontinuous. Two ends of a discontinuous electrode are
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connected to each other at the position of discontinuity via the first array of first
conductive bridges.

[0092] Either the fingerprint recognition control electrodes or fingerprint sensing electrodes
are disposed on the second transparent insulating layer. The fingerprint recognition
control electrodes intersect the fingerprint sensing electrodes. At a position of intersection,
either the fingerprint recognition conrol electrodes or the fingerprint sensing electrodes
are discontinuous. Two ends of a discontinuous electrode at the position of discontinuity
are connected to each other via the second conductive bridges.

[0093] The touch sensing eclectrodes, the touch control electrodes, the fingerprint sensing
electrodes, and the fingerprint recognition control electrodes may be made of a
transparent conductive material.

[0094] Metal electrode forming step S44: In a fourth patterning process, a patterned metal
layer is formed. A metal control electrode is formed on the fingerprint recognition control
electrode on the fingerprint recognition portion of the glass substrate, and a metal sensing
electrode is formed on the fingerprint sensing electrode on the fingerprint recognition
portion of the glass substrate. The metal electrodes may be formed directly on the
electrodes. The pattern of the metal control electrode corresponds to the pattern of the
fingerprint recognition control electrode, and preferably, the patterns are identical. The
pattern of the metal sensing electrode corresponds to the pattern of the fingerprint sensing
electrode, and here also, the patterns are preferably identical.

[0095] The method of manufacturing the touch screen according to the second embodiment
of the present disclosure, as shown in FIG. 4, is described in more detail below.

[0096] First, in the first patterning process, a first array of first conductive bridges are
arranged on the display portion, and a second array of second conductive bridges are

arranged on the fingerprint recognition portion. The first conductive bridges and the
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second conductive bridges are made of transparent conductive material, so that the first
conductive bridges provided on the display portion of the touch screen do not affect the
display functions of the display portion.

[0097] In the second patterning process, a first transparent insulating layer is provided on the
first array of conductive bridges, and a second transparent insulating layer is provided on
the second array conductive bridges.

[0098] In the third patterning process, a plurality of touch sensing electrodes arranged in the
first direction and a plurality of touch control electrodes arranged in the second direction
are formed on the display portion of the glass substrate. Either the touch control
electrodes or the touch sensing electrodes are disposed on the first transparent insulating
layer. The touch sensing electrodes and the touch control electrodes intersect each other.
At positions of intersection, either the touch control electrodes or the touch sensing
electrodes are discontinuous. The two ends of a discontinuous electrode at the position of
discontinuity are connected to each other via the first array of first conductive bridges.

[0099] Preferably, the touch sensing electrodes and the touch control electrodes are made of a
transparent conductive material, so as to not affect the display functions of the display
portion.

[00100] Further, in the third patterning process, the fingerprint sensing electrodes
arranged along a first direction and the fingerprint recognition control electrodes arranged
along a second direction are formed on the fingerprint recognition portion of the glass
substrate.

[00101] Either the fingerprint recognition control electrodes or the fingerprint sensing
electrodes are arranged on the second transparent insulating layer. The fingerprint
recognition control electrodes intersect the fingerprint sensing electrodes. At the position

of intersection, either the fingerprint recognition control electrodes or the fingerprint
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sensing electrodes are discontinuous. The two ends of a discontinuous electrode at the
position of discontinuity are connected to each other via the second conductive bridges.

[00102] The fingerprint sensing electrodes and the fingerprint recognition control
electrodes may be made of a transparent conductive material.

[00103] In the fourth patterning process, a metal control electrode is provided on the
fingerprint recognition control electrode, and a metal sensing electrode is provided on the
fingerprint sensing electrode. The pattern of the metal control electrode preferably
corresponds to the pattern of the fingerprint recognition control electrode, and more
preferably, the patterns are identical. The pattern of the metal sensing electrode preferably
corresponds to the pattern of the fingerprint sensing electrode, and more preferably, the
patterns are identical. The arrangement of the metal control electrode and the metal
sensing electrode is designed to avoid interference with the control and sensing functions
of the fingerprint recognition portion, while at the same time reduce impedance to the
fingerprint recognition portion.

[00104] The metal electrode forming step S44 may further comprise providing, in the
fourth patterning process, a peripheral metal trace along a periphery of each of the display
portion and the fingerprint recognition portion of the glass substrate. Preferably, the
peripheral metral trace is formed on the black matrix.

[00105] In the method for manufacturing a touch screen according to the second
embodiment of the present disclosure, as shown in FIG. 4, the touch control electrodes,
the touch sensing electrodes, the fingerprint recognition control electrodes, and the
fingerprint sensing electrodes can be formed concurrently, for example, in parallel and/or
simultaneously, in the third patterning process. This greatly simplifies the manufacturing

process and reduces the manufacturing costs.
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[00106] Then, in a fourth patterning process, a peripheral metal trace is formed on the
black matrix, concurrently as the metal control electrode and the metal sensing electrode
formed on the fingerprint recognition portion. The pattern of the metal control electrode
corresponds to the pattern of the fingerprint recognition control electrode, and the pattern
of the metal sensing electrode corresponds to the pattern of the fingerprint recognition
sensing electrode. The present disclosure thus makes it possible to reduce impedance in
the fingerprint recognition portion, without affecting the control and sensing functions of
the fingerprint recognition portion.

[00107] Generally, after forming the touch sensor on the display portion, the LCM
(liquid crystal display module) is then formed. This requires that the pattern be visible, so
that in the display portion, ITO or other transparent conductive materials must be used,
and conductive bridges should be made as small as possible to avoid interference with the
display functions of the display portion. However, transparent conductive material tends
to exhibit greater impedance, so that the sensitivity of the touch sensors in the display
portion may be reduced. Meanwhile, display qualities are not a concern with the
fingerprint recognition portion, so that metals can be used to form the fingerprint
recognition control or sensing electrodes. Since metals tend to have a much lower
resistance than transparent conductive materials, the use of metals satisfy the
requirements of the touch sensing functions of the fingerprint recognition portion.

[00108] Prior to the conductive bridge forming step S41, there may be a partitioning
step. A black matrix is patterned sequentially in a first direction onto the glass substrate,
the black matrix including at least a first black matrix, a second black matrix, and a third
black matrix. An area of the glass substrate between the first black matrix and the second
black matrix is the display portion. An area of the glass substrate between the second

black matrix and the third black matrix is the fingerprint recognition portion.
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[00109] The first black matrix, the second black matrix and the third black matrix
effectively function as borders for distinguishing between the display portion and the
fingerprint recognition portion.

[00110] After the metal electrode forming step S44, there may be a step of forming a
cover layer.

[00111] A cover layer may be provided on each of the display portion and the
fingerprint recognition portion of the glass substrate. The cover layer does not cover at
least a portion of the metal trace disposed between the display portion and the fingerprint
recognition portion of the glass substrate, so as to form a bonding area opening for
electrically connecting the portion of the metal trace to an external circuit. More
particularly, the cover layer does not cover at least a portion of the peripheral metal trace
provided on the second black matrix. The cover layer may be made of a transparent
insulating material.

[00112] The cover layer protects the touch sensor provided on the display portion of
the glass substrate, and the fingreprint sensor provided on the fingerprint recognition
portion of the glass substrate. The bonding areca opening allows the metal trace in the
bonding area opening to be electrically connected to an external circuit, such as a control
IC (integrated circuit), in order to receive and transmit signals.

[00113] Next, the method of manufacturing the touch panel according to the second
embodiment will be described with reference to FIGS. 5A to 5G.

[00114] The second embodiment of the method for manufacturing the touch screen
according to the present disclosure employs a 6-mask process.

[00115] As shown in FIG. 5A, a black matrix layer is formed on the surface of the
glass substrate 30 to partition the glass substrate into a display portion and a fingerprint

recognition portion. The black matrix layer includes a first black matrix BM1, a second
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black matrix BM2, and a third black matrix BM3. An area of the glass substrate between
the first black matrix BM1 and the second black matrix BM2 is the display portion. An
area of the glass substrate between the second black matrix BM2 and the third black
matrix BM3 is the fingerprint recognition portion.

[00116] As shown in FIG. 5B, in the first patterning process, a first array of first
conductive bridges BP1 is arranged on the display portion, and a second array of second
conductive bridges BP2 is arranged on the fingerprint recognition portion. Both the first
conductive bridges BP1 and the second conductive bridges BP2 may be made of a
transparent conductive material, so that the first conductive bridges BP1 do not interfere
with the display functions of the display portion. Specifically, the transparent conductive
material may be ITO.

[00117] FIG. 5C is a top view of FIG. 5B. In FIG. 5C, the second conductive bridges
BP2 provided on the fingerprint recognition portion are not shown. The area of the
fingerprint recognition portion is small and the second conductive bridges are more
numerous, so that the second conductive bridges cannot be practically shown in the top
view.

[00118] As shown in FIG. 5D, in the second patterning process, a first transparent
insulating layer TII is provided on the first conductive bridges BPI, and a second
transparent insulating layer TI2 is provided on the second conductive bridges BP2.

[00119] The first transparent insulating layer TI1 does not cover the entire first array of
first conductive bridges BP1, and the second transparent insulating layer TI2 does not
cover the entire second array of second conductive bridges BP2. The first transparent
insulating layer TI1 and the second transparent insulating layers TI2 are made of a

transparent insulating material.
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[00120] The first transparent insulating layer TI1 can function to partition the
subsequently formed touch control electrodes and the touching sensing electrodes, and the
second transparent insulating layer TI2 can function to control the insulation between the
subsequently formed fingerprint recognition control electrodes and the fingerprint sensing
electrodes.

[00121] As shown in FIG. 5E, a third patterning process forms an ITO pattern on the
display portion of the glass substrate, concurrently with an ITO pattern on the fingerprint
recognition portion.

[00122] In the embodiment of the third patterning process illustrated in FIG. 5E, a
plurality of touch sensing electrodes RX arranged in the longitudinal direction and a
plurality of touch touch electrodes TX arranged in the transverse direction are formed on
the display portion of the glass substrate 30. Further, a plurality of fingerprint sensing
electrodes FIIX are formed in the longitudinal direction, and a plurality of fingerprint
recognition control electrodes FIDX are formed in the transverse direction on the
fingerprint recognition portion of the glass substrate 30. However, there are no particular
limitations on the relative orientations of the electrodes.

[00123] In the embodiment illustrated in FIG. 5E, the touch control electrodes TX are
provided on the first transparent insulating layer TI1. However, an embodiment where the
touch sensing electrodes RX, instead of the touch control electrodes TX, are provided on
the first transparent insulating layer TI1 is also possible.

[00124] The plurality of touch control electrodes TX and the plurality of touch sensing
electrodes RX intersect each other. In the embodiment illustrated in FIG. 5E, at a position
of intersection between the touch control electrodes TX and the touch sensing electrodes
RX, the touch sensing eclectrodes RX are discontinuous, and the two ends of a touch

sensing electrode RX at the position of discontinuity are connected to each other via the
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first conductive bridges BP1. However, an embodiment where the touch control
electrodes TX are made discontinuous at the positions of intersection is also possible, and
in such an embodiment, the first conductive bridges BP1 would connect the touch control
electrodes TX.

[00125] In the embodiment illustrated in FIG. 5E, the fingerprint recognition control
electrodes FIDX are provided on the second transparent insulating layer TI2. However, an
embodiment where the fingerprint sensing electrodes FIIX are provided on the second
transparent insulating layer TI2 is also possible.

[00126] The plurality of fingerprint recognition control electrodes FIDX and the
plurality of fingerprint sensing electrodes FIIX intersect each other. In the embodiment
illustrated in FIG. 5E, at a position of intersection between the fingerprint recognition
control electrodes FIDX and the fingerprint sensing electrodes FIIX, the fingerprint
sensing electrodes FIIX are discontinuous, and the two ends of a fingerprint sensing
electrode FIIX at the position of discontinuity are connected to each other via the second
conductive bridges BP2. However, an embodiment where the fingerprint recognition
control electrodes FIDX are made discontinuous at the positions of intersection are also
possible, and in such an embodiment, the fingerprint recognition control electrodes FIDX
would be connected to each other via the second conductive bridges BP2.

[00127] The touch sensing electrodes, the touch control electrodes, the fingerprint
sensing electrodes, and the fingerprint recognition control electrodes may be made of a
transparent conductive material.

[00128] In the present disclosure, the first and second conductive bridges BP1, BP2 are
formed first, and connect the electrodes subsequently formed on the display portion and
the fingerprint recognition portion, respectively, of the glass substrate. The present

disclosure thus makes it possible to form concurrently the touch sensor electrodes RX,
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touch control electrodes TX, fingerprint sensing electrodes FIIX, and fingerprint
recognition control electrode FIDX.

[00129] As shown in FIG. 5F, a fourth patterning process forms a metal trace on the
black matrix layer, and a metal pattern on the fingerprint recognition portion of the glass
substrate.

[00130] In the fourth patterning process, a metal control electrode MDX is disposed on
the fingerprint recognition control electrode FIDX on the fingerprint recognition portion
of the glass substrate 30, and a metal sensing electrode MIX is disposed on the fingerprint
sensing electrode FIIX on the fingerprint recognition portion of the glass substrate 30.
Further, a peripheral metal trace MR is provided on the black matrix BM1, BM2, BM3.
The pattern of the metal control electrode MDX corresponds to the pattern of the
fingerprint recognition control electrode FIDX, and the pattern of the metal sensing
electrode MIX corresponds to the pattern of the fingerprint sensing electrode FIIX.
Preferably, the patterns of the metal control electrodes MDX and the metal sensing
electrodes MIX are identical to the patterns of the fingerprint recognition control
electrode FIDX and the fingerprint sensing electrode FIIX, respectively.

[00131] Further, the peripheral metal trace MR provided on the first black matrix BM1
and the second black matrix BM2 forms the peripheral metal trace of the display portion,
and the peripheral metal trace provided on the third black matrix BM3 forms the
peripheral metal trace of the fingerprint recognition portion.

[00132] As shown in FIG. 5G, a cover layer OC is provided on the display portion of
the glass substrate 30 and a fingerprint recognition portion of the glass substrate 30,
respectively. The cover layer OC does not cover at least a portion of the peripheral metal
trace MR disposed between the display portion and the fingerprint recognition portion, so

as to form a bonding area opening. More particularly, at least a portion of the peripheral
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metal trace MR provided on the second black matrix BM2 is not covered by the cover

layer OC.
[00133] The cover layer OC is made of a transparent insulating material.
[00134] The cover layer OC protects the touch sensor provided on the display portion

and the fingerprint sensor provided on the fingerprint recognition portion. The bonding
area opening allows the metal trace MR in the bonding area opening to be electrically
connected to a control IC (integrated circuit), in order to receive and transmit signals.

[00135] Next, the touch display panel according to the present disclosure will be
described. In one embodiment, the touch display panel comprises a glass substrate, a
touch sensor, and a fingerprint sensor, the touch sensor and the fingerprint sensor having
been concurrently formed on the glass substrate.

[00136] The thickness of a portion of the glass substrate facing the fingerprint sensor is
smaller than a thickness of a portion of the glass substrate facing the touch sensor.
Preferably, the thickness of the portion of the glass substrate facing the fingerprint sensor
is less than or equal to 0.1 mm.

[00137] In a first embodiment, the touch sensor includes:

[00138] a plurality of touch sensing electrodes arranged in a first direction on a display
portion of the glass substrate;

[00139] a plurality of touch control electrodes arranged in a second direction on the
display portion of the glass substrate, the plurality of touch control electrodes intersecting
the plurality of touch sensing electrodes, and at a position of intersection, either the touch
control electrodes or the touch sensing electrodes are discontinuous;

[00140] a first transparent insulating layer on the touch control electrodes and the
touch sensing electrodes, which insulates the touch control electrodes from the touch

sensing electrodes; and,
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[00141] a bridge line disposed on the display portion of the glass substrate, which
connects the two ends of a discontinuous electrode at the position of discontinuity.

[00142] The touch control electrodes and the touch sensing electrodes may be made of
a transparent conductive material. The bridge line may be made of a conductive metal.

[00143] The fingerprint sensor includes at least the following:

[00144] a plurality of first electrodes arranged in the second direction on a fingerprint
recognition portion of the glass substrate;

[00145] a second transparent insulating layer on the first electrodes; and,

[00146] a plurality of second electrodes arranged in the first direction on the
fingerprint recognition portion of the glass substrate.

[00147] The first electrodes may be made of a transparent conductive material. The
second electrodes may be made of a conductive metal.

[00148] The first electrodes and the second electrodes may be fingerprint recognition
control electrodes and the fingerprint sensing electrodes, or vice versa. There are no
particular limitations on the order in which the fingerprint recognition control electrodes
and the fingerprint sensing electrodes are formed.

[00149] In a second embodiment, the touch sensor includes:

[00150] a first array of first conductive bridges provided on a display portion of the
glass substrate, the first conductive bridges being made of a transparent conductive
material;

[00151] a first transparent insulating layer disposed on the first conductive bridges, the
first transparent insulating layer not covering an entirety of the first conductive bridges,
the first transparent insulating layer being made of a transparent insulating material; and,

[00152] a plurality of touch sensing electrodes arranged in a first direction and a

plurality of touch control electrodes arranged in a second direction on the display portion
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of the glass substrate. Either the touch control electrodes or the touch sensing electrodes
are disposed on the first transparent insulating layer.

[00153] The touch control electrodes intersect the touch sensing electrodes. At a
position of intersection, either the touch control electrodes or the touch sensing electrodes
are discontinuous, and the two ends of a discontinuous electrode at the position of
discontinuity are connected to each other via the first conductive bridges. The touch

sensing electrodes and the touch control electrodes are made of a transparent conductive

material.
[00154] The fingerprint sensor includes:
[00155] a first array of second conductive bridges provided on a fingerprint

recognition portion of the glass substrate, the second conductive bridges being made of a
transparent conductive material;

[00156] a second transparent insulating layer disposed on the second conductive
bridges, the second transparent insulating layer being made of a transparent insulating
material; and

[00157] a plurality of fingerprint sensing electrodes arranged in a first direction and a
plurality of fingerprint recognition control electrodes arranged in a second direction on
the fingerprint recognition portion of the glass substrate. Either the plurality of fingerprint
recognition control electrodes or the fingerprint sensing electrodes are disposed on the
second transparent insulating layer.

[00158] The fingerprint recognition control electrodes intersect the fingerprint sensing
clectrodes. At a position of intersection, either the fingerprint recognition control
electrodes or the fingerprint sensing electrodes are discontinuous, and the two ends of a

discontinuous electrode at the position of discontinuity are connected to each other via the
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second conductive bridges. The fingerprint sensing electrodes and the fingerprint
recognition control electrodes are made of a transparent conductive material.

[00159] The fingerprint sensor further includes a metal control electrode disposed on
the fingerprint recognition control electrode o, and a metal sensing electrode disposed on
the fingerprint sensing electrode. The pattern of the metal control electrode corresponds
to the pattern of the fingerprint recognition control electrode. Preferably, the pattern of
the metal control electrode is identical to the pattern of the fingerprint recognition control
electrode. The pattern of the metal sensing electrode corresponds to the pattern of the
fingerprint sensing electrode. Preferably, the pattern of the metal sensing electrode is
identical to the pattern of the fingerprint sensing electrode.

[00160] An embodiment of the present disclosure also provides a display device
including the touch screen described above.

[00161] The present disclosure provides a method of making a touch screen with
fingerprint recognition functionalities, which simplifies the manufacturing process and
reduces the manufacturing costs. The present disclosure also provides a touch screen with
fingerprint recognition functionalities, and a display device comprising the touch screen.
The present disclosure improves on the existing methods of manufacturing a touch screen,
and in particular a touch screen having fingerprint recognition functionalities. At least in
some embodiments of the present invention, a touch sensor for a capacitive-type touch
screen, including mutual-capacitance touch screens, is formed on a glass substrate
concurrently as a fingerprint sensor for a capacitive-type fingerprint recognition module,
including mutual-capacitance fingerprint recognition. The glass substrate is then thinned
to reduce its thickness, which makes it possible to design a fingerprint recognition module
in which changes in capacitance in the fingerprint recognition module can be amplified.

The present disclosure thus makes it possible to design a fingerprint recognition module
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that can be integrated into a touch screen. By concurrently forming the touch sensor and
the fingerprint sensor, for example, in parallel and/or simultancously, the present
disclosurealso avoids the conventional, inefficient, and complicated process of forming an
opening in the glass substrate in order to embed the fingerprint recognition module into
the glass subtrate. The present disclosure simplifies the process of manufacturing a touch
screen with integrated fingerprint recognition technology, and reduce the manufacturing
costs.

[00162] The descriptions of the various embodiments of the present disclosure have
been presented for purposes of illustration, but are not intended to be exhaustive or
limited to the embodiments disclosed. Many modifications and variations will be apparent
to those of ordinary skill in the art without departing from the scope and spirit of the
described embodiments. The terminology used herein was chosen to best explain the
principles of the embodiments, the practical application or technical improvement over
technologies found in the marketplace, or to enable others of ordinary skill in the art to

understand the embodiments disclosed herein.
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CLAIMS

What is claimed is:

1. A method of manufacturing a touch screen, comprising:

forming a patterned electrode layer on a glass substrate,

forming an insulating layer on the patterned electrode layer, and

forming a patterned metal layer covering the insulating layer and the patterned
electrode layer,

wherein the patterned electrode layer, the insulating layer and the patterned

metal layer form a touch sensor and a fingerprint sensor.

2. The method according claim 1,

wherein the touch screen comprises a display portion and a fingerprint
recognition portion,

wherein the patterned electrode layer comprises a plurality of first electrodes
forming the touch sensor on a portion of the glass substrate in the display portion, and
a plurality of second electrodes forming a first component of the fingerprint sensor on
a portion of the glass substrate in the fingerprint recognition portion, and

wherein the patterned metal layer comprises a plurality of metal bridges for
connecting the first electrodes, and a plurality of metal electrodes forming a second

component of the fingerprint sensor.

3. The method according to claim 2,
wherein the plurality of first electrodes comprise a plurality of touch sensing
electrodes arranged in a first direction, and a plurality of touch control electrodes

arranged in a second direction, and
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wherein the plurality of touch sensing eclectrodes intersect the plurality of
touch control electrodes, and one of the plurality of touch sensing electrodes and the

plurality of touch control electrodes are discontinuous at positions of intersection.

4. The method according to claim 2 or 3,
wherein the plurality of second electrodes comprise a plurality of fingerprint
sensing electrodes and the plurality of metal electrodes comprise a plurality of

fingerprint recognition control electrodes.

5. The method according to any of claims 3 to 4,
wherein each of the plurality of metal bridges is formed on the first electrodes,
so as to connect two ends of discontinuous one of touch sensing electrode and touch

sensing electrode at a position of intersection.

6. The method according to any of claims 2 to 5,
wherein the plurality of first electrodes and the plurality of second electrodes

are composed of a transparent conductive material.

7. The method according to any of claims 2 to 6, further comprising, before
the forming of the patterned electrode layer, forming a black matrix pattern on the
glass substrate, the black matrix pattern comprising a first black matrix, a second
black matrix, and a third black matrix arranged consecutively, so that an area of the
glass substrate between the first black matrix and the second black matrix defines the
display portion, and an area of the glass substrate between the second black matrix

and the third black matrix defines the fingerprint recognition portion.
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8. The method according to any of claims 2 to 7, wherein the patterned metal
layer further comprises a metal trace formed along at least a portion of a periphery of

each of the display portion and the fingerprint recognition portion.

9. The method according to claim 8, further comprising forming a cover layer,
wherein the cover layer does not cover at least a portion of the metal trace, so as to
form a bonding area opening for electrically connecting the portion of the metal trace

to an external circuit.

10. The method according to claim 1,

wherein the touch screen comprises a display portion and a fingerprint
recognition portion,

wherein before forming a patterned electrode layer on a glass substrate, the
method further comprises:

forming a conductive bridge layer on the glass substrate, the conductive bridge
layer comprising a first array of first conductive bridges arranged on a portion of the
glass substrate in the display portion, and a second array of second conductive bridges
on a portion of the glass substrate in the fingerprint recognition portion, and

forming an insulation layer on the conductive bridge layer,

wherein the patterned electrode layer comprises a plurality of first electrodes
forming a touch sensor in the display portion, and a plurality of second electrodes
forming a fingerprint sensor in the fingerprint recognition portion, and

wherein the patterned metal layer comprises a metal electrode layer formed on

the plurality of second electrodes.
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11. The method according to claim 10,

wherein the first electrodes comprise a plurality of touch sensing electrodes
arranged in a first direction, and a plurality of touch control electrodes arranged in a
second direction, and

wherein the plurality of touch sensing eclectrodes intersect the plurality of
touch control electrodes, and one of the plurality of touch sensing electrodes and the
plurality of touch control electrodes are discontinuous at positions of intersection,
cach of the first conductive bridges connecting two ends of discontinuous one of

touch sensing electrode and touch control electrode at a position of intersection.

12. The method according to claim 10 or 11, wherein the plurality of second
electrodes comprise a plurality of fingerprint sensing electrodes arranged in a first
direction, and a plurality of fingerprint recognition control electrodes arranged in a
second direction, and

wherein the plurality of fingerprint sensing electrodes intersect the plurality of
fingerprint recognition control electrodes, and one of the plurality of fingerprint
sensing electrodes and the plurality of fingerprint recognition control electrodes are
discontinuous at positions of intersection, each of the second conductive bridges
connecting two ends of discontinuous one of touch sensing electrode and touch

control electrode at a position of intersection.

13. The method according to any of claims 10 to 12, wherein the patterned
metal layer further comprises a metal trace formed along a periphery of each of the

display portion and the fingerprint recognition portion of the glass substrate.
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14. The method according to any of claims 10 to 13, further comprising,
before the forming of the conductive bridge layer, forming a black matrix pattern on
the glass substrate, the black matrix pattern comprising a first black matrix, a second
black matrix, and a third black matrix arranged consecutively, so that an area of the
glass substrate between the first black matrix and the second black matrix defines the
display portion of the glass substrate, and an area of the glass substrate between the
second black matrix and the third black matrix defines the fingerprint recognition

portion of the glass substrate.

15. The method according to claim 13, further comprising forming a cover
layer, wherein the cover layer does not cover at least a portion of the metal trace, so as
to form a bonding area opening for electrically connecting the portion of the metal

trace to an external circuit.

16. The method according to any of claims 1 to 15, further comprising
thinning a portion of the glass substrate facing the fingerprint sensor to a thickness of

less than or equal to 0.1 mm.

17. The method according to claim 16, wherein the thinning of the glass
substrate comprises:

providing a protective layer on the fingerprint sensor;

reducing the thickness of the portion of the glass substrate facing the
fingerprint sensor to less than or equal to 0.1 mm; and

removing the protective layer.
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18. A touch screen, comprising;:
a glass substrate,

a touch sensor disposed on a first portion of the glass substrate, and
a fingerprint sensor disposed on a second portion of the glass substrate,
wherein a thickness of the second portion of the glass substrate facing the

fingerprint sensor is smaller than a thickness of the first portion of the glass substrate

facing the touch sensor.

19. A display device, comprising a touch screen manufactured according to

the method of any of claims 1 to 17.
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FIG. 1

Forming a touch sensor and a
fingerprint sensor concurrently on [ \_~
a glass substrate

S1

Thinning a portion of the glass
substrate facing the fingerprint P \_”
sensor

S2

FIG. 2

FIRST ELECTRODE FORMING STEP: (1) Touch sensing
electrodes are formed in a first direction on the display
portion of the glass substrate; (2) Touch control
electrodes are formed in a second direction on the
display portion of the glass substrate; (3) Fingerprint
recognition control electrodes (or fingerprint sensing
electrodes) are formed in the second direction on the
fingerprint recognition portion of the glass substrate

A 4

TRANSPARENT INSULATING LAYER FORMING STEP: (1) A
first transparent insulating layer is formed on the display

portion of the glass substrate; (2) A second transparent |/ \_~ 522
insulating layer is formed on the fingerprint recognition
portion of the glass substrate
METAL TRACE AND SECOND ELECTRODE FORMING STEP:
(1) Bridge lines are formed on the display portion of the 523

glass substrate; (2) Fingerprint sensing electrodes {(or |\ _~
fingerprint recognition control electrodes) are formed
on the fingerprint recognition portion of the glass
substrate
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FIG. 4

CONDUCTIVE BRIDGE FORMING STEP: (1) First
conductive bridges are arranged in a first array on the
display portion of the glass substrate; (2) Second N 541
conductive bridges are arranged in a second array on the
fingerprint recognition portion of the glass substrate

¥
TRANSPARENT INSULATING LAYER FORMING STEP: (1) A
first transparent insulating layer is formed on the first S42
array; (2) A second transparent insulating layer is formed

on the second array
!
ELECTRODE FORMING STEP: (1) Electrodes are formed
on the display portion of the glass substrate; (2) A~ 543
Electrodes are formed on the fingerprint recognition
portion of the glass substrate

¥
METAL ELECTRODE FORMING STEP: Metal electrodes are saa
formed on the electrodes on the fingerprint recognition NS
portion of the glass substrate

FIG. 5A

BM2

BM 11— A___—é—‘BMB

<—30

5/8



WO 2018/045738 PCT/CN2017/076805

FIG. 58

BM2
BM1—>] [ | B BM3
<—30

BP1 BP2

FIG. 5C
/ A)(Dispﬁay portion
BP1
L Fingerprint
] recognition portion

6/8



WO 2018/045738

FIG. 5D

(LI

BMZLT__I]H]IW i

PCT/CN2017/076805

BP1

FIG. 5E

RX X RX

/ -/

BM1—>] N

AN

FIIX FIDX FIIX

/

BM3

<—30

/

BP1

A

TI1 BM2 BP2 TI2

7/8



WO 2018/045738 PCT/CN2017/076805

FIG. 5F MR
MIX MDX MIX MR
TX  RX /
i \\ < B3

<—30

AR

Til  BM2 FIX BP2 TI2 FIDX FIIX

0cC
FIG. 5G MR
RX TX RX MIX MDX MIX MR
[/
T “/
= g EF\ X \ \ :
BM1—>j . < BIVI3
<—3()

/ ANEARR

BP1 TI1 BM2 FIX BP2 TIZ FIDX FHX

8/8



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2017/076805

A. CLASSIFICATION OF SUBJECT MATTER

GOG6F 3/041(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO6F; GO6K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPI, EPODOC, CPRS, CNKI:

touch, screen, panel, manufacture, fabricate, fingerprint, electrode, pattern concurrent,

simultaneous, parallel, integrate, bridge, layer, substrate, glass, insulate, thick, thin, groove, flute

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

PX
21)

the whole document

CN 106249961 A (BOE TECHNOLOGY GROUP CO., LTD.)21 December 2016 (2016-12-

1-19

CN 105138958 A (LENOVO BEIJING CO., LTD.) 09 December 2015 (2015-12-09)
description paragraphs [0058]-[0077] and figures 1-3

the whole document

CN 105138958 A (LENOVO BEIJIING CO., LTD.) 09 December 2015 (2015-12-09)

description,

CN 104932748 A (NANCHANG OUFEI BIOLOGY IDENTIFICATION TECHNOLOGY
CO., LTD.ET AL.)23 September 2015 (2015-09-23)

paragraphs[0026]-[0066] and figures 1-3

19, 16-17, 19

the whole document

CN 104932748 A (NANCHANG OUFEI BIOLOGY IDENTIFICATION TECHNOLOGY
CO., LTD.ET AL.)23 September 2015 (2015-09-23)

CN 105511661 A (TPK TECHNOLOGY XIAMEN CO., LTD.)20 April 2016 (2016-04-20)
description paragraphs [0077]-[0107] and figures 1-14

Further documents are listed in the continuation of Box C.

See patent family annex.

*  Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E» earlier application or patent but published on or after the international
filing date

“[” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“p” document published prior to the international filing date but later than

the priority date claimed

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

wp

“x

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

wy»

“&” document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

03 June 2017 13 June 2017
Name and mailing address of the ISA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing ZHANG,Yan

100088
China

Facsimile No. (86-10)62019451

Telephone No. (86-10)62411679

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

PCT/CN2017/076805
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A EP 3051393 A1 (YANG HEUI BONG) 03 August 2016 (2016-08-03) 1-19
the whole document

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members

PCT/CN2017/076805
. Patf:nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 106249961 A 21 December 2016 None
CN 105138958 A 09 December 2015 us 2017032164 Al 02 February 2017
CN 104932748 A 23 September 2015 None
CN 105511661 A 20 April 2016 CN 204557433 U 12 August 2015
JP 2016143420 A 08 August 2016
JP 6111352 B2 05 April 2017
KR 20160095619 A 11 August 2016
™ 201621582 A 16 June 2016
™ 1571780 B 21 February 2017
™ 201621578 A 16 June 2016
us 2016224142 Al 04 August 2016
™ MS11076 U 21 October 2015
™ M517366 U 11 February 2016
EP 3051393 Al 03 August 2016 KR 101536236 Bl 14 July 2015
EP 3051393 A4 16 November 2016
us 2016306459 Al 20 October 2016
KR 20150065138 A 12 June 2015
WO 2015083959 Al 11 June 2015

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - wo-search-report
	Page 48 - wo-search-report
	Page 49 - wo-search-report

