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Devices, systems, and techniques are provided for integrating
a touch screen with a fingerprint detection module as an
assembly for a mobile device. The integrated touch screen/
fingerprint sensor assembly includes at least two glass layers
bonded together to provide overall mechanical strength for
the touch screen display. The upper glass layer is a toughened/
hardened cover glass that does not have an opening for fitting
the fingerprint detection module through this glass layer. The
lower glass layer is a support glass layer underneath the
hardened cover glass to provide additional mechanical
strength and to include an opening at a location close to anend
of'the support glass layer. The integrated touch screen/finger-
print sensor assembly also includes a fingerprint detection
module positioned within the opening of the support glass
layer and directly underneath the hardened cover glass.
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INTEGRATION OF TOUCH SCREEN AND
FINGERPRINT SENSOR ASSEMBLY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This patent document claims the benefit of priority
of U.S. Provisional Patent Application No. 62/021,632, filed
on Jul. 7, 2014. The entire content of the before-mentioned
patent application is incorporated by reference as part of the
disclosure of this document.

TECHNICAL FIELD

[0002] This patent document relates to touch screen
devices and technologies.

BACKGROUND

[0003] Users of portable computing devices, such as lap-
tops, tablets, smartphones, and gaming systems routinely
employ owner authentications on their devices to protect
personal data and prevent unauthorized access. To meet the
growing security and privacy needs of the users, owner
authentication of an electronic device may be carried out
through one or multiple forms of biometric identifiers, which
can be used in addition to conventional password authentica-
tion methods. A popular form of biometric identifiers is a
person’s fingerprint pattern. A fingerprint sensor can be built
into the electronic device to read a person’s fingerprint pattern
so that the device can only be unlocked by the device owner
through authentication of an authorized person’s fingerprint
pattern. Notably, a fingerprint sensor can be built into a smart-
phone with a touch screen so that a screen-locked smartphone
can be unlocked by simply touching a button with a finger
without entering a passcode.

SUMMARY

[0004] This patent document discloses devices and tech-
niques that integrate a fingerprint detection module and a
touch screen structure, including devices, systems, and tech-
niques that physically integrates a touch screen and a finger-
print detection module as an assembly for various devices
including a mobile device or a portable device. The integrated
touch screen/fingerprint sensor assembly includes at least two
glass layers bonded together to provide overall mechanical
strength for the touch screen display. The upper glass layer is
atoughened/hardened cover glass that does not have an open-
ing for fitting the fingerprint detection module through this
glass layer. The lower glass layer is a support glass layer
underneath the hardened cover glass to provide additional
mechanical strength. Moreover, the support glass layer
includes an opening atalocation close to an end of the support
glass layer. The integrated touch screen/fingerprint sensor
assembly also includes a fingerprint detection module posi-
tioned within the opening of the support glass layer and
directly underneath the hardened cover glass. The integrated
touch screen/fingerprint sensor assembly also includes a fin-
gerprint sensor mark formed on the surface of the hardened
cover glass and located directly above the fingerprint detec-
tion module to indicate the position of the fingerprint detec-
tion module. The proposed screen/fingerprint sensor assem-
bly eliminates the large through-hole in the hardened cover
glass at the fingerprint sensor location, thereby improving the
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device appearance and fingerprint sensor performance and
reliability, saving space, and greatly reducing the manufac-
turing cost.

[0005] In one aspect, a touch screen/fingerprint sensor
assembly is provided to include a touch screen panel and a
fingerprint sensor displaced from and near the touch screen
panel; a hardened cover glass located on top of the touch
screen/fingerprint sensor assembly to have a spatially con-
tiguous glass surface to fully cover both the touch screen
panel and a fingerprint sensor displaced from and near the
touch screen panel; and a support glass layer underneath the
hardened cover glass and including an opening through the
support glass layer. The hardened cover glass and the support
glass layer are bonded to provide a desired mechanical
strength for the touch screen assembly. The fingerprint sensor
is positioned within the opening of the support glass layer and
directly underneath the hardened cover glass to sense a con-
tact by an object, such as a finger, through the hardened cover
glass.

[0006] In another aspect, a touch screen/fingerprint sensor
assembly for a mobile device includes a hardened cover glass
atthe top of the touch screen/fingerprint sensor assembly. The
touch screen/fingerprint sensor assembly also includes a sup-
port glass layer underneath the hardened cover glass to
include an opening. The hardened cover glass and the support
glass layer are bonded to provide required mechanical
strength for the touch screen/fingerprint sensor assembly. The
touch screen/fingerprint sensor assembly additionally
includes a fingerprint detection module positioned within the
opening of the support glass layer and directly underneath the
hardened cover glass.

[0007] In some implementations, the touch screen/finger-
print sensor assembly also includes a fingerprint sensor mark
formed on the surface of the hardened cover glass and located
directly above the fingerprint detection module to indicate the
position of the fingerprint detection module.

[0008] In another aspect, a touch screen electronic device
integrated with a fingerprint detection mechanism includes a
frame, and a touch screen/fingerprint sensor assembly sur-
rounded and secured by the frame. The touch screen/finger-
print sensor assembly further includes: hardened cover glass
at the top of the touch screen/fingerprint sensor assembly and
for receiving contact by an object; a support glass layer under-
neath the hardened cover glass and including an opening
through the support glass layer, wherein the hardened cover
glass and the support glass layer are bonded to provide
required mechanical strength for the touch screen assembly;
and a fingerprint detection module positioned within the
opening of the support glass layer and directly underneath the
hardened cover glass. The touch screen electronic device also
includes a main circuit board between the touch screen/fin-
gerprint sensor assembly and the back cover of the frame.

[0009] In yet another aspect, a technique for assembling a
touch screen/fingerprint sensor assembly includes the steps
of: preparing a hardened cover glass without forming an
opening for accommodating an fingerprint detection module;
preparing a support glass layer by forming an opening for
accommodating an fingerprint detection module; bonding the
hardened cover glass and the support glass layer, wherein the
hardened cover glass and the support glass layer collectively
provide required mechanical strength for the touch screen
assembly; and placing a fingerprint detection module within
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the opening of the support glass layer and attaching the fin-
gerprint detection module directly underneath the hardened
cover glass.

[0010] The above and other aspects and their implementa-
tions are described in greater detail in the attached drawings,
the description and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 shows a schematic in a cross-sectional view
of' a mobile device 100 equipped with a touch screen and a
fingerprint sensor.

[0012] FIG.2A shows schematics of a touch screen assem-
bly integrated with a fingerprint detection module for various
devices including a mobile device or a portable device based
on the technology disclosed in this document.

[0013] FIG. 2B shows a zoom in view of the region in FIG.
2A indicated by the circle that includes the opening and the
fingerprint sensor module in accordance with some embodi-
ments described herein.

[0014] FIG. 2C shows a schematic in a top view of finger-
print sensor module 212 in accordance with some embodi-
ments described herein.

[0015] FIG. 2D shows an exemplary implementation of
touch screen/fingerprint sensor assembly wherein the metal
ring 228 in FIG. 2B is reconfigured as a conductive film.
[0016] FIG.3A shows both a top view and a side view of an
exemplary implementation of the hardened cover glass in a
touch screen/fingerprint sensor assembly.

[0017] FIG. 3B shows both a top view and a side view of an
exemplary implementation of the support glass layer in a
touch screen/fingerprint sensor assembly.

[0018] FIGS. 4A-4B show a top view and a side (cross-
sectional) view of an exemplary implementation of a simpli-
fied hardened cover glass in a touch screen assembly, a fin-
gerprint sensor assembly, or an integrated touch screen and
fingerprint sensor assembly.

[0019] FIG. 5 shows a top-down view schematic of a
mobile device (e.g., a smartphone, a tablet) equipped with an
integrated touch screen/fingerprint sensor assembly in accor-
dance with some embodiments described herein.

[0020] FIG. 6 illustrates ae concept of using an integrated
touch screen/fingerprint sensor assembly for fingerprint
authentication in accordance with some embodiments
described herein.

[0021] Similar reference numbers represent similar com-
ponents throughout the figures.

DETAILED DESCRIPTION

[0022] Electronic devices including mobile devices such as
smartphones, tablets, and notebook computers equipped with
fingerprint authentication mechanisms are becoming a com-
monplace. More users will eventually acquire mobile devices
equipped with fingerprint detection capabilities. Currently,
some mobile devices equipped with both a touch screen dis-
play and a fingerprint detection module physically separate
the touch screen area and the fingerprint detection module in
different regions of the device surface. Moreover, the finger-
print detection module is placed on the device surface by
fitting inside a through-hole in the cover glass. This design
requires that the cover glass to be relatively thick and the hole
to be highly precise with very little manufacturing tolerance.
The appearance of the fingerprint detection module that
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resembles a mechanical button does not have visual appeal to
users who are used to touch screen devices without a
mechanical button.

[0023] Embodiments described in this document provide
devices, systems, and techniques that physically integrate a
touch screen with a fingerprint detection module as an assem-
bly for a mobile device. The integrated touch screen/finger-
print sensor assembly includes at least two glass layers
bonded together to provide overall mechanical strength for
the touch screen display. The upper glass layer is a toughened/
hardened cover glass that does not have an opening for fitting
the fingerprint detection module through this glass layer. The
lower glass layer is a support glass layer underneath the
hardened cover glass to strengthen the overall mechanical
structure of the touch screen-fingerprint sensor assembly.
Moreover, the support glass layer includes an opening at a
location close to an end of the support glass layer. The inte-
grated touch screen/fingerprint sensor assembly also includes
a fingerprint detection module positioned within the opening
of the support glass layer and directly underneath the hard-
ened cover glass. The integrated touch screen/fingerprint sen-
sor assembly also includes a fingerprint sensor mark formed
onthe surface of the hardened cover glass and located directly
above the fingerprint detection module to indicate the posi-
tion of the fingerprint detection module. This design of the
integrated screen/fingerprint sensor assembly eliminates the
large through-hole in the hardened cover glass at the finger-
print sensor location, thereby improving the device appear-
ance and fingerprint sensor performance and reliability, sav-
ing space, and greatly reducing the manufacturing cost.

[0024] In one aspect, a touch screen/fingerprint sensor
assembly for a mobile device includes a hardened cover glass
atthe top of the touch screen/fingerprint sensor assembly. The
touch screen/fingerprint sensor assembly also includes a sup-
port glass layer underneath the hardened cover glass to
include an opening. The hardened cover glass and the support
glass layer are bonded to provide required mechanical
strength for the touch screen/fingerprint sensor assembly. The
touch screen/fingerprint sensor assembly additionally
includes a fingerprint detection module positioned within the
opening of the support glass layer and directly underneath the
hardened cover glass.

[0025] In some implementations, the touch screen/finger-
print sensor assembly also includes a fingerprint sensor mark
formed on the surface of the hardened cover glass and located
directly above the fingerprint detection module to indicate the
position of the fingerprint detection module.

[0026] In another aspect, a touch screen electronic device
integrated with a fingerprint detection mechanism includes a
frame, and a touch screen/fingerprint sensor assembly sur-
rounded and secured by the frame. The touch screen/finger-
print sensor assembly further includes: hardened cover glass
at the top of the touch screen/fingerprint sensor assembly and
for receiving contact by an object; a support glass layer under-
neath the hardened cover glass and including an opening
through the support glass layer, wherein the hardened cover
glass and the support glass layer are bonded to provide
required mechanical strength for the touch screen assembly;
and a fingerprint detection module positioned within the
opening of the support glass layer and directly underneath the
hardened cover glass. The touch screen electronic device also
includes a main circuit board between the touch screen/fin-
gerprint sensor assembly and the back cover of the frame.
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[0027] In yet another aspect, a technique for assembling a
touch screen/fingerprint sensor assembly includes the steps
of: preparing a hardened cover glass without forming an
opening for accommodating an fingerprint detection module;
preparing a support glass layer by forming an opening for
accommodating an fingerprint detection module; bonding the
hardened cover glass and the support glass layer, wherein the
hardened cover glass and the support glass layer collectively
provide required mechanical strength for the touch screen
assembly; and placing a fingerprint detection module within
the opening of the support glass layer and attaching the fin-
gerprint detection module directly underneath the hardened
cover glass.

[0028] FIG. 1 shows a schematic in a cross-sectional view
of' a mobile device 100 equipped with a touch screen and a
fingerprint sensor. The mobile device 100 includes a tough-
ened or “hardened” cover glass 102 that is a spatially con-
tiguous piece and covers the entire surface of the mobile
device. Hardened cover glass 102 includes a capacitive touch
area 104 that occupies a major part of the surface area of the
mobile device 100 and that provides the touch sensitive sur-
face due to presence of an underlying touch screen display
assembly. Specifically, capacitive touch area 104 is posi-
tioned over a thin glass/film layer 106 and an LCD display
module 108 to form the touch screen display assembly,
wherein the thin glass/film layer 106 underneath the capaci-
tive touch area 104 of the hardened cover glass 102 is in
contact with the capacitive touch area 104 to receive contact
for capacitive touch sensing. More specifically, one or both
surfaces of the thin glass/film layer 106 are coated with pat-
terned indium tin oxide (ITO) layer to enable capacitive touch
sensing functions. Note that hardened cover glass 102 is
designed to provide the mechanical support for and the
desired mechanical strength to the touch screen structure.

[0029] Hardened cover glass 102 includes an opening 110
at a location outside capacitive touch area 104 to fit a finger-
print detection module 112 through. This fingerprint detec-
tion module 112 includes a top fingerprint sensing surface
that fits in the opening 110 and operates based on direct
touching of the top sensing surface by a finger for sensing the
fingerprint on the touched portion. The surface of the finger-
print detection module 112 is exposed through the opening
110 for receiving direct contact of a finger. Opening 110 may
be located near an edge of hardened cover glass 102. Making
such an opening 110 through the relatively thick (e.g., 550
um-750 pm) cover glass requires very high precision and can
have negative impact on the manufacturing yield. In some
embodiments, opening 110 is formed in a cover glass prior to
the hardening process to produce the hardened cover glass
102.

[0030] FIG.2A shows schematics of a touch screen assem-
bly integrated with a fingerprint detection module for various
devices including a mobile device or a portable device based
on the technology disclosed in this document. Different from
the design in FIG. 1, the top hardened cover glass does not
have an opening to expose the top fingerprint sensing surface.
Instead, the fingerprint sensor is entirely hidden below the top
hardened cover glass without being directly exposed through
an opening and is designed to sense a fingerprint of a finger
without being directly in contact with the finger. More spe-
cifically, FIG. 2A shows a schematic in a cross-sectional view
of a touch screen assembly 200 for a mobile device which
integrates atouch screen and a fingerprint detection module in
accordance with some embodiments described herein. As can
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be seen in FIG. 2A, touch screen assembly 200 includes a
hardened cover glass 202 for protecting the touch sensitive
area of the touch screen assembly and the other areas of the
surface beyond the touch sensitive area, including the loca-
tion above the fingerprint sensor. The fingerprint senor in this
design can sense the fingerprint by a fingerprint in touch with
the top surface of the hardened cover glass 202 without being
in direct contact with the top of the fingerprint senor. This
allows the hardened cover glass 202 to fully cover both the
touch screen assembly and the fingerprint sensor under a
spatially contiguous glass surface without an opening. In
some embodiments, hardened cover glass 202 has a thickness
between 100 pm to 400 pm. The choice for hardened cover
glass 202 thickness is discussed further below. Hardened
cover glass 202 may be made with substantially the same
material and/or process as hardened cover glass 102 in the
mobile device illustrated in FIG. 1. However, compared with
hardened cover glass 102, hardened cover glass 202 includes
a number of differences.

[0031] Notably, hardened cover glass 202 does not include
an opening for fitting a fingerprint detection module as in
hardened cover glass 102. Due to elimination of the process of
drilling the opening for the fingerprint sensor, the machining
ot hardened cover glass 202 can be significantly simpler than
the machining of hardened cover glass 102 with an opening n
FIG. 1. In addition, eliminating the opening also allows for
more flexible choices of the cover glass material, for example,
less expensive material than sapphire can be used for hard-
ened cover glass 202. The simplified manufacturing of hard-
ened cover glass 202 also allows the hardened cover glass 202
thickness to be significantly less than the hardened cover
glass 102 thickness. For example, hardened cover glass 202
may be made as thin as possible without compromising
mechanical integrity. A thinner hardened cover glass 202 may
facilitate reducing manufacturing cost and processing time.
In some embodiments, the underside (i.e., the surface oppo-
site to the touch surface) ofhardened cover glass 202 is coated
with a colored epoxy layer 204 which can be black, white, or
other colors. The colored epoxy layer 204 can also be con-
figured with specific patterns.

[0032] Further referring to FIG. 2A, touch screen assembly
200 also includes a support glass layer 206 underneath the
hardened cover glass 202, wherein support glass layer 206
includes a through-hole, or opening 208 (an enlarged view of
opening 208 in support glass layer 206 can be seen in FIG.
2B). In some embodiments, support glass layer 206 has a
thickness between 100 pm to 400 pm. The thickness of the
support glass layer 206 can be greater or less than the thick-
ness of hardened cover glass 202. In some implementations,
the thickness of the support glass layer 206 can be signifi-
cantly greater than the thickness of hardened cover glass 202.
The location of opening 208 on support glass layer 206 may
be close to an end of support glass layer 206, similar to the
relative location of opening 110 on hardened cover glass 102
in FIG. 1. In some embodiments, the size of opening 208 is
greater than 5 mmx5 mm, and the shape of opening 208 can
include square, circular, among others. Support glass layer
206 can be either tempering/toughening processed or without
going through a toughening process. If a toughening process
is used, it typically takes place after the opening 208 has been
machined. The bottom side of support glass layer 206 is
coated with a patterned ITO layer 210 which defines the
region on hardened cover glass 202 having touch sensing
functions.
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[0033] Asshownin FIG. 2A, hardened cover glass 202 and
support glass layer 206 are bonded together to form an overall
cover glass structure that is significantly thicker and mechani-
cally stronger than each of hardened cover glass 202 and
support glass layer 206 individually. The two glass layers may
be bonded with a thin adhesive layer, such as an epoxy adhe-
sive layer. The overall thickness of the combined structure
may be comparable to the hardened cover glass 102 in FIG. 1.
[0034] Touch screen assembly 200 also includes a finger-
print sensor module 212 which is positioned within opening
208 of support glass layer 206 and directly attached under-
neath the hardened cover glass 202. Fingerprint sensor mod-
ule 212 may be glued onto hardened cover glass 202 through
opening 208 at the same time when hardened cover glass 202
and support glass layer 206 are bonded together. Alterna-
tively, fingerprint sensor module 212 may be glued onto hard-
ened cover glass 202 through opening 208 after support glass
layer 206 has been bonded with hardened cover glass 202.
[0035] FIG. 2B shows a zoom in view of the region in FIG.
2A indicated by the circle 211 that includes the opening 208
and fingerprint sensor module 212 in accordance with some
embodiments described herein. The fingerprint sensor mod-
ule 212 is glued onto colored epoxy layer 204 by a very thin
adhesive layer 214, such as an epoxy adhesive. Note that
fingerprint sensor module 212 does not have to be snug-fitted
inside opening 208, and can have a space between the module
boundary and the sidewall of opening 208 as shown in FIG.
2B. This spacing allows for large integration tolerance during
integration of fingerprint sensor module 212 with hardened
cover glass 202 and support glass layer 206. Hence, hardened
cover glass 202, support glass layer 206, and fingerprint sen-
sor module 212 form an integrated touch screen/fingerprint
detection assembly. In comparison, in the embodiment of
FIG. 1, the fingerprint sensor module 102 is physically and
mechanically separated from the touch screen structure.
[0036] In one implementation, fingerprint sensor module
212 includes a printed circuit board (PCB) 214 having inte-
grated circuits, and a fingerprint sensor chip 216 for collect-
ing fingerprint data, wherein the top surface of fingerprint
sensor chip 216 is attached to colored epoxy layer 204, while
the bottom surface of the fingerprint sensor chip 216 is affixed
to the top surface of PCB 214. Fingerprint sensor module 212
also includes a flexible printed circuit (FPC) 218 attached to
the bottom surface of PCB 214 for coupling fingerprint sensor
signals collected by the fingerprint sensor chip 216 to a main
circuit board (not shown) of the mobile device. Because fin-
gerprint sensor chip 216 is positioned underneath hardened
cover glass 202, fingerprint sensing is performed capacitively
through the gap created by hardened cover glass 202, which
creates a design constraint for the thickness ofhardened cover
glass 202. In one embodiment, hardened cover glass 202
thickness is determined as a trade-off between a higher sen-
sitivity which prefers a thinner glass, and a higher mechanical
strength which prefers a thicker glass 202.

[0037] FIG. 2C shows a schematic in a top view of finger-
print sensor module 212 in accordance with some embodi-
ments described herein. As can be seen in FIG. 2C, fingerprint
sensor module 212 includes discrete components such as
light emitting diodes (LEDs) 224 that are affixed on the top
surface of PCB 214. Fingerprint sensor module 212 also
includes photodetectors, such as photo diodes 226 which are
integrated with fingerprint sensor chip 216. The LEDs 224,
photo diodes 226, and a signal processing module (not
shown) collectively determine if an object making contact
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with the fingerprint sensor module 212 is human. Further
detail of human detection using LEDs and photodetectors is
described in U.S. Patent Application No. 61/908,026 entitled
“HUMAN FINGERPRINT DETECTION MODULES” filed
onNov. 22, 2013, which is incorporated by reference as a part
of the specification of this application. In addition to human
detection, the discrete components such as LEDs 224 and the
integrated photodetectors such as photo diodes 226 can also
be used to monitor human bio-feature signals, such as heart-
beat, oxygen saturation level of the user’s blood (SpO,),
among others.

[0038] Fingerprint detection module 212 can also include a
metal ring 228 placed around fingerprint sensor chip 216 and
attached to colored epoxy layer 204. Similarly to the rest of
fingerprint detection module 212, metal ring 228 can be glued
onto colored epoxy layer 204 by a thin adhesive layer. In one
embodiment, metal ring 228 is part of a capacitive touch
sensor to detect contact by an object with the hardened cover
glass 202. For example, metal ring 228 can serve as a sensing
electrode to detect if a human finger or an object is making
contact with fingerprint detection module 212. In some
implementations, metal ring 228 can also serve as a signaling
electrode. For example, in a device-to-device communication
setup, metal ring 228 operates as a transmitting and receiving
electrode for sending and receiving electrical signals to and
from the capacitive coupling port of another capacitive touch
screen.

[0039] In the embodiment of FIG. 2B, metal ring 228 is
positioned entirely within the opening 208. This configura-
tion has two consequences: the size of opening 208 has to be
sufficiently large to accommodate metal ring 228; and metal
ring 228 cannot have a very large size because the size of
opening 208 affects the display area. However, a large metal
ring is beneficial to increase capacitive sensing sensitivity,
especially when the fingerprint sensor is positioned under-
neath hardened cover glass 202.

[0040] FIG. 2D shows an exemplary implementation of
touch screen/fingerprint sensor assembly wherein the metal
ring 228 in FIG. 2B is reconfigured as a conductive film. As
can be seen in FIG. 2D, a conductive ring layer 230 is sand-
wiched between hardened cover glass 202 and support glass
layer 206. Opening 208 on support glass layer 206 can be
made to be just big enough to accommodate fingerprint detec-
tion module 212 without a metal ring 228. Because conduc-
tive ring layer 230 is not confined within opening 208, the
surface area of the ring layer 230 can be much bigger than
metal ring 228. For example, FIG. 2D also shows a schematic
in a top view of conductive ring layer 230 and fingerprint
detection module 212. In one implementation, conductive
ring layer 230 is screen-printed on the colored epoxy layer on
hardened cover glass 202 and separated from fingerprint
detection module 212 by a gap 232.

[0041] FIG. 3A shows both a top view and a side view of an
exemplary implementation of the hardened cover glass in a
touch screen/fingerprint sensor assembly. As shown in FIG.
3 A, hardened cover glass 302 does not include an opening for
fitting a fingerprint detection module through the hardened
cover glass 302. However, the fingerprint sensor location is
marked on hardened cover glass 302 with a sensor mark 303,
for example, as a printed mark. Sensor mark 303 helps to
guide the user’s finger to where the fingerprint sensor chip is
located underneath hardened cover glass 302. The bottom
surface of hardened cover glass 302 is coated with a colored
epoxy layer 304, which can be configured to hind a fingerprint
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detection module underneath hardened cover glass 302. Also
note that the touch sensitive area 305 does not overlap the
fingerprint sensor location.

[0042] FIG. 3B shows both a top view and a side view of an
exemplary implementation of the support glass layer in a
touch screen/fingerprint sensor assembly. As shown in FIG.
3B, support glass layer 306 includes an opening 308 which
coincides with the location of sensor mark 303. The bottom
surface of support glass layer 306 is coated with patterned
ITO layer 310 which defines the region on hardened cover
glass 302 that has touch sensing functions.

[0043] To obtain the touch screen/fingerprint sensor assem-
bly shown in FIG. 2A, support glass layer 306 in FIG. 3B is
bonded with hardened cover glass 302 in FIG. 3A, for
example, with an epoxy adhesive, whereby the colored epoxy
layer 304 is sandwiched between the two glass layers. Next, a
fingerprint detection module is attached to the underside of
hardened cover glass 302 through opening 308, for example,
using the same epoxy adhesive to complete the touch screen/
fingerprint sensor assembly. The disclosed multi-layer struc-
ture of the touch screen/fingerprint sensor assembly elimi-
nates through-hole in the top glass layer at the fingerprint
sensor location, improves the device appearance and finger-
print sensor performance and reliability, saves space, and
greatly reduces the manufacturing cost.

[0044] Note that the integrated touch screen/fingerprint
sensor assembly may be manufactured as a module at a facil-
ity different from the place of final mobile device integration.
Because opening 308 is hidden from the user by colored
epoxy layer 304, drilling opening 308 through support glass
layer 306 does not require the same level of precisions (such
as the opening location, dimensions, and roughness) as drill-
ing opening 106 in FIG. 1, thereby reducing manufacture
cost, processing time while improving yield.

[0045] FIGS. 4A and 4B show atop view and a side (cross-
sectional) view of an exemplary implementation of a simpli-
fied hardened cover glass in a touch screen assembly, a fin-
gerprint sensor assembly, or an integrated touch screen and
fingerprint sensor assembly. In the implementation of the
simplified hardened cover glass shown in FIGS. 4A and 4B,
the structure of the hardened cover glass is simplified because
the hardened cover glass is strong that a support glass layer is
no longer needed. In absence of the support glass layer, cir-
cuitry for providing the touch sensing function (e.g., touch
sensor or a fingerprint sensor or an integrated touch and
fingerprint sensor) can be directly implement on the back
surface of'a cover glass 450 or on a polymer film bonded to the
back surface ofthe cover glass 450. For an in-cell (i.e., display
cell) touch solution, the circuitry for providing the touch
sensing function is implemented or integrated on an LCD
module placed or bonded on the back surface of the cover
glass 450. By eliminating the support layers, the implement
of the hardened cover glass to include the circuitry for pro-
viding touch sensing is greatly simplified.

[0046] The simplified hardened cover glass is shown to be
implemented in a mobile device 400. For example, the hard-
ened cover glass can be implemented as a part of a touch panel
assembly 410 with an integrated fingerprint sensor module.
On the mobile device 400, other sensor positions 412 are
shown along with exemplary physical buttons 14 and 16 (e.g.,
side buttons). In some implementations, a fingerprint sensor
mark 421 can be shown on or in proximity of the touch panel
assembly 410. A fingerprint sensor chip 423 can be disposed
on a back PCB with integrated circuitry 425. The back PCB
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425 can be disposed over a flexible printed circuit (FPC) 27.
In some implementations, a colored epoxy material layer 452
can provided on the back surface of the cover glass 450 to
function as (1) abonding material and (2) to provide a desired
color appearance. A housing, such as a hole 458 for housing
a fingerprint sensor module can be disposed under the cover
glass 450 (and under the colored epoxy material layer 452
when included). In some implementations, a metal ring struc-
ture 429 can be attached under the covered glass 450 (and
colored epoxy material layer 452 when included) and sur-
rounding or bordering the fingerprint sensor chip 423. In
some implementations, a thin epoxy material 431 can be
implemented to glue the fingerprint sensor to the cover glass
450 (or colored epoxy material layer 452 when included).
Discrete components 433, such as LEDs, can be fixed on the
back of the PCB 425. In addition, optical detectors 435, such
as photo diodes, can be disposed on either the PCB 425, the
fingerprint sensor chip 423, or both the PCB 425 and the
fingerprint sensor chip 423. In some implementations, the
enhanced cover glass 450 can have a thickness of 100-300
pm.

[0047] FIG. 4B shows a side (cross-sectional) view of the
simplified hardened cover glass that can be implemented in a
touch screen assembly, a fingerprint sensor assembly, or an
integrated touch screen and fingerprint sensor assembly. A
portion of the enhanced cover glass 450 can be etched to form
a sink structure (e.g., housing) to house or install the finger-
print sensor module, or just the fingerprint sensor chip com-
ponent 423 of the fingerprint sensor module.

[0048] FIG. 5 shows a schematic in a top view of a mobile
device 500 (e.g., a smartphone, a tablet) equipped with an
integrated touch screen/fingerprint sensor assembly in accor-
dance with some embodiments described herein. As can be
seen in FIG. 5, mobile device 500 includes an integrated
touch screen/fingerprint detection module assembly 502 as
described above in conjunction with FIGS. 2A-2D, 3A-3B,
and 4A-4B. Mobile device 500 also includes side buttons 504
and 506, some of which can be configured to control the
fingerprint sensing and detection operations. The location of
the fingerprint detection module (not visible) is marked on the
cover glass with mark 508. The integrated touch screen/fin-
gerprint detection module assembly 502 also provides other
structure positions for other sensors, such as sensor 510.
[0049] FIG. 6 illustrates the concept of using an integrated
touch screen/fingerprint sensor assembly (which is substan-
tially similar to the integrated touch screen/fingerprint sensor
assembly in FIG. 2B) for fingerprint authentication in accor-
dance with some embodiments described herein.

[0050] As mentioned above, the fingerprint detection mod-
ule in the integrated touch screen/fingerprint sensor assembly
is placed inside opening 608 of support glass layer 606.
Fingerprint detection module includes a PCB 614, a finger-
print sensor chip 616, and a FPC 618, wherein fingerprint
sensor chip 616 is surrounded by a metal ring 628. Further-
more, fingerprint detection module includes one or more
LEDs 624 which are affixed on the top surface of PCB 614
and one or more photo diodes 626 which are integrated with
fingerprint sensor chip 616.

[0051] Insome implementations, when an object 630, such
as a human finger, makes contact with hardened cover glass
602 at a location indicated by a sensor mark 603, metal ring
628 detects the capacitive coupling signal through hardened
cover glass 602 and activates LEDs 624 to emit detection
light. The detection light is reflected off object 630 and the
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reflected light can be received and measured by photo diodes
626. Hence, LEDs 624, photo diodes 626, and a signal pro-
cessing module (not shown) collectively determine if object
630 is human by measuring human bio-feature signals, such
as heartbeat, oxygen saturation level of the user’s blood
(SpO,), among others. Once the human detection process is
complete, the standard fingerprint authentication process can
begin using the fingerprint detection module.

[0052] The various implementations of the touch screen/
fingerprint sensor assembly in this patent document can be
used in various systems and devices including, but are not
limited to, mobile phones, tablet computer, portable comput-
ers, wireless devices, laptops, game machines, and multime-
dia device.

[0053] While this patent document contains many specit-
ics, these should not be construed as limitations on the scope
of any invention or of what may be claimed, but rather as
descriptions of features that may be specific to particular
embodiments of particular inventions. Certain features that
are described in this patent document in the context of sepa-
rate embodiments can also be implemented in combination in
a single embodiment. Conversely, various features that are
described in the context of a single embodiment can also be
implemented in multiple embodiments separately or in any
suitable subcombination. Moreover, although features may
be described above as acting in certain combinations and even
initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combi-
nation, and the claimed combination may be directed to a
subcombination or variation of a subcombination.

[0054] Similarly, while operations are depicted in the draw-
ings in a particular order, this should not be understood as
requiring that such operations be performed in the particular
order shown or in sequential order, or that all illustrated
operations be performed, to achieve desirable results. More-
over, the separation of various system components in the
embodiments described in this patent document should not be
understood as requiring such separation in all embodiments.
[0055] Only a few implementations and examples are
described and other implementations, enhancements and
variations can be made based on what is described and illus-
trated in this patent document.

What is claimed is what is disclosed or illustrated, includ-
ing:

1. A touch screen assembly for a mobile device, compris-
ing:

a hardened cover glass at a top layer of the touch screen

assembly;

a support glass layer underneath the hardened cover glass
and including an opening through the support glass
layer,

wherein the hardened cover glass and the support glass
layer are bonded to provide a mechanical strength for
supporting the touch screen assembly; and

a fingerprint detection module positioned within the open-
ing of the support glass layer and directly underneath the
hardened cover glass.

2. The touch screen assembly of claim 1, further compris-
ing a fingerprint sensor mark formed on the surface of the
hardened cover glass and located directly above the finger-
print detection module to indicate the position of the finger-
print detection module.

3. The touch screen assembly of claim 1, further compris-
ing a colored layer sandwiched between the hardened cover
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glass and the support glass layer, wherein the fingerprint
detection module is attached to an area of the colored layer
exposed by the opening support glass layer.

4. The touch screen assembly of claim 3, wherein the
colored layer is configured with a layer providing a color, a
pattern, or both color and pattern to make the fingerprint
detection module invisible from a user looking at the touch
screen assembly from above the hardened cover glass.

5. The touch screen assembly of claim 3, further compris-
ing an adhesive layer on the underside of the layer providing
the color, pattern, or both color and pattern for attaching the
fingerprint detection module to the layer providing the color,
pattern, or both color and pattern.

6. The touch screen assembly of claim 1, wherein the
boundary of the fingerprint detection module is not in contact
with the sidewall of the opening.

7. The touch screen assembly of claim 1, further compris-
ing a transparent conducting film (TCF) layer fabricated on
the bottom surface of the support glass layer.

8. The touch screen assembly of claim 7, wherein the TCF
layer includes an indium tin oxide (ITO) layer.

9. The touch screen assembly of claim 1, wherein the
fingerprint detection module includes:

a printed circuit board having integrated circuits; and

a fingerprint sensor chip for collecting fingerprint data,

wherein a first side of the fingerprint sensor chip is
affixed to the printed circuit board and a second side of
the fingerprint sensor chip is attached to the underside of
the layer providing the color, pattern, or both color and
pattern.

10. The touch screen assembly of claim 9, wherein the
fingerprint detection module further includes a flexible
printed circuit on the underside of the printed circuit board for
coupling fingerprint sensor signals collected by the finger-
print sensor chip to a main circuit board of the mobile device.

11. The touch screen assembly of claim 9, wherein the
fingerprint detection module further includes a metal ring
structure placed around the fingerprint sensor chip and
formed on the underside of the layer providing the color,
pattern, or both color and pattern, wherein the metal ring is
part of a capacitive touch sensor to detect contact by an object
with the hardened cover glass.

12. The touch screen assembly of claim 9, wherein the
fingerprint detection module further includes:

one or more light emitting sources configured to emit

detection light; and

one or more biosensors configured to monitor one or more

human bio-feature signals.

13. The touch screen assembly of claim 12, wherein the
human bio-feature signals include a heartbeat signal and an
oxygen saturation level of the blood.

14. The touch screen assembly of claim 12, wherein the one
or more biosensors includes one or more photodetectors.

15. The touch screen assembly of claim 12, wherein the one
or more light emitting sources include one or more light
emitting diode (LED) chips.

16. The touch screen assembly of claim 1, wherein the
hardened cover glass has a thickness between 100 um to 400
pm.

17. The touch screen assembly of claim 1, wherein the
support glass layer has a thickness between 100 um to 550
pm.
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18. The touch screen assembly of claim 1, wherein the
hardened cover glass eliminates an opening for fitting a fin-
gerprint detection module through the hardened cover glass.

19. The touch screen assembly of claim 1, wherein the
support glass layer does not require hardening.

20. A touch screen electronic device integrated with a
fingerprint detection mechanism, comprising:

a frame;

a touch screen assembly surrounded and secured by the

frame, wherein the touch screen assembly includes:

a hardened cover glass at a top layer of the touch screen
assembly and for receiving contact by an object;

a support glass layer underneath the hardened cover
glass and including an opening through the support
glass layer,

wherein the hardened cover glass and the support glass
layer are bonded to provide required mechanical
strength for the touch screen assembly; and

a fingerprint detection module positioned within the
opening of the support glass layer and directly under-
neath the hardened cover glass; and

a main circuit board between the touch screen assembly
and the back cover of the frame.

21. The electronic device of claim 20, wherein the touch
screen assembly further comprises a fingerprint sensor mark
formed on the surface of the hardened cover glass and located
directly above the fingerprint detection module to indicate the
position of the fingerprint detection module.

22. The electronic device of claim 20, wherein the touch
screen assembly further comprises a colored layer sand-
wiched between the hardened cover glass and the support
glass layer, wherein the fingerprint detection module is
attached to an area of the colored layer exposed by the open-
ing of the support glass layer.

23. The electronic device of claim 22, wherein the colored
layer is configured with a color, a pattern, or both color and
pattern to make the fingerprint detection module invisible
from a user looking at the touch screen assembly from above
the hardened cover glass.

24. The electronic device of claim 22, wherein the touch
screen assembly further comprises an adhesive layer for
bonding the fingerprint detection module to the colored layer.

25. The electronic device of claim 20, wherein the bound-
ary of the fingerprint detection module is not in contact with
the sidewall of the opening.

26. The electronic device of claim 20, wherein the touch
screen assembly further comprises a transparent conducting
film (TCF) layer fabricated on the bottom surface of the
support glass layer.

27. The electronic device of claim 26, wherein the TCF
layer includes an indium tin oxide (ITO) layer.

28. The electronic device of claim 20, wherein the finger-
print detection module includes:

a printed circuit board having integrated circuits; and

a fingerprint sensor chip for collecting fingerprint data,

wherein a first side of the fingerprint sensor chip is

affixed to the printed circuit board and a second side of
the fingerprint sensor chip is attached to the underside of
the colored layer.

29. The electronic device of claim 20, wherein the finger-
print detection module further includes a flexible printed
circuit on the underside of the printed circuit board for cou-
pling fingerprint sensor signals collected by the fingerprint
sensor chip to the main circuit board of the electronic device.
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30. The electronic device of claim 20, wherein the finger-
print detection module further includes a metal ring structure
placed around the fingerprint sensor chip and formed on the
underside of the colored layer, wherein the metal ring is part
of'acapacitive touch sensor to detect contact by an object with
the hardened cover glass.

31. The electronic device of claim 20, further comprising
one or more buttons on one or more sides of the frame for
controlling operations of the fingerprint sensor.

32. The electronic device of claim 20, wherein the hard-
ened cover glass has a thickness between 100 um to 400 pm.

33. The electronic device of claim 20, wherein the support
glass layer has a thickness between 100 um to 550 um.

34. The electronic device of claim 20, wherein the hard-
ened cover glass eliminates an opening for fitting a fingerprint
detection module through the hardened cover glass.

35. The electronic device of claim 20, wherein the support
glass layer does not require hardening.

36. A method for assembling a touch screen assembly,
comprising:

preparing a hardened cover glass without forming an open-
ing for accommodating a fingerprint detection module;

preparing a support glass layer by forming an opening for
accommodating a fingerprint detection module;

bonding the hardened cover glass and the support glass
layer, wherein the hardened cover glass and the support
glass layer collectively provide a mechanical strength
for supporting the touch screen assembly; and

placing a fingerprint detection module within the opening
of the support glass layer and attaching the fingerprint
detection module directly underneath the hardened
cover glass.

37. The method of claim 36, including:

disposing a colored layer sandwiched between the hard-
ened cover glass and the support glass layer, wherein the
fingerprint detection module is attached to an area of the
colored layer exposed by the opening support glass
layer.

38. A device having a touch screen and a fingerprint sensor,

comprising:

atouch screen including one or more touch sensitive layers
which define a touch sensitive area;

a fingerprint sensor module displaced from and near the
touch sensitive area;

a hardened cover glass having a spatially contiguous glass
surface to fully cover both the touch sensitive area and
the fingerprint sensor module; and

a support glass layer underneath the hardened cover glass
and in directly contact with the one or more touch sen-
sitive layers, and including an opening through the sup-
port glass layer,

wherein the hardened cover glass and the support glass
layer are bonded to provide a desired mechanical
strength for the touch screen; and

wherein the fingerprint sensor module is positioned within
the opening of the support glass layer and directly under-
neath the hardened cover glass to sense an object via the
hardened cover glass.

39. The device as in claim 38, wherein the device includes

a mobile phone, a tablet computer, a portable computer, a
wireless device, a laptop, a game machine, or a multimedia
device.

40. A touch sensor assembly for a mobile device, compris-
ing:
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ahardened cover glass at the top of the touch sensor assem-

bly; and

a fingerprint detection module positioned directly under-

neath the hardened cover glass.

41. The touch sensor assembly of claim 40, wherein the
touch sensor assembly includes a touch screen.

42. The touch sensor assembly of claim 41, wherein the
touch sensor assembly includes the touch screen integrated
with the fingerprint detection module.

43. The touch sensor assembly of claim 40, wherein the
hardened cover glass is partially etched to form a housing to
receive the fingerprint detection module.
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