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(57) ABSTRACT

A fingerprint sensing module is used for a liquid crystal
display (LCD) panel having a sensing area. The fingerprint
sensing module includes a light source and a shielding
frame. The light source is configured to provide light emis-
sion for fingerprint sensing performed on the sensing area,
wherein the sensing area is at a first side of the light source.
The shielding frame is disposed on a light emission path
from the light source toward the first side.

¥ v '
LCD panel ,: 300
Shielding . | Shielding| _{Shielding | , Shielding
frame L _frame | FS1 FS2 | frame | frame
7 T L ‘ S {

FO1 / * 777> Emission normal line 320 1! FO2
Emission angle Light Fingerprint Light| 1,
15-30 degrees Source sensing unit source

L1 Circuit board ~ 310




LAV JOIdd T "DId

US 2021/0216742 Al

SUQ[ UISUAS

Jul. 15,2021 Sheet 1 of 5

[oued AeydsTp 2ouBUTUN]-][OS

Patent Application Publication



LAV JOIdd ¢ DId

US 2021/0216742 Al

SUQ[ UISUAS

90IN0S YIIT

[PxXId gy

Jul. 15,2021 Sheet 2 of 5

[oued Ae[dsIp 1y3Iyoeyg

Patent Application Publication



US 2021/0216742 Al

Jul. 15,2021 Sheet 3 of 5

Patent Application Publication

¢ DId

00¢ ™

0TE pIeOQ 1INOI) I
0INO0S un SUIsuas Q0INOS $99I39p O¢-C1
T s \ WdsuL] ST JS[3uL OISSTy
704 /1L 0T oury euuon norssT ! 104
oEmm \ ourery | ¢SH [Sd [ ourery ,,, om%m
SupRIS | Buperg —|Burprems | | SupRIS
Pued (O7
—_— __ i
__ \_/
/ \




US 2021/0216742 Al

Jul. 15,2021 Sheet 4 of 5

Patent Application Publication

7 DI

01€ pPIROQ JINOITY
NM%% Jun SuIsuos @8%8 H
~ . JysI
T i Wl
NUA\/% 0ce %&{\/ [O71
00§ Vv [eued (0071 R
—_—




US 2021/0216742 Al

Jul. 15,2021 Sheet 5 of 5

Patent Application Publication

¢ DI

01E PI20q 1T I
220IN0S Jmn wgﬂmgom 20IN0Y
s uwdiesuy g
INT > g < > —1IN1
00S Pued (O7




US 2021/0216742 Al

FINGERPRINT SENSING MODULE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/960,648, filed on Jan. 13, 2020,
the contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a fingerprint sens-
ing module, and more particularly, to a fingerprint sensing
module for a liquid crystal display (LCD) panel.

2. Description of the Prior Art

[0003] Fingerprint recognition technology is widely
applied in a variety of electronic products such as a mobile
phone, laptop, tablet, personal digital assistant (PDA), and
portable electronics, for realizing identity recognition. The
fingerprint sensing allows a user to perform identity recog-
nition conveniently, where the user may only need to put
his/her finger on a fingerprint sensing pad or area to login the
electronic device instead of entering long and tedious user-
name and password.

[0004] Optical fingerprint sensing has become the main-
stream of the currently available fingerprint sensing tech-
nologies. The optical in-display fingerprint recognition sys-
tem is mainly applied to an organic light-emitting diode
(OLED) display panel. Please refer to FIG. 1, which is a
schematic diagram of the structure of an OLED display
panel 10. Light emission of the OLED display panel 10 is
sourced from the OLEDs inside the pixels, and the OLED
display panel 10 belongs to a self-luminance structure and
has a high-uniformity light field. In other words, as for the
fingerprint sensing performed on every position of the panel,
the sensing lens below the panel can receive fingerprint
sensing images having high similarity.

[0005] Please refer to FIG. 2, which is a schematic dia-
gram of the structure of a liquid crystal display (LCD) panel
20. Different from the OLED display panel 10, the LCD
panel 20 has a backlight structure and needs to use an
external light source for providing light emission. Taking
FIG. 2 as an example, there are 4 light sources disposed
around the panel for providing light emission for fingerprint
image sensing. However, these external light sources have a
problem of light field directivity, causing an inconsistency
on the fingerprint image of the same finger at different
degrees or different distances, resulting in a higher error rate
on fingerprint recognition.

[0006] Thus, there is a need to provide a structure of a
fingerprint sensing module to eliminate the problem of light
field directivity, in order to improve the image quality of
fingerprint sensing.

SUMMARY OF THE INVENTION

[0007] It is therefore an objective of the present invention
to provide a structure of the fingerprint sensing module for
a liquid crystal display (LCD) panel capable of eliminating
the light field directivity of fingerprint sensing, in order to
solve the above problems.

[0008] An embodiment of the present invention discloses
a fingerprint sensing module for an LCD panel having a
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sensing area. The fingerprint sensing module comprises a
light source and a shielding frame. The light source is
configured to provide light emission for fingerprint sensing
performed on the sensing area, wherein the sensing area is
at a first side of the light source. The shielding frame is
disposed on a light emission path from the light source
toward the first side.

[0009] Another embodiment of the present invention dis-
closes a fingerprint sensing module for an LCD panel having
a sensing area. The fingerprint sensing module comprises a
light source and a light guide structure. The light source is
configured to provide light emission for fingerprint sensing
performed on the sensing area, wherein the sensing area is
at a first side of the light source. The light guide structure,
disposed on an emitting surface of the light source, is
configured to orient light emitted by the light source toward
a direction opposite to the first side.

[0010] Another embodiment of the present invention dis-
closes a fingerprint sensing module for an LCD panel having
a sensing area. The fingerprint sensing module comprises a
light source and a lens. The light source is configured to
provide light emission for fingerprint sensing performed on
the sensing area, wherein the sensing area is at a first side of
the light source. The lens, disposed on an emitting surface of
the light source, is configured to concentrate light emitted by
the light source to a direction not at the first side.

[0011] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in
the art after reading the following detailed description of the
preferred embodiment that is illustrated in the various fig-
ures and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic diagram of the structure of an
OLED display panel.

[0013] FIG. 2 is a schematic diagram of the structure of an
LCD panel.
[0014] FIG. 3 is a schematic diagram of a fingerprint

sensing module according to an embodiment of the present
invention.

[0015] FIG. 4 is a schematic diagram of another finger-
print sensing module according to an embodiment of the
present invention.

[0016] FIG. 5 is a schematic diagram of a further finger-
print sensing module according to an embodiment of the
present invention.

DETAILED DESCRIPTION

[0017] The present invention provides the structure of a
fingerprint sensing module applicable to a liquid crystal
display (LCD) panel. As mentioned above, the LCD panel
has a backlight panel structure that utilizes visible backlight
source(s) to generate light emission for image display. In
general, the optical fingerprint sensing for an LCD panel is
implemented by disposing additional light sources around
the sensing area. In order to prevent the visual effect from
being influenced, the infrared light may be used to perform
fingerprint sensing. In other words, the infrared light sources
disposed around the sensing area is only used for fingerprint
sensing, not for providing light emission for display of the
LCD panel.

[0018] Please refer to FIG. 3, which is a schematic dia-
gram of a fingerprint sensing module 30 according to an
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embodiment of the present invention. As shown in FIG. 3,
the fingerprint sensing module 30 includes light sources L1
and 1.2, shielding frames FS1, FS2, FO1 and FO2, a circuit
board 310 and a fingerprint sensing unit 320. The fingerprint
sensing module 30 may further include an L.CD panel or not,
where an LCD panel 300 is shown in FIG. 3 to facilitate the
illustrations. In detail, the LCD panel 300 includes a sensing
area for receiving fingerprint image signals. The circuit
board 310, which may be a printed circuit board (PCB),
flexible printed circuit (FPC) board, or any other type of
substrate capable of carrying the circuitry, is disposed below
the LCD panel 300. The light sources L1, 1.2 and the
fingerprint sensing unit 320 are disposed on the circuit board
310. Each of the light sources L1 and 1.2 may be composed
of one or more infrared light light-emitting diodes (IR
LEDs). In general, the LED light sources have a design of
light emission angle. For example, when the light source [.1
or [.2 is disposed on the circuit board 310, it is always
configured to have an upward light emission direction and a
predefined light emission angle, e.g., 30 degrees or 60
degrees; that is, the light is emitted toward the normal
direction relative to the surface of the circuit board 310 (i.e.,
the direction perpendicular to the surface of the circuit board
310), and appears to have an upward conical emission path
corresponding to the light emission angle. The fingerprint
sensing unit 320 may include multiple fingerprint sensing
pixels for receiving light to determine the variations of
ridges and valleys of the fingerprint. In the fingerprint
sensing module 30, the light sources I.1 and L2 provide
lights to illuminate the finger, so that the image received by
the fingerprint sensing pixel changes in color depth. For
example, the ridge position is attached to the panel, and there
is no air medium between the ridge and the panel, which
may present a brighter image. There is a narrow gap between
the valley position and the panel, which causes the energy of
light to attenuate and displays a darker image.

[0019] The shielding frames FS1, FS2, FO1 and FO2 may
be used to block lights, and form openings to pass light in
a specific direction to achieve the purpose of fingerprint
sensing. Among these shielding frames, the shielding frames
FS1 and FS2 are used to block the light emitted from the
light sources .1 and [.2 to the inner side, and the shielding
frames FO1 and FO2 are used to block the light emitted from
the light sources L1 and 1.2 to the outer side. As mentioned
above, the light source L1 or 1.2 usually has an upward light
emission direction, and the emitted light is reflected to the
sensing area within the emission angle. When there are no
shielding frames FS1 and FS2, the light reaching the finger
may be reflected, scattered or diffused back to the fingerprint
sensing unit 320 to be received. When a directional light
illuminates the finger, the light reflected by the finger will
have different intensities due to the distance between the
light source and the finger. Such a variation of intensities of
the reflected light will interfere with the fingerprint recog-
nition result. More specifically, the light emitted inwards
from the light sources L1 and [.2 may reach the sensing area
on the inner side, and reach the fingerprint sensing unit 320
through reflection of the finger on the sensing area, such that
the fingerprint image received by the fingerprint sensing unit
320 includes brightness variations due to different intensities
of the reflected light. Since the difference of image bright-
ness between ridges and valleys is usually quite small, the
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images are susceptible to the variation of reflected light
brightness, resulting in degradation in the quality of the
fingerprint image.

[0020] Therefore, in the present invention, the fingerprint
sensing module 30 includes the shielding frames FS1 and
FS2, which are arranged on the light emission path of the
light source L1 or L2 reflected inwardly to the sensing area,
to shield the directional light inwardly emitted from the light
source L1 or L.2. This prevents the light from the light source
L1 or L2 toward the inner side from being directly reflected
by the finger to reach the fingerprint sensing unit 320,
causing the fingerprint image sensed by the fingerprint
sensing unit 320 to be interfered with by variations of the
reflected light.

[0021] When the directional reflected light is shielded by
the shielding frames FS1 and FS2, the light received by the
fingerprint sensing unit 320 only includes the light scattered
or diffused through the inside of the finger, forming a
non-directional and uniform light field and producing uni-
form fingerprint imaging. In this embodiment, since the
fingerprint sensing module 30 applies infrared light as the
light sources L1 and [.2 for fingerprint sensing, the infrared
light may be incident into the subcutaneous tissue inside the
skin, so as to be diffused uniformly through the internal
structure of the skin, and then diverge to the fingerprint
sensing unit 320 to be received. In this way, the images at
any position of the finger can faithfully present the infor-
mation of ridges and valleys, without being affected by the
directivity of the light, thereby improving the accuracy of
fingerprint recognition.

[0022] In an embodiment, the positions of the shielding
frames FS1 and FS2 located inner to the light sources .1 and
L2 may be designed to let one boundary of the shielding
frames FS1 and FS2 to be aligned with the emission normal
line of the light sources [.1 and 1.2, respectively, so that the
shielding frames FS1 and FS2 may completely block the
light emission path at the inner side of the emission normal
line. The other side of the shielding frames FS1 and FS2 may
correspond to the boundary of the fingerprint sensing unit
320, so that the light diffused from the inside of the finger
can reach the fingerprint sensing unit 320 smoothly. How-
ever, those skilled in the art should understand that as long
as the shielding frame may completely or partially block the
directional light emitted from the light source [.1 or .2 and
then reflected by the finger surface to enter the fingerprint
sensing unit 320. The related deployment method should not
be served to limit the scope of the present invention.
[0023] In addition, the shielding frames FS1, FS2, FO1
and FO2 are used to form openings. These openings are
located at the outer direction of the emission normal line,
and the size of the openings may correspond to the emission
angle between about 15 degrees to 30 degrees. Those skilled
in the art should understand that the size and position of the
openings may be disposed according to actual requirements.
For example, according to the emission angle design of the
light sources [.1 and [.2, the openings may be disposed at a
specific position and angle outside the emission normal line.
For example, if the emission angle of the light sources [.1
and 1.2 is 60 degrees and the light emission direction is
directly to the normal position, the emission angle covers the
range between 30 degrees inside the normal line and 30
degrees outside the normal line. At this moment, the opening
may be correspondingly disposed at the position between the
normal line and outward 30 degrees.
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[0024] Please note that the present invention aims at
providing the structure of a fingerprint sensing module
capable of eliminating the directivity of light field. Those
skilled in the art may make modifications and alterations
accordingly. For example, in the above embodiments, two
light sources L1 and L2 are applied and respectively
arranged on both sides of the sensing area. However, in
another embodiment, suitable light source(s) may be dis-
posed according to actual requirements. For example, as for
a square sensing area, one light source may be disposed in
the middle of each of the four sides of the sensing area.
Alternatively, each side may be deployed with two light
sources to improve the intensity and uniformity of the light
field. In addition, in the above embodiments, the inner
shielding frames FS1 and FS2 are used to block the direc-
tional light, and the outer shielding frames FO1 and FO2 are
provided at positions outer than the emission angle to block
the light scattered outwards. In an embodiment, since the
infrared light does not affect the image display, the outer
shielding frames FO1 and FO2 may be omitted. As long as
the inner shielding frames FS1 and FS2 are provided, the
effect of reducing the overall light field directivity may be
achieved. In addition, additional shielding frames may also
be disposed between the light sources .1 and 1.2 and the
fingerprint sensing unit 320 to avoid or reduce unnecessary
light received by the fingerprint sensing unit 320. In the
present invention, the shielding frames may be realized with
non-transparent materials or any materials that may shield
the light emitted by the light sources.

[0025] Since the present invention arms at reducing the
directivity of light field, in some embodiments, other meth-
ods may also be applied to reduce the directivity of light
field, such as changing the direction of the light to prevent
the light from being directly reflected by the finger surface
to enter the sensing pixels of the fingerprint sensing unit.
Please refer to FIG. 4, which is a schematic diagram of
another fingerprint sensing module 40 according to an
embodiment of the present invention. As shown in FIG. 4,
the structure of the fingerprint sensing module 40 is similar
to the structure of the fingerprint sensing module 30, so the
elements having similar functions are denoted by the same
symbols. The main difference between the fingerprint sens-
ing module 40 and the fingerprint sensing module 30 is that
the fingerprint sensing module 40 does not use a shielding
frame, but is disposed with light guide structures LG1 and
LG2 on the emitting surface of the light sources .1 and [.2,
respectively. The light guide structures 1.G1 and LG2 may
respectively orient the light emitted by the light sources L1
and [.2 to the outward direction, so as to reduce or prevent
the light from entering the sensing area inside and reaching
the fingerprint sensing unit 320 through reflection of the
finger, thereby reducing the light field directivity. Similarly,
the outward light emission may reach the fingerprint sensing
unit 320 through scattering or diffusion inside the finger to
form a non-directional and uniform light field and produce
uniform fingerprint imaging.

[0026] The light guide structures 1.G1 and L.G2 may be
realized in any feasible way, e.g., a microstructure with the
function of changing the direction of light may be used. In
an embodiment, the light guide structures LG1 and .G2 may
include a prism having a saw-toothed surface, as shown in
FIG. 4. The light guide structures [.G1 and L.G2 may be
attached to the emitting surface of the light sources L1 and
L2, respectively, so that the light emitted from the surface of

Jul. 15, 2021

the light sources L1 and [.2 may be guided outwards to
incident into the finger. In another embodiment, the light
guide structures may also be arranged on other light passing
paths, as long as the arrangement of the light guide struc-
tures may reduce the directivity of light field.

[0027] Please refer to FIG. 5, which is a schematic dia-
gram of a further fingerprint sensing module 50 according to
an embodiment of the present invention. As shown in FIG.
5, the structure of the fingerprint sensing module 50 is
similar to the structure of the fingerprint sensing module 40,
so elements having similar functions are denoted by the
same symbols. The main difference between the fingerprint
sensing module 50 and the fingerprint sensing module 40 is
that the fingerprint sensing module 50 uses lenses LN1 and
LN2 to concentrate light instead of the light guide structures
LG1 and LG2. The lenses LN1 and LN2 may be convex
lenses or other types of condensing lenses for concentrating
the light emitted by the light sources L1 and L2 to the
upward direction (or may adjust the light outwards). The
light incident upward into the finger may not be directly
reflected to the fingerprint sensing unit 320, which reduces
the reflected light received by the fingerprint sensing unit
320, thereby reducing the directivity of light field. In this
way, the light may reach the fingerprint sensing unit 320
through scattering or diffusion inside the finger to form a
non-directional and uniform light field and produce uniform
fingerprint imaging.

[0028] As shown in FIG. 5, the lenses LN1 and [LN2 may
be attached to the emitting surface of the light sources L1
and L2, respectively, to concentrate the light emitted from
the surface of the light sources I.1 and [2. In another
embodiment, the lenses may also be arranged on other light
passing paths, as long as the arrangement of the lenses may
reduce the directivity of light field.

[0029] In an embodiment, the light guide structures may
be deployed with lenses to further control the light to enter
the sensing area and the finger in a better way. Alternatively,
a shielding frame may also be added at an appropriate
position under the arrangement of the light guide structures
or the lenses. The above implementations all belong to the
scope of the present invention.

[0030] To sum up, the present invention provides the
structure of a fingerprint sensing module applicable to an
LCD panel, for improving the uniformity of the light field of
fingerprint sensing. Through the embodiments of the present
invention, the reflected directional light may be eliminated;
that is, the directional light emitted from the light source to
reach the finger and then reflected by the finger surface to
enter the fingerprint sensing unit may be eliminated. In an
embodiment, a shielding frame may be arranged on the light
emission path inside the normal line of the light source
reflected to the sensing area, to block the directional light
that may be reflected by the finger surface to reach the
fingerprint sensing unit. In other embodiments, the light
guide structure and/or the lens may also be used to change
the direction of light to reduce the inward reflected light,
thereby reducing the reflected light received by the finger-
print sensing unit. As a result, the influences on the finger-
print images caused by the directivity of light may be
prevented or alleviated, so as to improve the image quality
of fingerprint sensing, thereby improving the accuracy of
fingerprint recognition.

[0031] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
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method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be
construed as limited only by the metes and bounds of the
appended claims.

What is claimed is:

1. A fingerprint sensing module, for a liquid crystal
display (LCD) panel, the LCD panel having a sensing area,
the fingerprint sensing module comprising:

a light source, configured to provide light emission for
fingerprint sensing performed on the sensing area,
wherein the sensing area is at a first side of the light
source; and

a shielding frame, disposed on a light emission path from
the light source toward the first side.

2. The fingerprint sensing module of claim 1, wherein a
boundary of the shielding frame is aligned with an emission
normal line of the light source.

3. The fingerprint sensing module of claim 2, wherein the
shielding frame is configured to entirely block the light
emission path at a direction of the first side of the emission
normal line.

4. The fingerprint sensing module of claim 1, wherein the
shielding frame is used to form an opening, the opening is
located in a direction opposite to the first side of the
emission normal line, and a size of the opening corresponds
to an emission angle between 15 degrees and 30 degrees.

5. The fingerprint sensing module of claim 1, wherein the
light source is an infrared light source, and the light source
is not used to provide light emission for display of the LCD
panel.

Jul. 15, 2021

6. A fingerprint sensing module, for a liquid crystal
display (LCD) panel, the LCD panel having a sensing area,
the fingerprint sensing module comprising:

a light source, configured to provide light emission for
fingerprint sensing performed on the sensing area,
wherein the sensing area is at a first side of the light
source; and

a light guide structure, disposed on an emitting surface of
the light source, the light guide structure being config-
ured to orient light emitted by the light source toward
a direction opposite to the first side.

7. The fingerprint sensing module of claim 6, wherein the

light guide structure comprises a saw-toothed prism.

8. The fingerprint sensing module of claim 6, wherein the
light guide structure is attached to the emitting surface of the
light source.

9. A fingerprint sensing module, for a liquid crystal
display (LCD) panel, the LCD panel having a sensing area,
the fingerprint sensing module comprising:

a light source, configured to provide light emission for
fingerprint sensing performed on the sensing area,
wherein the sensing area is at a first side of the light
source; and

a lens, disposed on an emitting surface of the light source,
the lens being configured to concentrate light emitted
by the light source to a direction not at the first side.

10. The fingerprint sensing module of claim 9, wherein
the lens is attached to the emitting surface of the light source.
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