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DISPLAY SCREEN, DISPLAY DEVICE AND MOBILE TERMINAL

FIELD
The present disclosure relates to a field of electronic apparatus, and particularly to a display

screen, a display device and a mobile terminal.

BACKGROUND

In the related art, fingerprint recognition unit is disposed outside a display area of a display
panel so as to be prevented from hindering display. However, with such a structure design, a
display area-to-screen ratio (a ratio of the display area to the whole display screen) is low. The
display area-to-screen ratio can be increased by disposing a fingerprint unit and the display screen
in a superposition manner. With such a kind of structure, however, the display screen blocks an
sensing signal of the fingerprint unit, which causes low fingerprint acquisition efficiency of the

fingerprint unit.

SUMMARY

Aiming at the above problem, an objective of the present disclosure is to provide a display
screen, a display device and a mobile terminal, which can improve the fingerprint acquisition
efficiency of the fingerprint unit.

In order to solve the existing problems mentioned in the background, the present disclosure
provides a display screen. The display screen includes a display layer and a first light shielding
layer. The display layer has a display surface towards a user, the first light shielding layer is
arranged on the display surface, the first light shielding layer has a fingerprint recognition area, the
fingerprint recognition area includes at least one first through hole, and the first through hole is
configured so that sensing signals emitted and received by a fingerprint unit located below the
display screen can be transmitted through the first through hole.

The present disclosure provides a display device, including the above-mentioned display
screen, and further including an optical fingerprint unit and a middle frame. The display screen and
the optical fingerprint unit are fastened to the middle frame, and the optical fingerprint unit is

disposed at a side of the display layer away from the first light shielding layer and located at a
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position corresponding to an optical fingerprint recognition area. The optical fingerprint unit
includes a light emitter and a light inductor, and fingerprint recognition is performed by a first
light signal emitted by the light emitter and a second light signal received by the light inductor
passing through the first through hole.

The present disclosure provides a mobile terminal, including the above-mentioned display
device.

The display screen provided in embodiments of the present disclosure includes the display
layer and the first light shielding layer. The display layer has the display surface towards the user,
the first light shielding layer is arranged on the display surface, the first light shielding layer
includes the fingerprint recognition area, the fingerprint recognition area includes at least one first
through hole, and sensing signals emitted and received by the fingerprint unit located below the
display screen can be transmitted through the first through hole. A problem that the first light
shielding layer prevents the sensing signals from penetrating the display screen is solved by the
first through hole, so that fingerprint acquisition and recognition efficiency is improved.

The display device provided in embodiments of the present disclosure includes the display
screen and the fingerprint unit disposed below the display screen. The display screen includes the
display layer and the first light shielding layer. The first light shielding layer is arranged on the
display surface, the first light shielding layer includes the fingerprint recognition area, and the
fingerprint recognition area includes at least one first through hole. The fingerprint unit is located
at a position corresponding to the fingerprint recognition area. The fingerprint unit includes a light
emitter and a light inductor, so as to make it convenient for the light signal emitted by the light
emitter to be transmitted to the fingerprint through the display layer and the first through hole, and
to be received by the light inductor through the first through hole and the display layer after being
reflected by the fingerprint, thus improving the fingerprint acquisition and recognition efficiency
of the fingerprint unit.

The mobile terminal provided in embodiments of the present disclosure includes the display
device, and the display device includes the display screen and the fingerprint unit disposed below
the display screen. The display screen includes the display layer and the first light shielding layer.
The first light shielding layer is arranged on the display surface, the first light shielding layer
includes the fingerprint recognition area, and the fingerprint recognition area includes at least one
first through hole. The fingerprint unit is located at the position corresponding to the fingerprint

recognition area. The at least one first through hole increases transmittance of the sensing signals
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received or emitted by the fingerprint unit, thereby improving the fingerprint acquisition

efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

To describe the technical solutions in the embodiments of the present disclosure more clearly,
the accompanying drawings required for describing the embodiments are briefly introduced in the
following. Apparently, the accompanying drawings in the following description illustrate merely
some embodiments of the present disclosure, and those ordinarily skilled in the art can also derive
other drawings from these accompanying drawings without creative efforts.

Fig. 1 is a schematic view of a display screen provided in an embodiment of the present
disclosure.

Fig. 2 1s a top view of a display screen provided in an embodiment of the present disclosure.

Fig. 3 1s a sectional view of Fig 2 taken along the line AA".

Fig. 4 is a schematic view of a display screen provided in an embodiment of the present
disclosure.

Fig. 5 1s atop view of a display screen provided in an embodiment of the present disclosure.

Fig. 6 1s a sectional view of Fig 5 taken along the line BB'.

Fig. 7 is a schematic view of a display screen provided in an embodiment of the present
disclosure.

Fig. 8 is a schematic view of a display screen provided in an embodiment of the present
disclosure.

Fig. 9 is a schematic view of a display device provided in an embodiment of the present
disclosure.

Fig. 10 is a schematic view of a mobile terminal provided in an embodiment of the present

disclosure.

DETAILED DESCRIPTION

The technical solutions of the embodiments of the present disclosure are clearly and
completely described below with reference to the accompanying drawings in the embodiments of
the present disclosure.

Referring to Fig. 1, Fig. 1 illustrates a display screen 100 provided in embodiments of the

present disclosure. The display screen 100 includes a display layer and a first light shielding layer
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120. The display layer 110 is a portion of the display screen 100 and is configured to display
images. The display layer 110 is provided with a display surface 111 towards a user, and the first
light shielding layer 120 is arranged on the display surface 111. The first light shielding layer 120
has a fingerprint recognition area 121, the fingerprint recognition area 121 includes at least one
first through hole 122, and sensing signals emitted and received by a fingerprint unit located below
the display screen pass through the first through hole 122.

In the present embodiment, the display screen 100 can be an organic light-emitting diode
(OLED), a liquid crystal display (LCD) and the like. The first light shielding layer 120 can be a
light-filtering layer, a polarizing layer, a color microelectronic printed layer, a flat layer and etc.
The fingerprint unit can be an optical fingerprint unit, a capacitive fingerprint unit, a radio
frequency fingerprint unit, an ultrasonic fingerprint unit and etc. The sensing signal can be an
optical signal, an electrical signal, an ultrasonic signal and etc.

Referring to Figs. 2 and 3, the display screen 100 further includes a second light shielding
layer 130, and the second light shielding layer 130 is disposed to a side of the display layer 110
away from the first light shielding layer 120 so as to prevent structures (such as electronic circuits)
below the display screen 100 from being seen. The second light shielding layer 130 can be a
light-shielding foam layer, a lightproof ink layer, or a reflective layer configured to reflect light.
The second light shielding layer 130 can hide structures (such as the electronic circuits) below the
display screen 100 from view, so that the display layer 110 is allowed to present a color of the
second light shielding layer 130 when the display screen 100 is in a nonluminous state. The second
light shielding layer 130 can be black, white, or in other colors.

Referring to Fig. 3, in an embodiment, the fingerprint unit is the optical fingerprint unit, and
the optical fingerprint unit is disposed at a side of the display screen 100 away from the user. The
second light shielding layer 130 is provided with a second through hole 131, and the second
through hole 131 is configured so that the light signals emitted and received by the optical
fingerprint unit can be transmitted through the second through hole 131.

Further, the first through hole 122 and the second through hole 131 are disposed to be right
opposite to each other, and the first through hole 122 and the second through hole 131 have a same
size. In the present embodiment, the first through hole 122 and the second through hole 131 are
allowed to form a light-transparent passage along a thickness direction of the display screen 100,
and the passage is disposed between the optical fingerprint unit and the fingerprint recognition

area 121 so as to facilitate transmission of the light signals emitted and received by the optical
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fingerprint unit, reduce obstruction of the display screen 100 to the signals, hence improve
fingerprint recognition and acquisition efficiency.

In an embodiment, referring to Fig. 4, the first through hole 122 is filled with a
light-transparent layer 140. The light-transparent layer 140 is provided with a first surface 141
away from the display layer 110, the first light shielding layer 120 is provided with a second
surface 123 away from the display layer 110, and the first surface 141 is flush with the second
surface 123. In the present embodiment, by filling the light-transparent layer 140 in the first
through hole 122 and making respective surfaces, towards the user, of the light-transparent layer
140 and the first light shielding layer 120 flush, not only the light-transparent layer 140 does not
influence light transmittance of the first through hole 122, but also it is possible to avoid causing a
uneven surface of the first light shielding layer 120 when the first light shielding layer 120 is
provided with the first through hole 122 and hence avoid influencing flatness when other
functional layers are superposed on the first light shielding layer 120 subsequently. Preferably, a
shape and size of the light-transparent layer 140 can be same with those of the first through hole
122, which enables gapless filling between the light-transparent layer 140 and the first through
hole 122, thus making the surface of the first light shielding layer 120 highly flat.

In an embodiment, referring to Fig. 5, the fingerprint recognition area 121 is provided with a
plurality of first through holes 122 and light shielding portions 124 among the plurality of first
through holes 122.

Referring to Fig. 6, the display layer 110 includes a light-reflecting layer 150, the
light-reflecting layer 150 can produce reflected light illuminated by an outside light source, and in
this way, the user’s eyes can not only receive the light emitted by the display layer 110, but also
receive the reflected light produced by the light-reflecting layer 150. Particularly, the
light-reflecting layer 150 produces stronger reflected light when illuminated by a strong light
source outside, the stronger reflected light interrupts the display image of the display layer 110,
influencing the user experience. The light-reflecting layer 150 can be a reflecting sheet displaying
the light source or a metal signal line in the display layer 110.

Referring to Fig. 6, an orthographic projection area of the fingerprint recognition area 121 on
the second light shielding layer 130 coincides with an area of the second through hole 131. An
orthographic projection area of the light shielding portions 124 on the display layer 110 coincides
with a part of an area of the light-reflecting layer 150. In the present embodiment, by making the

light shielding portions 124 in the fingerprint recognition area 121 cover the area of the
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light-reflecting layer 150, the reflected light produced the area of the light-reflecting layer 150 is
blocked, and influence on the user’s visual sense by the light-reflecting layer 150 reflecting the
outside light source is reduced.

In the present embodiment, the first light shielding layer 120 is the polarizing layer and
configured to prevent a reflected light signal of the light-reflecting layer 150 from being
transmitted. In other embodiments, the first light shielding layer 120 can also be other
light-shielding components, such as the microelectronics printed layer or the flat layer. It could be
understood that the first light shielding layer 120 can also be disposed in other positions at a side,
towards the user, of the light-reflecting layer 150. For example, the first light shielding layer 120
can also be disposed in the display layer 110.

Referring to Fig. 7, the plurality of the first through holes 122 can be filled with a
light-transparent layer 140°, the light-transparent layer 140’ is provided with a first surface 141’
away from the display layer 110, the first light shielding layer 120 is provided with a second
surface 123 away from the display layer 110, and the first surface 141’ is flush with the second
surface 123. In the present embodiment, by filling the light-transparent layer 140’ in the first
through hole 122 and making respective surfaces, towards the user, of the light-transparent layer
140’ and the first light shielding layer 120 flush, not only the light-transparent layer 140” does not
influence the light transmittance of the first through hole 122, but also it is possible to avoid
causing the uneven surface of the first light shielding layer 120 when the first light shielding layer
120 is provided with the first through hole 122 and hence avoid influencing the flatness when
other functional layers are superposed on the first light shielding layer 120 subsequently.
Preferably, a shape and size of the light-transparent layer 140’ can be same with those of the first
through hole 122, which enables gapless filling between the light-transparent layer 140’ and the
first through hole 122, thus making the surface of the first light shielding layer 120 highly flat.

Referring to Fig. 8, the second through hole 131 is provided with a light-shielding sheet 160.
The light-shielding sheet 160 is provided with a light-transparent passage 162. Specifically, the
light-shielding sheet 160 includes a light-shielding pigment 161 and a light-transparent material, a
plurality of light-transparent passages 162 is formed of the light-transparent material, the
light-transparent passage 162 is along the thickness direction of the display screen 100, and a light
signal ¢ emitted and received by the optical fingerprint unit is transmitted through the plurality of
light-transparent passages 162. The light-shielding sheet 160 covers the second through hole 131,

allows transmitting of the light signal ¢ so that the light signal ¢ emitted and received by the
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fingerprint unit disposed below the second through hole 131 can be transmitted, and can reflect the
light so as to hide the fingerprint unit. Preferably, reflected light of the light-shielding sheet 160
has the same color with reflected light of the second light shielding layer 130, so as to make the
area of the second through hole 131 have the same display color as other areas of the second light
shielding layer 130 when the display layer 110 is in a non-display state such as in a screen-off state
of the mobile terminal, thereby reducing the visual influence of the second through hole 131 on the
user and enhancing the user experience. In the present embodiment, the light-shielding pigment
161 has the same color as the second light shielding layer 130, and it could be understood that, the
color of the light-shielding pigment 161 sensed by naked eyes of the user is the same as that of the
second light shielding layer 130. The color of the second light shielding layer 130 can be black,
white, or other colors, and correspondingly, the color of the light-shielding pigment 161 can also
be black, white, or other colors.

The light-transparent material can be a transparent material such as resin particles, glass
powders, or a mixture of resin particles and glass powders. These transparent materials have a
certain light transmission property and allow light to pass through. When the light-shielding sheet
160 is added with the light-transparent material, the light transmission property of the
light-shielding sheet 160 can be increased. The light-transparent material is in a granular shape. If
a granule of the light-transparent material is too small, the light transmission cannot be achieved.
If the granule of the light-transparent material is too large, the light-shielding sheet 160 and the
second light shielding layer 130 may have a color difference. Therefore, optionally, a size of the
granule of the light-transparent material is 1~20um. Further, if a ratio of the light-transparent
material to the light-shielding sheet 160 is too low, the light transmission property of the
light-shielding sheet 160 cannot be increased effectively. If the ratio of the light-transparent
material to the light-shielding sheet 160 is too high, the color of the light-shielding sheet 160 will
be influenced. Therefore, a mass percent of the light-transparent material to the light-shielding
sheet 160 1s 1%6~20%.

Further, an orthographic projection area of the plurality of first through holes 122 on the
second light shielding layer 130 can coincide with the area of the plurality of light-transparent
passages 162.

The fingerprint recognition area 121 can be circular, square, oval or in an irregular shape. The
irregular shape can be a shape adapted to a contact surface between the finger and the display

screen 100.
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The present disclosure doesn’t limit the shape, size and number of the first through hole 122
and the second through hole 131.

The present application doesn’t limit the size and number of the fingerprint recognition area
121, and the fingerprint recognition area 121 can be a local area of the display layer 110 or the
whole area of the display layer 110. When the fingerprint recognition area 121 is the local area of
the display layer 110, one fingerprint recognition area 121 or a plurality of fingerprint recognition
areas 121 can be provided.

Referring to Fig. 9, the present application further provides a display device 200, which
includes the display screen 100 according to any one of the above-mentioned embodiments, and
further includes an optical fingerprint unit 210 and a middle frame 211. The display screen 100
and the optical fingerprint unit 210 are fastened to the middle frame 211. The optical fingerprint
unit 210 is disposed at a side of the display layer 110 away from the first light shielding layer 120
and located at a position corresponding to an optical fingerprint recognition area 121. The optical
fingerprint unit 210 includes a light emitter 212 and a light inductor 213, and the fingerprint
recognition is performed by a first light signal emitted by the light emitter 212 and a second light
signal received by the light inductor 213 both passing through the first through hole 122. In other
embodiment, the fingerprint unit can also be the capacitive fingerprint unit, or the radio frequency
fingerprint unit, or the ultrasonic fingerprint unit.

When the finger is pressed on the display screen 100, light emitted by the light emitter 212
forms incident light d. The incident light d is cast on a fingerprint 214 through the light inductor
213, the second through hole 131 and the first through hole 122. Reflected light e is formed by the
reflection of the fingerprint 214, the reflected light e is received by the light inductor 213, and a
fingerprint image of the fingerprint 214 is obtained after the reflected light e is processed.

Referring to Fig. 10, embodiments of the present disclosure provide a mobile terminal 300,
including the display device 200 in any one of the above-mentioned embodiments. The mobile
terminal provided in embodiments of the present disclosure can be a portable electronic device or a
communication device, such as a smart phone, a personal digital assistant (PDA), a tablet
computer, a notebook computer, a POS machine, or even an onboard computer, which is not
limited thereto.

In the mobile terminal provided in embodiments of the present disclosure, the fingerprint
recognition area 121 of the first light shielding layer 120 is provided with at least one first through

hole 122, and the fingerprint unit is located at the position corresponding to the fingerprint
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recognition area 121. The at least one first through hole 122 increases transmittance of the sensing
signals received or emitted by the fingerprint unit 210, thereby improving the fingerprint

acquisition efficiency and enhancing the user experience.



CLAIMS

What isclaimed is:

1. A display screen (100), comprising a display layer (110) and afirst light shielding layer
(120), the display layer (110) having a display surface (111) towards a user, the first light
shielding layer (120) being arranged on the display surface (111), the first light shielding layer
(120) having a fingerprint recognition area (121), the fingerprint recognition area (121)
comprising at least one first through hole (122), the first through hole (122) being configured so
that sensing signals emitted and received by a fingerprint unit (210) located below the display
screen (100) can be transmitted through the first through hole (122);

wherein the display screen (100) further comprises a second light shielding layer (130), the
second light shielding layer (130) is disposed at a side of the display layer (110) away from the
first light shielding layer (120), the second light shielding layer (130) is provided with a second
through hole (131), and the second through hole (131) and the first through hole (122) are
configured so that the sensing signals emitted and received by the fingerprint unit (210) can be
transmitted through the second through hole (131) and the first through hole (122); the display
layer (110) comprises a light-reflecting layer (150), and the first light shielding layer (120) is
configured to block areflected light signal of the light-reflecting layer (150) from being emitted;

wherein the fingerprint recognition area (121) is provided with a plurality of first through
holes (122) and light shielding portions (124) among the plurality of first through holes (122); an
orthographic projection area of the fingerprint recognition area (121) on the second light
shielding layer (130) coincides with an area of the second through hole (131), and an
orthographic projection area of the light shielding portion (124) on the display layer (110)
coincides with an area of the light-reflecting layer (150).

2. The display screen (100) according to claim 1, wherein the first light shielding layer (120)
is selected from a group consisting of a light-filtering layer, a polarizing layer, a color
microelectronic printed layer, and aflat layer.

3. The display screen (100) according to claim 1 or 2, wherein the fingerprint unit (210) is
selected from a group consisting of an optical fingerprint unit, a capacitive fingerprint unit, a
radio frequency fingerprint unit, and an ultrasonic fingerprint unit.

4. The display screen (100) according to any one of claims 1 to 3, wherein the second light
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shielding layer (130) is selected from a group consisting of a light-shielding foam layer, a
lightproof ink layer, and areflective layer.

5. The display screen (100) according to any one of claims 1 to 4, wherein the first through
hole (122) and the second through hole (131) are disposed to be right opposite to each other, and
the first through hole (122) has the same size as the second through hole (131).

6. The display screen (100) according to any one of clams 1 to 5, wherein the first through
hole (122) is filled with a light-transparent layer, the light-transparent layer is provided with a
first surface away from the display layer (110), the first light shielding layer (120) is provided
with a second surface away from the display layer (110), and the first surface is flush with the
second surface.

7. The display screen (100) according to clam 6, wherein a shape and size of the
light-transparent layer are same with a shape and size of the first through hole (122).

8. The display screen (100) according to claim 1, wherein the second through hole (131) is
provided with a light-shielding sheet (160), the light-shielding sheet (160) comprises a
light-shielding pigment (161) and a light-transparent material, a plurality of light-transparent
passages (162) is formed of the light-transparent material, the plurality of light-transparent
passages (162) is configured so that a light signal emitted and received by the fingerprint unit
(210) can be transmitted through the plurality of light-transparent passages (162), and the
light-shielding pigment (161) has the same color as the second light shielding layer (130).

9. The display screen (100) according to claim 8, wherein the light-transparent material is
selected from a group consisting of resin particles, glass powders, and a mixture of resin particles
and glass powders.

10. The display screen (100) according to claim 8 or 9, wherein an orthographic projection
area of the plurality of first through holes (122) on the second light shielding layer (130)
coincides with an area of the plurality of light-transparent passages (162).

11. The display screen (100) according to any one of claims 1 to 4 and 6 to 10, wherein the
first through hole (122) and the second through hole (131) are disposed to be right opposite to
each other.

12. The display screen according to any one of claims 1 to 4 and 6 to 10, wherein the first
through hole (122) and the second through hole (131) have an equal diameter.

13. The display screen according to any one of claims 1 to 12, wherein the first through hole
(122) is defined in the first light shielding layer (120).
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14. The display screen according to any one of claims 8 to 10, wherein reflected light of the
light-shielding sheet (160) has the same color with reflected light of the second light shielding
layer (130).

15. The display screen according to any one of claims 8 to 10, wherein a size of a granule of
the light-transparent material is 1~20um.

16. The display screen according to any one of claims 8 to 10, wherein a mass percent of the
light-transparent material to the light-shielding sheet is 1%6~20%.

17. A display device, comprising a display screen (100) according to any one of claims 1 to
16, and further comprising a fingerprint unit (210) and a middle frame (211), the display screen
(100) and the optical fingerprint unit (210) being fastened to the middle frame (211), the
fingerprint unit (210) being disposed at a side of the display layer (110) away from the first light
shielding layer (120) and located at a position corresponding to an optical fingerprint recognition
area (121), the fingerprint unit (210) comprising alight emitter (212) and alight inductor (213),
and fingerprint recognition being performed by a first light signal emitted by the light emitter
(212) and a second light signal received by the light inductor (213) passing through the first
through hole (122).

18. The display device according to claim 17, wherein the fingerprint unit (210) is selected
from a group consisting of an optical fingerprint unit, a capacitive fingerprint unit, a radio
frequency fingerprint unit, and an ultrasonic fingerprint unit.

19. A mobile terminal, comprising a display device according to claim 17 or 18.
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