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1
ORGANIC LIGHT EMITTING DISPLAY
PANEL, DRIVING METHOD THEREOF AND
ORGANIC LIGHT EMITTING DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to a Chinese patent appli-
cation No. CN201710287806.7 filed on Apr. 27, 2017, the
disclosure of which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

Embodiments of the present disclosure relate to display
technology, and particularly relate to a display apparatus, a
fingerprint identification method thereof, and an electronic
device.

BACKGROUND

Fingerprints are inherent and unique for every person.
With the development of science and technology, various
display apparatuses with a fingerprint identification func-
tion, such as a mobile phone, a tablet computer, an intelli-
gent wearable device and the like, have appeared in market.
Before a user operates a display apparatus with the finger-
print identification function, he/she only needs to touch a
fingerprint identification sensor of the display apparatus by
a finger to perform an authority verification, thereby sim-
plifying a process of the authority verification.

In an existing display apparatus with the fingerprint
identification function, the light emitted from a light source
for fingerprint identification irradiates a plurality of finger-
print identification sensors after being reflected by the finger,
so that each fingerprint identification sensor receives cross-
talk signals from other positions besides receiving finger-
print signals from a position corresponding to the fingerprint
identification sensor. Accordingly, the precision of a finger-
print identification sensor is degraded.

SUMMARY

Embodiments of the present disclosure provide a display
apparatus, a fingerprint identification method thereof, and an
electronic device, to improve fingerprint identification pre-
cision of the display apparatus.

In a first aspect, embodiments of the present disclosure
provide a display apparatus. The display apparatus includes:
a display panel and a cover plate disposed on the display
panel. The display panel includes an array substrate, an
organic light emitting layer disposed at one side of the array
substrate facing the cover plate, and a fingerprint identifi-
cation array. The organic light emitting layer includes a
plurality of organic light emitting configurations. Light
emerges from a first surface of the cover plate facing away
from the array substrate.

In a fingerprint identification phase, the plurality of
organic light emitting configurations are arranged to emit
light according to a first light emitting lattice. The first
emitting lattice includes a plurality of organic light emitting
configurations being illuminated, and the first emitting lat-
tice shifts for each frame to be displayed. A distance between
any two adjacent organic light emitting configurations in the
first light emitting lattice is greater than or equal to a
minimum crosstalk-free distance. The minimum crosstalk-
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free distance is a maximum radius of a covering region
formed on the fingerprint identification array by the light
emitted from any organic light emitting configuration and
reflected through the first surface of the cover plate.

In a second aspect, embodiments of the present disclosure
further provide an electronic device. The electronic device
includes the above display apparatus.

In a third aspect, embodiments of the present disclosure
further provide a fingerprint identification method of a
display apparatus. The display apparatus includes: a display
panel and a cover plate disposed on the display panel. The
display panel includes an array substrate, an organic light
emitting layer disposed at a side of the array substrate facing
the cover plate, and a fingerprint identification array. The
organic light emitting layer includes a plurality of organic
light emitting configurations. Light emerges from a first
surface of the cover plate facing away from the array
substrate.

The fingerprint identification method includes:

in a fingerprint identification phase, controlling each of
the organic light emitting configurations in the organic light
emitting layer to emit light according to a first light emitting
lattice, the first emitting lattice includes a plurality of
organic light emitting configurations being illuminated, and
the first emitting lattice shifts for each frame to be displayed,
a distance between any two adjacent organic light emitting
configurations in the first light emitting lattice is greater than
or equal to a minimum crosstalk-free distance, the minimum
crosstalk-free distance is a maximum radius of a covering
region formed on the fingerprint identification array by the
light emitted from any organic light emitting configuration
and then reflected through the first surface of the cover plate;
and

performing, by the fingerprint identification array, finger-
print identification according to the light rays on each of the
fingerprint identification units reflected through a touch
body on the first surface of the cover plate.

In the display apparatus provided by embodiments of the
present disclosure, in the fingerprint identification phase, a
plurality of organic light emitting configurations emit light
according to the first light emitting lattice. A distance
between any two adjacent organic light emitting configura-
tions in the first light emitting lattice is greater than or equal
to a minimum crosstalk-free distance. The minimum cross-
talk-free distance is a maximum radius of a covering region
formed on the fingerprint identification array by the light
emitted from any organic light emitting configuration and
then reflected through the first surface of the cover plate.
Apparently, reflected light of a fingerprint of any organic
light emitting configuration which emits light in the first
light emitting lattice never irradiate the fingerprint identifi-
cation units corresponding to other organic light emitting
configurations which simultaneously emit light, namely, the
fingerprint identification unit corresponding to any organic
light emitting configuration in the first light emitting lattice
can only receive the fingerprint reflection light of the organic
light emitting configuration corresponding thereto. There-
fore, the fingerprint identification units do not receive cross-
talk signals from other organic light emitting configurations,
and accordingly, since a fingerprint identification circuit of
the display apparatus performs fingerprint identification
according to inductive signals generated by the fingerprint
identification units, the fingerprint identification precision of
the display apparatus can be improved.

BRIEF DESCRIPTION OF DRAWINGS

In order to more clearly describe technical solutions in
embodiments of the present disclosure or an existing art,



US 10,325,967 B2

3

drawings to be used in description of embodiments or the
existing art will be simply introduced. Apparently, the
drawings in the description below are some embodiments of
the present disclosure. For those ordinary skilled in the art,
other drawings can also be obtained according to these
drawings without contributing creative labor.

FIG. 1A s a schematic cross sectional diagram illustrating
a display apparatus provided by an embodiment of the
present disclosure;

FIG. 1B is a local top view illustrating the display
apparatus shown in FIG. 1A;

FIG. 1C is a scanning schematic diagram in a fingerprint
identification phase of the display apparatus shown in FIG.
1A;

FIG. 1D is a schematic cross sectional diagram illustrat-
ing a specific structure of FIG. 1A;

FIG. 2 is a schematic cross sectional diagram illustrating
crosstalk of a display apparatus;

FIG. 3 is a schematic cross sectional diagram illustrating
a second display apparatus provided by an embodiment of
the present disclosure;

FIG. 4A is a schematic diagram illustrating a third display
apparatus provided by an embodiment of the present dis-
closure;

FIG. 4B is a cross sectional view of FIG. 4A cut along line
A-AY

FIG. 5A is a schematic diagram illustrating a fourth
display apparatus provided by an embodiment of the present
disclosure;

FIG. 5B is a cross sectional view of FIG. 5A cut along line
B-B';

FIG. 6A to FIG. 6B are schematic cross sectional dia-
grams illustrating two display apparatuses provided by an
embodiment of the present disclosure;

FIG. 6C is a top view illustrating the display apparatuses
shown in FIG. 6A to FIG. 6B;

FIG. 7A to FIG. 7B are scanning schematic diagrams
illustrating fingerprint identification phases of two display
apparatuses provided by another embodiment of the present
disclosure;

FIG. 8A to FIG. 8C are schematic diagrams illustrating
three types of first light emitting lattices provided by another
embodiment of the present disclosure;

FIG. 9A is a scanning schematic diagram illustrating a
square array of a display apparatus;

FIG. 9B is a scanning schematic diagram illustrating a
hexagonal array of a display apparatus provided by an
embodiment of the present disclosure;

FIG. 10 is a flow chart illustrating a fingerprint identifi-
cation method of a display apparatus provided by still
another embodiment of the present disclosure;

FIG. 11A is a top structural schematic diagram illustrating
a display panel provided by an embodiment of the present
disclosure;

FIG. 11B is a cross sectional structural schematic diagram
along line C-C' direction in FIG. 11A;

FIG. 12A 1s a top structural schematic diagram illustrating
an angle limiting film provided by an embodiment of the
present disclosure;

FIG. 12B is a cross sectional structural schematic diagram
along line D-D' direction in FIG. 12A;

FIG. 12C is a cross sectional structural schematic diagram
illustrating a display panel provided by an embodiment of
the present disclosure;

FIG. 12D is a geometrical relationship diagram illustrat-
ing a diffusion distance of the angle limiting film shown in
FIG. 12A;
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FIG. 12E is a top structural schematic diagram illustrating
another angle limiting film provided by an embodiment of
the present disclosure;

FIG. 13A 1s a top structural schematic diagram illustrating
another angle limiting film provided by an embodiment of
the present disclosure;

FIG. 13B is a cross sectional structural schematic diagram
along line E-E' direction in FIG. 13A;

FIG. 13C is a top structural schematic diagram illustrating
another angle limiting film provided by an embodiment of
the present disclosure;

FIG. 14A is a top structural schematic diagram illustrating
another angle limiting film provided by an embodiment of
the present disclosure;

FIG. 14B is a cross sectional structural schematic diagram
along an extension direction of optical fiber configurations
in FIG. 14A;

FIG. 14C is a geometrical relationship diagram illustrat-
ing a diffusion distance of an angle limiting film shown in
FIG. 14A;

FIG. 15A is a top structural schematic diagram illustrating
another angle limiting film provided by an embodiment of
the present disclosure;

FIG. 15B is a cross sectional structural schematic diagram
along line F-F' direction in FIG. 15A,;

FIG. 16A is a top structural schematic diagram illustrating
a touch display panel provided by an embodiment of the
present disclosure;

FIG. 16B is a local amplified schematic diagram illus-
trating S1 region in FIG. 16A;

FIG. 16C is a cross sectional structural schematic diagram
along line G-G' direction in FIG. 16A;

FIG. 16D is a schematic diagram illustrating a distance
range between a first closed coil and a second closed coil;

FIG. 16E is a local amplified schematic diagram illustrat-
ing another S1 region provided by an embodiment of the
present disclosure;

FIG. 17 is a top structural schematic diagram illustrating
another touch display panel provided by an embodiment of
the present disclosure;

FIG. 18A is a cross sectional structural schematic diagram
illustrating another touch display panel provided by an
embodiment of the present disclosure;

FIG. 18B is a local amplified schematic diagram illus-
trating another 81 region provided by an embodiment of the
present disclosure;

FIG. 18C is a schematic circuit diagram illustrating a
pixel driving circuit provided by an embodiment of the
present disclosure;

FIG. 18D is a schematic diagram illustrating a signal time
sequence state of a pixel driving circuit provided by an
embodiment of the present disclosure;

FIG. 19 is a cross sectional structural schematic diagram
illustrating another touch display panel provided by an
embodiment of the present disclosure;

FIG. 20 is a cross sectional structural schematic diagram
illustrating a display panel provided by an embodiment of
the present disclosure;

FIG. 21A is a schematic diagram illustrating an optical
path before light emitted from an organic light emitting layer
being reflected by a touch body provided by an embodiment
of the present disclosure;

FIG. 21B is a schematic diagram illustrating an optical
path after light emitted from an organic light emitting layer
being reflected by a touch body provided by an embodiment
of the present disclosure;
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FIG. 22 is a schematic diagram illustrating an optical path
of fingerprint noise light emitted from an organic light
emitting layer provided by an embodiment of the present
disclosure;

FIG. 23A is a circuit diagram illustrating a fingerprint
sensor in a fingerprint identification module provided by an
embodiment of the present disclosure;

FIG. 23B is a cross sectional structural schematic diagram
illustrating a fingerprint sensor in a fingerprint identification
module provided by an embodiment of the present disclo-
sure;

FIG. 24 is a schematic diagram illustrating a display panel
provided by an embodiment of the present disclosure;

FIG. 25 is a cross sectional schematic diagram illustrating
a display panel along a sectional line in FIG. 24;

FIG. 26 is a structural schematic diagram illustrating
another display panel provided by an embodiment of the
present disclosure;

FIG. 27 to FIG. 32 are cross sectional schematic diagrams
illustrating various display panels provided by embodiments
of the present disclosure; and

FIG. 33 is a schematic diagram illustrating an electronic
device provided by another embodiment of the present
disclosure.

DETAILED DESCRIPTION

To make objectives, technical solutions and advantages of
the present disclosure more clear, the technical solutions of
the present disclosure will be clearly and fully described
below through embodiments with reference to drawings for
embodiments of the present disclosure. Apparently,
described embodiments are some embodiments of the pres-
ent disclosure, not all of the embodiments. All other embodi-
ments obtained by those ordinary skilled in the art without
contributing creative labor based on embodiments in the
present disclosure belong to a protection scope of the present
disclosure.

FIG. 1A is a schematic cross sectional diagram illustrating
a display apparatus provided by embodiments of the present
disclosure. FIG. 1B is a local top view illustrating the
display apparatus shown in FIG. 1A. FIG. 1C is a scanning
schematic diagram illustrating a fingerprint identification
phase of a display apparatus shown in FIG. 1A. The display
apparatus provided by embodiments of the present disclo-
sure includes: a display panel 100 and a cover plate 200
disposed on the display panel 100. The display panel 100
includes an array substrate 110, an organic light emitting
layer 120 disposed at one side of the array substrate 110
facing the cover plate 200, and a fingerprint identification
array 130. The organic light emitting layer 120 includes a
plurality of organic light emitting configurations 121. The
cover plate 200 has a first surface facing away from the array
substrate 100, and the first surface is a light exiting surface
of the display apparatus. In a fingerprint identification phase,
the plurality of organic light emitting configurations 121
emit light in the first light emitting lattice 122 and shift. A
distance J between any two adjacent organic light emitting
configurations 121 in the first light emitting lattice 122 is
greater than or equal to a minimum crosstalk-free distance L.
The minimum crosstalk-free distance L is a maximum radius
of a covering region 132 formed on the fingerprint identi-
fication array 130 by the light emitted from any organic light
emitting configuration 121 and then reflected by the first
surface of the cover plate 200. In the present embodiment,
the display apparatus is optionally an organic light emitting
display apparatus. Optionally, the fingerprint identification
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array 130 is arranged at a side of the array substrate 110
facing away from the cover plate 200. The fingerprint
identification array 130 includes a plurality of fingerprint
identification units 131. The plurality of fingerprint identi-
fication units 131 and the plurality of organic light emitting
configurations 121 are correspondingly arranged respec-
tively.

In the display apparatus provided by embodiments of the
present disclosure, the fingerprint identification is performed
by adopting the display panel 100 as a light source for
fingerprintidentification. Specifically, the organic light emit-
ting configuration 121 of the organic light emitting layer 120
in the display panel 100 is adopted as a light source of the
fingerprint identification unit 131 to perform the fingerprint
identification. When a finger of a user presses the first
surface of the cover plate 200, the light rays emitted from the
organic light emitting configuration 121 irradiate the finger
of the user through the first surface of the cover plate 200.
Then, the light rays are reflected by the finger of the user to
form a reflected light, and the fingerprint reflection light is
incident on the first surface of the cover plate 200 and
irradiates the fingerprint identification unit 131 correspond-
ing to the organic light emitting configuration 121 emitting
light. The fingerprint identification unit 131 which received
the fingerprint reflection light generates an inductive signal,
and a fingerprint identification circuit of the display appa-
ratus can perform the fingerprint identification according to
the inductive signal. The first light emitting lattices 122 are
adopted as detection light sources of the fingerprint identi-
fication units 131 because the light rays emitted from the
organic light emitting configurations 121 have a wide range
of angular distribution. As shown in FIG. 2, in the case that
all the organic light emitting configurations 12¢ of the
organic light emitting layer 120 are adopted by the display
apparatus to simultaneously emit light for performing the
fingerprint identification, besides the fingerprint reflection
light from the corresponding organic light emitting configu-
ration 12a, each fingerprint identification unit 13 also
receives crosstalk signals from other organic light emitting
configurations 12a, causing low fingerprint identification
precision.

In order to improve the fingerprint identification preci-
sion, in a fingerprint identification phase of the display
apparatus provided by the present embodiment, a plurality
of organic light emitting configurations 121 emit light in the
first light emitting lattice 122 and shift, and a distance J
between any two adjacent organic light emitting configura-
tions 121 in the first light emitting lattices 122 is greater than
or equal to a minimum crosstalk-free distance L. As shown
in FIG. 1A and FIG. 1B, the light rays emitted from the
organic light emitting configurations 121 have angular dis-
tribution, so a covering region 132 is formed on the finger-
print identification array 130 by the light emitted from the
organic light emitting configurations 121 and then reflected
through the first surface of the cover plate 200. The finger-
print reflection light for the light emitted at any angle from
the organic light emitting configurations 121 will fall into
the covering region 132. A maximum radius of the covering
region 132 is the minimum crosstalk-free distance L. In the
present embodiment, since the distance J between any two
adjacent organic light emitting configurations 121 in the first
light emitting lattices 122 is greater than or equal to the
minimum crosstalk-free distance L, the fingerprint reflection
light for any organic light emitting configuration 121 will
not irradiate the fingerprint identification units 131 corre-
sponding to other organic light emitting configurations 121
which simultaneously emit light. In other words, each fin-
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gerprint identification unit 131 corresponding to any one of
the organic light emitting configurations 121 in the first light
emitting lattices 122 can only receive the fingerprint reflec-
tion light from the organic light emitting configuration 121
corresponding to the fingerprint identification unit. There-
fore, in the display apparatus provided by the present
embodiment, the fingerprint identification unit 131 will not
receive the crosstalk signals from other organic light emit-
ting configurations. Accordingly, the fingerprint identifica-
tion circuit of the display apparatus performs fingerprint
identification according to the inductive signals generated by
the fingerprint identification unit 131, thereby improving the
fingerprint identification precision of the display apparatus.

It should be noted that the fingerprint reflection light is a
light reflected from the fingerprint of the finger of the user
pressed on the first surface of the cover plate 200, and is
generated by reflecting the light rays emitted from the
organic light emitting configuration 121. Since a distance
between the fingerprint of the finger of the user and the first
surface of the cover plate 200 is very small compared with
a thickness of the display apparatus, such distance has small
influence on a scope of the covering region 132. Therefore,
in the present embodiment, a reflection distance between the
finger of the user and the first surface of the cover plate 200
is omitted in setting the minimum crosstalk-free distance L.
In addition, the radius L of the covering region 132 should
be substantially computed by taking the central point of the
organic light emitting configuration 121 as the origin. How-
ever, a large number of organic light emitting configurations
121 are arranged in the actual display apparatus. Accord-
ingly, the sizes of the organic light emitting configuration
121 is small. Therefore. in the present embodiment, the
organic light emitting configuration 121 can be integrally
regarded as the origin of the covering region 132. In other
words, the radius L of the covering region 132 indicates a
length from an edge of the organic light emitting configu-
ration 121 to an edge of the covering region 132, and the
sizes of the organic light emitting configuration 121 is not
counted into the minimum crosstalk-free distance L. It can
be understood by those skilled in the art that, the minimum
crosstalk-free distance L is related to factors such as the
thickness of the display apparatus, a light emergent angle of
the organic light emitting configurations and the like. There-
fore, the minimum crosstalk-free distances L of different
display apparatuses are different in numerical values. In
other optional embodiments, the size of the organic light
emitting configuration is optionally counted into the mini-
mum crosstalk-free distance L, which is not specifically
limited in the present disclosure.

As mentioned above, the light rays emitted from the
organic light emitting configurations 121 have angular dis-
tribution, and the minimum crosstalk-free distance L is a
maximum radius of the covering region 132 formed on the
fingerprint identification array 130 by the light emitted from
any organic light emitting configuration 121 and reflected by
the first surface of the cover plate 200. Apparently, a region,
defined by the reflected light for the light rays emitted from
the edge of the organic light emitting configurations 121
with a maximum angle, on the fingerprint identification
array 130 is the covering region 132. Each reflected light for
the light rays emitted from the organic light emitting con-
figurations 121 with any angle falls into the covering region
132.

As shown in FIG. 1D, in embodiments of the present
disclosure, the organic light emitting layer 120 includes a
first electrode 120c¢, a light emitting functional layer 1204
and a second electrode 120e arranged successively along a

20

25

40

45

60

65

8

direction in which the organic light emitting configurations
121 are away from the array substrate 110. A first electrode
120c, a light emitting functional layer 1204 arranged cor-
respondingly to the first electrode 120¢, and a second
electrode 120e corresponding to the first electrode 120¢
form an organic light emitting unit. If the organic light
emitting layer 120 includes organic light emitting units of
three colors, each organic light emitting configuration 121
includes organic light emitting units of three different colors.
If signals are applied to the first electrode 120¢ and the
second electrode 120e, the light emitting functional layer
1204 emits light. The light rays emitted from the light
emitting functional layer 1204 has angular distribution. The
fingerprint reflects the signals essentially through specular
reflection. In other words, a reflection angle is equal to an
incident angle. As can be known that [=tan 6*H1+tan 6*H2,
where L is the minimum crosstalk-free distance; 0 is an
included angle between a direction corresponding to a preset
brightness of the organic light emitting configurations 121
and a direction perpendicular to the organic light emitting
layer; H1 is a height from the first surface of the cover plate
200 to the light emitting functional layer in the direction
vertical to the display apparatus; H2 is a height from the first
surface of the cover plate 200 to the fingerprint identification
array 130 in the direction vertical to the display apparatus;
and the preset brightness is less than or equal to 10% of a
brightness in the direction perpendicular to the organic light
emitting layer.

In the present embodiment, an angle of the light rays
emitted from the organic light emitting configurations 121 is
related to the brightness of the organic light emitting con-
figurations 121. The brightness is a subjective feeling for
(decoloration) light emitting intensity. The brightness of the
organic light emitting configurations 121 in a vertical direc-
tion is defined as 100% in the present embodiment. The
lower the percentage of the brightness is, the larger the
corresponding light emergent angle (an included angle
between the direction of the light emitted and the direction
vertical to the organic light emitting layer) is and the weaker
the light emitting intensity is. When the brightness of the
organic light emitting configuration 121 is less than or equal
to 10%, the light intensity of the light rays emitted from the
organic light emitting configuration 121 is very weak.
Therefore, the reflected light generated on the first surface of
the cover plate 200 by the light rays emitted from the organic
light emitting configuration 121 will not cause crosstalk to
the fingerprint identification unit 131. Therefore, in the
present embodiment, the light emergent angle of the organic
light emitting configuration 121 is set by taking 10% of the
brightness as a critical value. Based on this, 0 is determined
as follows: measuring the brightness of the organic light
emitting configuration 121 in the vertical direction; deter-
mining a position corresponding to 10% of the brightness in
the direction vertical to the organic light emitting layer; and
determining 8 according to the included angle between the
direction of the position and the direction vertical to the
organic light emitting layer. It can be understood for those
skilled in the art that the light intensities of the organic light
emitting configurations of different display apparatuses may
be different, and preset brightness values may also be
different accordingly. For example, in other optional
embodiments, the preset brightness value is optionally 12%
or 9% and the like of the brightness in the direction
perpendicular to the organic light emitting layer, which is
not limited in the present disclosure.

FIG. 1C illustrates a scanning schematic diagram of the
display apparatus. In the phase of fingerprint identification,
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the display apparatus performs the fingerprint identification
in a manner of screen scanning. Specifically, the organic
light emitting configurations 121 are illuminated at the same
time according to the first light emitting lattice 122, and the
inductive signals generated by the fingerprint identification
units 131 in positions corresponding to the illuminated
organic light emitting configurations 121 are recorded. In a
next screen, the organic light emitting configurations 121
illuminated at the same time shift and corresponding induc-
tive signals are recorded until all the organic light emitting
configurations 121 are illuminated circularly; and the fin-
gerprint identification is performed based on the acquired
inductive signals of each fingerprint identification unit 131.
Since no crosstalk signal is received by the fingerprint
identification unit 131 in the present embodiment, the fin-
gerprint identification precision of the present embodiment
is very high. It can be understood for those skilled in the art
that the first light emitting lattice optionally is a minimum
repeating unit formed by a plurality of organic light emitting
configurations that emit light at the same time, and is not
limited to a lattice formed by a plurality of organic light
emitting configurations that emit light at the same time.

In the display apparatus provided by embodiments of the
present disclosure, in the phase of fingerprint identification,
a plurality of organic light emitting configurations emit light
in the first light emitting lattice and shift. A distance between
any two adjacent organic light emitting configurations in the
first light emitting lattice is greater than or equal to the
minimum crosstalk-free distance. The minimum crosstalk-
free distance is a maximum radius of a covering region
formed on the fingerprint identification array by the light
emitted from any organic light emitting configuration and
reflected through the first surface of the cover plate. Appar-
ently, the fingerprint reflection light of any organic light
emitting configuration in the first light emitting lattice will
never irradiate the fingerprint identification units corre-
sponding to other organic light emitting configurations that
emit light simultaneously. In other words, each fingerprint
identification unit only receives the fingerprint reflection
light of the organic light emitting configuration correspond-
ing to the fingerprint identification unit in the first light
emitting lattice. Therefore, no crosstalk signal from other
organic light emitting configurations is received by each
fingerprint identification unit. Accordingly, the fingerprint
identification precision of the display apparatus is improved
because the fingerprint identification is performed by the
fingerprint identification circuit of the display apparatus
based on inductive signals generated by the fingerprint
identification units.

It should be noted that the display apparatus shown in
FIG. 1A is only one type of structure of the display apparatus
in the present disclosure. A plurality of display apparatuses
of different structures are further provided by other embodi-
ments of the present disclosure.

Embodiments of the present disclosure further provide a
second type of display apparatus which is different from the
display apparatus shown in FIG. 1A only in structures.
Specifically, as shown in FIG. 3, in the display apparatus, a
thin film transistor array 111, the fingerprint identification
array 130 and the organic light emitting layer 120 are
stacked at one side of the array substrate 110 facing the
cover plate 200. As shown in FIG. 3, the fingerprint iden-
tification array 130 is arranged between the thin film tran-
sistor array 111 and the organic light emitting layer 120. The
fingerprint identification array 130 and the thin film transis-
tor array 111 are stacked and insulated from each other, and
the fingerprint identification array 130 and the organic light
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emitting layer 120 are stacked and insulated from each other.
The process of fingerprint identification of the display
apparatus is similar to that of the display apparatus shown in
FIG. 1A, and is not repeated herein. It should be noted that
the fingerprint identification array 130 is arranged between
the thin film transistor array 111 and the organic light
emitting layer 120, and thus will not influence an aperture
ratio of the first electrode in the organic light emitting
configurations 121 in the organic light emitting layer 120.
Therefore, an arrangement mode of the fingerprint identifi-
cation units 131 in the fingerprint identification array 130
can be determined as required by products, and is not
specifically limited in the present disclosure.

Embodiments of the present disclosure further provide a
third type of display apparatus which is different from any
of the above display apparatuses only in structures. Specifi-
cally, FIG. 4A is a top view of the display apparatus. FIG.
4B is a cross sectional view of FIG. 4A along line A-A'". In
the display apparatus shown in FIG. 4A to FIG. 4B, the thin
film transistor array 111, the organic light emitting layer 120
and the fingerprint identification array 130 are stacked at a
side of the array substrate 110 facing the cover plate 200. As
shown in FIG. 4A, the organic light emitting layer 120
includes a display region 120a and a non-display region
1205. A projection of the fingerprint identification array 130
in the direction vertical to the display apparatus is within the
non-display region 1205 of the organic light emitting layer
120. As shown in FIG. 4A to FIG. 4B, the fingerprint
identification array 130 is arranged on a surface of one side
of the organic light emitting layer 120 facing the cover plate
200. The fingerprint identification array 130 and the organic
light emitting layer 120 are stacked and insulated from each
other. The fingerprint identification process of the display
apparatus is similar to that of the display apparatus shown in
FIG. 1A, and is not repeated herein. It should be noted that
the fingerprint identification array 130 is arranged on the
surface of the side of the organic light emitting layer 120
facing the cover plate 200. In order to avoid reducing the
aperture ratio of the first electrode 120c¢ in the organic light
emitting configurations 121, projections of the fingerprint
identification units 131 in the fingerprint identification array
130 in the direction vertical to the display apparatus are
within the non-display region 1204 of the organic light
emitting layer 120.

Embodiments of the present disclosure further provide a
fourth type of display apparatus which is different from any
of the above display apparatuses only in structures. Specifi-
cally, FIG. 5A is a top view of the display apparatus, and
FIG. 5B is a cross sectional view of FIG. 5A along line B-B'.
In the display apparatus shown in FIG. 5A to FIG. 5B, the
display panel 100 further includes an encapsulating glass
140 disposed at a side of the array substrate 110 facing the
cover plate 200. The organic light emitting layer 120 is
arranged at the side of the array substrate 110 facing the
cover plate 200. The fingerprint identification array 130 is
arranged at a side of the encapsulating glass 140 facing the
array substrate 110. The organic light emitting layer 120
includes a display region 120a and a non-display region
1205. The projection of the fingerprint identification array
130 in the direction vertical to the display apparatus is within
the non-display region 1205 of the organic light emitting
layer 120. The display apparatus is encapsulated with the
encapsulating glass 140. The fingerprint identification array
130 is arranged at a side of the encapsulating glass 140
facing the array substrate 110, i.e., an inner side of the
encapsulating glass 140. The fingerprint identification pro-
cess of the display apparatus is similar to that of the display
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apparatus shown in FIG. 1A, and is not repeated herein. In
order to avoid reducing the aperture ratio, the projections of
the fingerprint identification units 131 in the fingerprint
identification array 130 in the direction vertical to the
display apparatus are within the non-display region 1205 of
the organic light emitting layer 120.

Embodiments of the present disclosure further provide
two types of display apparatuses which are different from
any of the above display apparatuses only in structures.
Specifically, in the display apparatuses shown in FIG. 6A
and FIG. 6B, the display panel 100 further includes a film
encapsulating layer 150 disposed at a side of the array
substrate 110 facing the cover plate 200. The organic light
emitting layer 120 is arranged at the side of the array
substrate 110 facing the cover plate 200. As shown in FIG.
6A, the fingerprint identification array 130 is arranged at a
side of the film encapsulating layer 150 facing the array
substrate 110. As shown in FIG. 6B, the fingerprint identi-
fication array 130 is arranged at a side of the film encapsu-
lating layer 150 facing away from the array substrate 110. As
shown in FIG. 6C, the organic light emitting layer 120
includes a display region 120a and a non-display region
1205. The projection of the fingerprint identification array
130 1in the direction vertical to the display apparatus is within
the non-display region 1205 of the organic light emitting
layer 120. The display apparatus is encapsulated with the
film encapsulating layer 150. The fingerprint identification
array 130 can be arranged at an inner side of the film
encapsulating layer 150, and can also be arranged at an outer
side of the film encapsulating layer 150. The fingerprint
identification process of these display apparatuses is similar
to that of the display apparatus shown in FIG. 1A, and is not
repeated herein. In order to avoid reducing the aperture ratio,
the projections of the fingerprint identification units 131 in
the fingerprint identification array 130 in the direction
vertical to the display apparatus are within the non-display
region 1205 of the organic light emitting layer 120.

It should be noted that fingerprint information is read by
the display apparatus in the manner of screen scanning. In
one frame, the organic light emitting configurations 121 are
controlled to emit light according to the first light emitting
lattice 122, and the fingerprint signals from the fingerprint
identification units 131 corresponding to the organic light
emitting configurations 121 which emit light are collected.
In a next frame, the organic light emitting configurations 121
which emit light shift. The organic light emitting configu-
rations 121 which emit light shift successively until all the
organic light emitting configurations 121 are illuminated
through multiple frames. Apparently, the fingerprint infor-
mation is read by the display apparatus through multiple
frames. The smaller the number of the organic light emitting
configurations 121 being illuminated in the one-frame pic-
ture is, the more the number of frames required for the
reading of the fingerprint information is, and the longer the
time required for reading the fingerprint information is. For
example, assuming that the fingerprint information is read
by the display apparatus in the manner of screen scanning
shown in FIG. 7A, and the number of the organic light
emitting configurations 121 which emit light simultaneously
in the one frame (11*10 organic light emitting configura-
tions) 1s 9. In this case, at least 12 frames need to be scanned
to complete the reading of the fingerprint information from
the fingerprint identification units 131 for all the organic
light emitting configurations 121, and the time for reading
the fingerprint information for each frame is constant.

To reduce the time required for reading the fingerprint,
optionally, as shown in FIG. 7B, the plurality of organic light
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emitting configurations 121 of the first light emitting lattice
122 form a plurality of patterns. As shown in FIG. 7B, an
angle of each corner of pattern 123 with a minimum area
among the plurality of patterns is not equal to 90°. Appar-
ently, compared with FIG. 7A, the distance J between any
two adjacent organic light emitting configurations 121 emit-
ting light in the first light emitting lattice 122 is reduced.
Accordingly, the number of the organic light emitting con-
figurations 121 illuminated in the one frame is larger.
Specifically, the number of the organic light emitting con-
figurations 121 emitting light simultaneously in one frame
(11*10 organic light emitting configurations) is 12, so at
most 10 frames need to be scanned to complete the reading
of the fingerprint information from the fingerprint identifi-
cation units 131 for all the organic light emitting configu-
rations 121. By forming a plurality of patterns with the
plurality of organic light emitting configurations 121 in the
first light emitting lattice 122 and setting the angle of each
corner of the pattern 123 with a minimum area among the
plurality of patterns to be not equal to 90°, the number of the
organic light emitting configurations 121 illuminated simul-
taneously is increased while no signal crosstalk is ensured,
so as to significantly reduce the time required for reading the
fingerprint.

Exemplarily, based on the display apparatuses described
in any of above embodiments, optionally, the first light
emitting lattice 122 is a pentagonal light emitting lattice
including a central organic light emitting configuration 121
and five marginal organic light emitting configurations 121,
as shown in FIG. 8A. The organic light emitting configu-
rations 121 of the first light emitting lattice 122 form a
plurality of patterns, and an angle of each corner of pattern
123 with a minimum area among the plurality of patterns is
not equal to 90°. The pentagonal light emitting lattice can
increase the number of the organic light emitting configu-
rations 121 illuminated simultaneously while ensuring no
signal crosstalk, thereby reducing the time required for
reading the fingerprint.

Exemplarily, based on the display apparatuses described
in any of above embodiments, optionally, the first light
emitting lattice 122 is a hexagonal light emitting lattice
including a central organic light emitting configuration 121
and six marginal organic light emitting configurations 121,
as shown in FIG. 8B. The hexagonal light emitting lattice
can increase the number of the organic light emitting con-
figurations 121 illuminated simultaneously while ensuring
no signal crosstalk, thereby reducing the time required for
reading the fingerprint.

Exemplarily, based on the display apparatuses described
in any of above embodiments, the first light emitting lattice
122 optionally includes first light emitting rows 122a and
second light emitting rows 1224 alternately arranged, and
any organic light emitting configuration 121 in the first light
emitting rows 122a and any organic light emitting configu-
ration 121 in the second light emitting rows 12254 are
arranged in different columns, as shown in FIG. 8C. Com-
pared with the scanning mode shown in FIG. 7A, by
arranging any organic light emitting configuration 121 in the
first light emitting rows 122a and any organic light emitting
configuration 121 in the second light emitting rows 1225 in
different columns, the number of the organic light emitting
configurations 121 illuminated simultaneously is increased
while ensuring no signal crosstalk. In FIG. 8C, the number
of the organic light emitting configurations 121 emitting
light simultaneously in one frame (11*10 organic light
emitting configurations) is 12, so at most 10 frames need to
be scanned to complete the reading of the fingerprint infor-
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mation from the fingerprint identification units 131 for all
the organic light emitting configurations 121, thereby sig-
nificantly reducing the time required for reading the finger-
print.

Optionally, for any type of first light emitting lattice 122
provided by any of above embodiments, the distance J
between any two adjacent organic light emitting configura-
tions 121 in the first light emitting lattice 122 is equal to the
minimum crosstalk-free distance L. Apparently, the finger-
print identification unit 131 corresponding to one of the
organic light emitting configuration 121 emitting light in the
first light emitting lattice 122 will not receive crosstalk
signals from other organic light emitting configurations
which emit light at the same time, thereby ensuring the
accuracy of the fingerprint signal. Meanwhile, the distance
J between any two adjacent organic light emitting configu-
rations 121 in the first light emitting lattice 122 is equal to
the minimum crosstalk-free distance L, thereby also increas-
ing the number of the organic light emitting configurations
121 illuminated at the same time, reducing the time required
for reading the fingerprint signal and improving fingerprint
reading efficiency.

Optionally, in any type of first light emitting lattice 122
provided by any of above embodiments, for any two adja-
cent organic light emitting configurations 121 located in
different rows in the first light emitting lattice 122, a vertical
distance C1 (shown in FIG. 8B) from one of the two adjacent
organic light emitting configurations 121 to the row in which
the other organic light emitting configuration 121 is located
is smaller than the minimum crosstalk-free distance L;
and/or for any two adjacent organic light emitting configu-
rations 121 located in different columns in the first light
emitting lattice 122, a vertical distance C2 (shown in FIG.
8B) from one of the two adjacent organic light emitting
configurations 121 to the column in which the other organic
light emitting configuration 121 is located is smaller than the
minimum crosstalk-free distance L. Such first light emitting
lattice 122 ensures that the fingerprint identification unit 131
corresponding to the organic light emitting configuration
121 emitting light will not receive crosstalk signals from
other organic light emitting configurations emitting light
simultaneously, thereby improving the fingerprint identifi-
cation precision. Meanwhile, with such first light emitting
lattice 122, the number of the organic light emitting con-
figurations 121 illuminated at the same time can also be
increased, the time required for reading the fingerprint signal
is reduced and the fingerprint reading efliciency is improved.

Herein, to describe the fingerprint reading efficiency of
the display apparatus provided by embodiments of the
present disclosure more clearly, a square array scanning
mode and an orthohexagonal array scanning mode are taken
as examples to describe the fingerprint reading efficiency of
the display apparatus provided by embodiments of the
present disclosure. The crosstalk can be avoided only if a
distance between adjacent illuminated organic light emitting
configurations 121 in a screen being scanned is set to be at
least 20 organic light emitting configurations 121 (a distance
between centers of two organic light emitting configura-
tions). Specifically, the size of each of the 20 organic light
emitting configurations 121 is 20 P.

As for the square array scanning mode shown in FIG. 9A,
coordinates of the illuminated organic light emitting con-
figurations 121 are set as (row, column), and the coordinate
of the first organic light emitting configuration 121 in an
upper left corner is set as (1, 1). As can be seen, coordinates
of the illuminated organic light emitting configurations 121
in the first row are successively set as (1,1), (1,21),
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(1,41) . . . ; coordinates of the illuminated organic light
emitting configurations 121 in the second row are succes-
sively set as (21,1), (21,21), (21,41) .. . ; coordinates of the
illuminated organic light emitting configurations 121 in the
third row are successively set as (41.,1), (41,21), (41,
41) ..., and so on, thereby forming the coordinates of all
the organic light emitting configurations 121 illuminated at
the same time in one frame. The organic light emitting layer
120 of the display apparatus is divided transversely and
longitudinally by having each illuminated organic light
emitting configuration 121 as a central point. As a result, the
organic light emitting layer 120 is divided into a plurality of
identical bright regions 1215. The sizes of all the bright
regions 1215 are completely the same. Each bright region
1215 includes one illuminated organic light emitting con-
figuration 121 and a plurality of non-illuminated organic
light emitting configurations 121a encircling the illuminated
organic light emitting configuration 121. It should be noted
that a corresponding region of the illuminated organic light
emitting configuration 121, located at the edge of the organic
light emitting layer 120, in the organic light emitting layer
120 is only a part of the bright region for the organic light
emitting configuration 121.

Taking the illuminated organic light emitting configura-
tion 121 (21,41) as an example, the bright region 1215
corresponding to the illuminated organic light emitting
configuration 121 (21,41) is encircled by four non-illumi-
nated organic light emitting configurations 121a. The coor-
dinates of the four non-illuminated organic light emitting
configurations 121a are (11,31), (11,51), (31,31) and (31,51)
respectively. Apparently, a length and a width of the bright
region 1215 are both 20 P. In other words, the number of the
organic light emitting configurations forming the bright
region 1215 is 20%*20=400. There is only one illuminated
organic light emitting configuration (21,41) in the bright
region 1215, that is, one organic light emitting configuration
121 is illuminated in every 400 organic light emitting
configurations 121. Therefore, a density of the illuminated
organic light emitting configurations in the bright region
1215 is 1/400. Since the organic light emitting layer 120 is
divided into a plurality of bright regions 1215, a density of
the illuminated organic light emitting configurations 121 in
one frame is 1/400. As can be seen, 20*20=400 frames need
to be scanned to illuminate all the organic light emitting
configurations 121 in the display apparatus. FIG. 9A only
shows some organic light emitting configurations 121 illu-
minated at the same time and coordinates thereof, and
non-illuminated organic light emitting configurations 121a
at four vertexes of one bright region 1215 and coordinates
thereof.

As for the hexagonal array scanning mode shown in FIG.
9B, coordinates of the illuminated organic light emitting
configurations 121 are set as (row, column), and the coor-
dinate of the first organic light emitting configuration 121 in
the upper left corner is set as (1, 1). In an orthohexagonal
array, the distance J between any two adjacent illuminated
organic light emitting configurations 121 reaches 20 organic
light emitting configurations 121 (20 P), a distance J1 from
the marginal organic light emitting configuration 121
located in different rows from the central organic light
emitting configuration 121 to the row in which the central
organic light emitting configuration 121 is located shall
reach 10 PV3~18 P, and a distance J2 from the marginal
organic light emitting configuration 121 located in different
rows from the central organic light emitting configuration
121 to the column in which the central organic light emitting
configuration 121 is located shall reach 10 P. As can be seen,
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coordinates of the illuminated organic light emitting con-
figurations 121 in the first row are successively set as (1,1),
(1,21), (1,41) . . . ; coordinates of the illuminated organic
light emitting configurations 121 in the second row are
successively setas (19,11), (19,31), (19,51) . . . ; coordinates
of the illuminated organic light emitting configurations 121
in the third row are successively set as (37,1), (37,21),
(37,41) . . ., and so on, thereby forming the coordinates of
all the organic light emitting configurations 121 illuminated
at the same time in one frame. Apparently, when the organic
light emitting configurations 121 are illuminated, a row
spacing between illuminated organic light emitting configu-
rations 121 in different rows is reduced from 20 P to 18 P if
a spacing between adjacent illuminated organic light emit-
ting configurations 121 in each row is still 20 P. At this
moment, the distance between the marginal organic light
emitting configuration 121 located in different rows from the
cenfral organic light emitting configuration 121 and the
central organic light emitting configuration 121 is

(10P)*+(18P)*~20.59 P>20 P, which can meet the require-
ments for avoiding crosstalk.

The organic light emitting layer 120 of the display appa-
ratus is divided transversely and longitudinally by having
each illuminated organic light emitting configuration 121 as
the central point. As a result, the organic light emitting layer
120 is divided into a plurality of identical bright regions
1215. Sizes of all the bright regions 1215 are completely the
same. Hach bright region 1215 includes one illuminated
organic light emitting configuration 121 and a plurality of
non-illuminated organic light emitting configurations 121a
encircling the illuminated organic light emitting configura-
tion 121. It should be noted that a corresponding region of
the illuminated organic light emitting configuration 121,
located at the edge of the organic light emitting layer 120, in
the organic light emitting layer 120 is only part of the bright
regions.

Taking the illuminated organic light emitting configura-
tion 121 (19,51) as an example, the bright region 1215
corresponding to the illuminated organic light emitting
configuration 121 (19,51) is encircled by four non-illumi-
nated organic light emitting configurations 121a. The coor-
dinates of the four non-illuminated organic light emitting
configurations 121a are (10,41), (10,61), (28,41) and (28,61)
respectively. Apparently, the size of the bright region 1215
in the row direction is 20 P, and the size in the column
direction is 18 P. In other words, the number of the organic
light emitting configurations forming the bright region 1215
is 20*18=360. There is only one illuminated organic light
emitting configuration (19,51) in the bright region 1215. that
is to say, one organic light emitting configuration 121 is
illuminated in every 360 organic light emitting configura-
tions 121. Therefore, a density of the illuminated organic
light emitting configurations in the bright region 1215 is
1/360. Since the organic light emitting layer 120 is divided
into a plurality of bright regions 1215, a density of the
illuminated organic light emitting configurations 121 in one
frame is 1/360. As can be seen, 20%¥18=360 frames need to
be scanned to illuminate all the organic light emitting
configurations 121 in the display apparatus. FIG. 9B only
shows some organic light emitting configurations 121 illu-
minated at the same time and coordinates thereof, and
non-illuminated organic light emitting configurations 121a
at four vertexes of one bright region 1215 and coordinates
thereof.
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Apparently, the hexagonal array scanning mode shown in
FIG. 9B is better than the square array scanning mode shown
in FIG. 9A.

Another embodiment of the present disclosure further
provides a fingerprint identification method of a display
apparatus. The display apparatus may be the display appa-
ratus shown in above FIG. 1Ato FIG. 1D and FIG. 3 to FIG.
8C, and includes: the display panel 100 and the cover plate
200 disposed on the display panel 100. The display panel
100 includes the array substrate 110, the organic light
emitting layer 120 disposed at the side of the array substrate
110 facing the cover plate 200, and the fingerprint identifi-
cation array 130. The organic light emitting layer 120
includes a plurality of organic light emitting configurations
121. The first surface of the cover plate 200 facing away
from the array substrate 100 is the light emergent surface of
the display apparatus. As shown in FIG. 10, the fingerprint
identification method provided by the present embodiment
includes steps described below.

In step 310, in the fingerprint identification phase, each
organic light emitting configuration in the organic light
emitting layer is controlled to emit light according to the first
light emitting lattice and shift, where the distance between
any two adjacent organic light emitting configurations in the
first light emitting lattice is greater than or equal to a
minimum crosstalk-free distance. The minimum crosstalk-
free distance is a maximum radius of a covering region
formed on the fingerprint identification array by the light
emitted from any organic light emitting configuration and
reflected through the first surface of the cover plate.

In step 320, the fingerprint identification is performed by
the fingerprint identification array according to the light ray
reflected on each of the fingerprint identification units by a
touch body on the first surface of the cover plate. Optionally,
the touch body in the present embodiment is the user’s
finger.

In the fingerprint identification method of the present
embodiment performed by the display apparatus in a manner
of screen scanning, each of the organic light emitting
configurations in one screen emits light according to the first
light emitting lattice and shifts. Since the distance between
any two adjacent organic light emitting configurations in the
first light emitting lattice is greater than or equal to the
minimum crosstalk-free distance, the fingerprint reflection
light formed by reflecting the light ray emitted from any
organic light emitting configuration in the first light emitting
lattice with the fingerprint of the finger of the user will not
irradiate the fingerprint identification units corresponding to
other organic light emitting configurations in the lattice.
Therefore, each fingerprint identification unit can only
receive the fingerprint reflection light formed by the light ray
emitted from the organic light emitting configuration corre-
sponding to the fingerprint identification unit in the first light
emitting lattice. Namely, the fingerprint identification unit
will not receive crosstalk signals from other organic light
emitting configurations. Accordingly, the inductive signals
generated by the fingerprint identification unit accurately
indicates the reflection of the light ray emitted from the
corresponding organic light emitting configuration on the
fingerprint of the user’s finger. Therefore, the display appa-
ratus provided by the present embodiment improves the
fingerprint identification precision.

In any of the above embodiments, the crosstalk existed in
the fingerprint identification process is eliminated by defin-
ing the distance between any two adjacent organic light
emitting configurations which emit light at the same time to
be greater than or equal to the minimum crosstalk-free
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distance. Actually, embodiments of the present disclosure
can also eliminate the crosstalk existed in the fingerprint
identification process by improving the structure of the
display apparatus.

FIG. 11A is a top structural schematic diagram illustrating
a display panel provided by embodiments of the present
disclosure. FIG. 11B is a cross sectional structural schematic
diagram along line C-C' direction in FIG. 11A. With refer-
ence to FIG. 11A and FIG. 11B, the display panel includes
an organic light emitting display panel 41, a fingerprint
identification module 42 and an angle limiting film 43. The
organic light emitting display panel 41 includes an array
substrate 410, and a plurality of organic light emitting
configurations 411 disposed on the array substrate 410. The
fingerprint identification module 42 is arranged in a display
region AA at one side of the array substrate 410 facing away
from the organic light emitting configurations 411, and
includes a first substrate 420 and at least one fingerprint
identification unit 421 disposed on the first substrate 420.
The angle limiting film 43 is arranged between the organic
light emitting display panel 41 and the fingerprint identifi-
cation module 42.

The fingerprint identification module 42 is configured to
perform fingerprint identification according to the light rays
reflected on the fingerprint identification unit 421 through a
touch body 44. The angle limiting film 43 is configured to
filter out the following light rays among the light rays
reflected on the fingerprint identification unit 421 through
the touch body 44: the light rays that have an incident angle
relative to the angle limiting film 43 greater than a penetra-
tion angle of the angle limiting film 43. The angle limiting
film 43 A may be set to have the transmittance of “A” for the
light rays entering the angle limiting film 43 vertically. The
penetration angle of the angle limiting film 43 means an
incident angle of the light rays with the transmittance of
“kA” relative to the angle limiting film 43, where 0<k<1.
Light with an incident angle relative to the angle limiting
film 43 greater than the penetration angle of the angle
limiting film 43 is filtered out by the angle limiting film 43.
Optionally, k is set to be equal to 0.1, namely the penetration
angle of the angle limiting film 43 is an incident angle of the
light ray with the transmittance of 0.1 A relative to the angle
limiting film 43.

As shown in FIG. 11B, the light rays emitted from light
sources irradiate the touch body 44. Corresponding to dif-
ferent light sources, the light rays may be the light ray
indicated by solid lines shown in FIG. 11B or the light ray
indicated by dotted lines shown in FIG. 11B. The fingerprint
identification unit 421 can perform fingerprint identification
according to the light rays emitted from any light source.
Generally, the touch body 44 is a finger. In this case, the
fingerprint is composed of a series of ridges 441 and valleys
442 on a skin surface of a finger tip. Since the distance from
the ridges 441 to the fingerprint identification unit and the
distance from the valleys 442 to the fingerprint identification
unit are different, the intensity of light rays, which are
reflected from the ridges 441, received by the fingerprint
identification unit 421 and the intensity of light rays, which
are reflected from the valleys 442, received by the finger-
print identification unit 421 are different. Accordingly, the
current signal sensed from the reflected light formed at the
ridges 441 and the current signal sensed from the reflected
light formed at the valleys 442 are different in amplitudes.
Therefore, fingerprint identification can be performed
according to the amplitudes of the current signals. It should
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be noted that the touch body 44 can also be a palm and the
like, and a palm print can also be used to realize detection
and identification functions.

Optionally, the organic light emitting configurations 411
can provide light sources for the fingerprint identification
module 42. The angle limiting film 43 is capable of filtering
out the following light rays among the light rays emitted
from the organic light emitting configurations 411 and
reflected on the fingerprint identification unit 421 through
the touch body 44: the light rays that have an incident angle
relative to the angle limiting film 43 greater than a penetra-
tion angle of the angle limiting film 43. Therefore, the
crosstalk phenomenon, which is caused by that the light rays
emitted from the organic light emitting configurations 411
and reflected by different positions of the touch body 44
irradiate the same fingerprint identification unit 421, is
effectively avoided, and the accuracy and precision for
performing fingerprint identification by the fingerprint iden-
tification module is improved.

Optionally, when the light rays vertically reflected from
the touch body 44 irradiate the fingerprint identification unit
421 after passing through the organic light emitting display
panel 41, the transmittance of the light rays may be greater
than 1%. Specifically, in the case that the fingerprint iden-
tification is performed by the fingerprint identification unit
421 according to the light rays emitted from the organic light
emitting configurations 411, if the transmittance of the light
rays is too small when the light rays vertically reflected from
the touch body 44 irradiate the fingerprint identification unit
421 after passing through the organic light emitting display
panel 41, the light rays have small intensity upon reaching
the fingerprint identification unit 421. As a result, the
fingerprint identification precision is influenced. Exemplar-
ily, with respect to the light rays reflected vertically from the
touch body 44, the transmittance of the light rays when the
light rays irradiate the fingerprint identification unit 421
after passing through the organic light emitting display panel
41 can be adjusted by adjusting the thickness of each film
through which the light rays pass.

Optionally, the display panel may include a light exiting
side and a non-light exiting side. The light exiting side is a
side of the organic light emitting configurations 411 facing
away from the array substrate. The non-light exiting side is
a side of the array substrate 410 facing away from the
organic light emitting configurations 411. When the finger-
print identification is performed by the fingerprint identifi-
cation units 421 according to the light rays emitted from the
organic light emitting configurations 411, a ratio of the
luminance at the light exiting side to the luminance at the
non-light exiting side of the display panel may be greater
than 10:1. The light rays on the non-light exiting side of the
display panel may influence the fingerprint identification
process which is performed by the fingerprint identification
unit 421 according to the light rays emitted from the organic
light emitting configurations 411 and reflected on the fin-
gerprint identification unit 421 from the touch body 44, so
that there exists the crosstalk for the light rays detected by
the fingerprint identification unit. If the luminance of the
non-light exiting side of the display panel is too great, the
fingerprint identification precision may be seriously influ-
enced.

FIG. 12A is a top structural schematic diagram illustrating
an angle limiting film provided by embodiments of the
present disclosure. FIG. 12B is a cross sectional structural
schematic diagram along line D-D' direction in FIG. 12A.
With reference to FIG. 12A and FIG. 12B, the angle limiting
film 43 includes a plurality of opaque regions 432 and a
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plurality of transparent regions 431. The plurality of opaque
regions 432 and transparent regions 431 are parallel to a
plane of the first substrate 420, and arranged at intervals
along the same direction. The opaque regions 432 are
provided with light absorbing materials. When the light rays
irradiate the opaque regions 432, the light rays will be
absorbed by the light absorbing materials in the opaque
regions 432. In other words, a part of light reflected from the
touch body 44 fails to pass through the angle limiting film
43 and irradiate the fingerprint identification unit 421, that
is, the angle limiting film 43 can effectively filter out the part
of light. As shown in FIG. 12B, since the light rays irradi-
ating the opaque regions 432 are absorbed by the light
absorbing materials in the regions, the penetration angle of
the angle limiting film 43 meets the following formula:
O=arctan p/h, where “0” is the penetration angle of the angle
limiting film 43; “p” is the width of each the transparent
region 431 in an arrangement direction of the transparent
regions 431; and “h” is the thickness of the angle limiting
film 43. It can be seen from FIG. 12B that 0, p and h meet
a computation relationship of tan 6=p/h. Therefore, the
penetration angle of the angle limiting film 43 meets the
above formula. Since the light rays irradiating the opaque
regions 432 will be absorbed by the light absorbing mate-
rials in such regions, light rays with an incident angle
relative to the angle limiting film 43 greater than the
computed penetration angle can be filtered out by the angle
limiting film 43. Such part of light rays are required for the
fingerprint identification. The arrangement of the angle
limiting film 43 can prevent the light rays with an incident
angle relative to the angle limiting film 43 greater than the
penetration angle of the angle limiting film 43 from irradi-
ating the fingerprint identification unit 421, thereby avoiding
an interference to the fingerprint identification process.

Optionally, in the case that the angle limiting film 43
includes a plurality of opaque regions 432 and transparent
regions 431 parallel to the plane of the first substrate 420 and
arranged at intervals along the same direction, and the
opaque regions 432 are provided with the light absorbing
materials, a diffusion distance of the angle limiting film 43
meets the following formula:

(H+h
AXZP(/ )’
1

where AX is the diffusion distance of the angle limiting film
43; and “H” is the thickness of the organic light emitting
display panel 41. The diffusion distance of the angle limiting
film 43 means a distance between the following two reflec-
tion points on the touch body 44: the reflection point of the
actual detection light rays corresponding to a fingerprint
identification unit 421, and the reflection point of interfer-
ence detection light rays corresponding to the same finger-
print identification unit 421. A reflected light ray with a
minimum incident angle relative to the fingerprint identifi-
cation unit 421 is the actual detection light ray. Compared
with the incident angle of the actual detection light ray
relative to the fingerprint identification unit 421, a reflected
light ray with greater incident angle relative to the finger-
print identification unit 421 is the interference detection light
ray.

Exemplarily, the light ray indicated by solid lines in FIG.
12C is the reflected light ray with the minimum incident
angle relative to the fingerprint identification unit 421, i.e.
the actual detection light ray, and the light ray indicated by
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dotted lines in FIG. 12C is the reflected light ray with a
greater incident angle relative to the fingerprint identifica-
tion unit 421 compared with the incident angle of the actual
detection light ray relative to the fingerprint identification
unit 421, i.e. the interference detection light ray. In the case
that no angle limiting film 43 is arranged, the actual detec-
tion light ray and the interference detection light ray irradi-
ate the same fingerprint identification unit 421 after being
reflected from different positions of the touch body 44, such
as two adjacent ridges 441. In other words, there exists
crosstalk in the fingerprint identification process in the case.

In this case, the diffusion distance of the angle limiting
film 43 is a distance between the following reflection points
on the touch body 44: the reflection point of the actual
detection light ray shown in the FIG. 12C, and the reflection
point of the interference detection light ray shown in the
FIG. 12C. Exemplarily, as shown in FIG. 12D, the incident
angle of the actual detection light ray relative to the finger-
print identification unit 421 is approximately 0°. As for the
interference light rays that can pass through the angle
limiting film 43, a minimum incident angle relative to the
fingerprint identification unit 421 may be the penetration
angle of the angle limiting film 43. Therefore, the following
computation relationship is met

wang= £ 22X
N T Hew

Therefore, the diffusion distance of the angle limiting film
43 meets the above formula. The larger the diffusion dis-
tance of the angle limiting film 43 is, the lower the accuracy
and the precision of fingerprint identification performed by
the display panel are.

In FIG. 12A, the angle limiting film 43 is exemplarily
configured as a one-dimensional structure in which the
transparent regions 431 and the opaque regions 432 are
arranged at intervals along the horizontal direction in FIG.
12A. However, the angle limiting film 43 can also be
configured as a two-dimensional structure as shown in FIG.
12E. In this case, the transparent regions 431 and the opaque
regions 432 are arranged at intervals along a diagonal
direction of the angle limiting film 43 shown in FIG. 12E.
Compared with the angle limiting film 43 of the one-
dimensional structure, the angle limiting film 43 of the
two-dimensional structure can selectively filter out the light
rays being incident on the angle limiting film 43 in all
directions.

FIG. 13A is a top structural schematic diagram illustrating
another angle limiting film provided by embodiments of the
present disclosure. FIG. 13B is a cross sectional structural
schematic diagram along line E-E' in FIG. 13A. With
reference to FIG. 13A and FIG. 13B, the angle limiting film
includes porous configurations 433. The light rays incident
on a side wall 4331 of each of the porous configurations 433
are absorbed by the side wall 4331. In other words, the light
rays incident on the side wall 4331 fail to irradiate the
fingerprint identification unit 421. Exemplarily, the porous
configuration 433 may be a glass capillary. The side wall
4331 of the glass capillary is coated with black light absorb-
ing materials, and thus the side wall 4331 can absorb the
light rays incident on the side wall 4331, thereby filtering out
a part of light rays by the angle limiting film 43. Optionally,
the light absorbing materials may be or may not be arranged
between adjacent porous configurations 433.
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Specifically, since the light rays incident on the side wall
4331 are absorbed by the side wall 4331 of the porous
configuration 433, the penetration angle of the angle limiting
film 43 meets the following formula:

0 = arctan~,
arcanh

where “8” is the penetration angle of the angle limiting film
43; “d” is a diameter of the porous configuration 433; and
“h” is the thickness of the angle limiting film 43. It can be
seen from FIG. 13B that “6”, “d” and “h” comply with a
computation relationship of

0 d
tan—E.

Therefore, the penetration angle of the angle limiting film 43
meets the above formula.

Optionally, when the angle limiting film 43 includes
porous configurations 433 and the side wall 4331 of each of
the porous configurations 433 can absorb the light rays
incident on the side wall 4331, the diffusion distance of the
angle limiting film 43 meets the following formula:

d-(H+h)

AX = h ’

where AX is the diffusion distance of the angle limiting film
43; and “H” is the thickness of the organic light emitting
display panel 41. A derivation process of the formula is
similar to the derivation process of the diffusion distance of
the angle limiting film 43 with the structure shown in FIG.
12A, and is not repeated herein. Similarly, the larger the
diffusion distance of the angle limiting film 43 is, the lower
the accuracy and the precision of fingerprint identification
performed by the display panel are. It should be noted that,
when being viewed for the top, the porous configurations
433 of the angle limiting film 43 may have a circular shape
as shown in FIG. 13A or an orthohexagonal shape as shown
in FIG. 13C. Shapes of the porous configurations 433 are not
limited in embodiments of the present disclosure.

FIG. 14A is a top structural schematic diagram illustrating
another angle limiting film provided by embodiments of the
present disclosure. As shown in FIG. 14A, the angle limiting
film 43 includes a plurality of optical fiber configurations
434 arranged along the same direction. FIG. 14B is a cross
sectional structural schematic diagram along an extension
direction of the optical fiber configurations 434 in FIG. 14A.
With reference to FIG. 14A and FIG. 14B, each of the
optical fiber configurations 434 includes an inner core 4341
and an outer shell 4342. Light absorbing materials 4343 are
provided between every two adjacent optical fiber configu-
rations 434. Therefore, the light rays leaked to a region
between two optical fiber configurations 434 from the opti-
cal fiber configuration 434 can be absorbed by the light
absorbing materials 4343, so as to filtering out a part of the
light rays by the angle limiting film 43.

Specifically, the inner core 4341 and the outer shell 4342
of the optical fiber configuration 434 have different refrac-
tive indexes. The penetration angle of the angle limiting film
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where 0 is the penetration angle of the angle limiting film 43;
“n” is the refractive index of a film, which comes into
contact with the angle limiting film 43, in the organic light
emitting display panel 41; n_,,, is the refractive index of the
inner core 4341 of the optical fiber configuration 434; and
0., 1 the refractive index of the outer shell 4342 of the
optical fiber configuration 434. As shown in FI1G. 14B, if the
incident angle, relative to the angle limiting film 43 formed
with the optical fiber configurations 434, of the light rays
reflected from the touch body 44 is greater than 8, a total
reflection will not occurred to these light rays in the optical
fiber configurations 434. In other words, these light rays can
pass through the optical fiber configurations 434 and are
absorbed by the light absorbing materials 4343 between the
optical fiber configurations 434. As a result, such part of the
light rays is filtered out by the angle limiting film 43, and fail
to irradiate the fingerprint identification unit 421. Therefore,
with the angle limiting film 43, the light rays with an
incident angle relative to the angle limiting film 43 greater
than the penetration angle of the angle limiting film 43 can
be filtered out. The crosstalk phenomenon caused by that the
light rays emitted from the fingerprint identification light
sources irradiate the same fingerprint identification unit 421
after being reflected from different positions of the touch
body 44 is avoided, and the accuracy and precision for
fingerprint identification are improved.

Optionally, in the case that the angle limiting film 43
includes a plurality of optical fiber configurations 434
arranged along the same direction, the inner core 4341 and
the outer shell 4342 of the optical fiber configurations 434
have different refractive indexes, and light absorbing mate-
rials 4343 are provided between every two adjacent optical
fiber configurations 434, the diffusion distance of the angle
limiting film 43 meets the following formula: AX=H'tan 0,
where AX is the diffusion distance of the angle limiting film
43; and “H” is the thickness of the organic light emitting
display panel 41. As shown in FIG. 14C, the incident angle
of the actual detection light ray relative to the fingerprint
identification unit 421 is approximately 0°. As for the
interference light rays that can pass through the angle
limiting film 43, a minimum incident angle relative to the
fingerprint identification unit 421 may be the penetration
angle of the angle limiting film 43,i.e., a critical value of the
incident angle at which the total reflection will occur to the
light rays in the optical fiber configurations 434. Therefore,
the following computation relationship is met

X
tanf = —.
H

Similarly, the larger the diffusion distance of the angle
limiting film 43 is, the lower the accuracy and the precision
of fingerprint identification performed by the display panel
are.

FIG. 15A is a top structural schematic diagram illustrating
another angle limiting film provided by embodiments of the
present disclosure. FIG. 15B is a cross sectional structural
schematic diagram along line F-F' in FIG. 15A. With refer-
ence to FIG. 15A and FIG. 15B, the angle limiting film 43
includes a plurality of columnar configurations 435 arranged
along the same direction. Each of the columnar configura-
tions 435 includes an inner core 4351 and an outer shell
4352. The inner core 4351 and the outer shell 4352 have the
same refractive index, and the outer shell 4352 includes light
absorbing materials. Therefore, the light rays passing
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through the inner core 4351 and irradiating the outer shell
4352 are absorbed by the outer shell 4352. In other words,
the light rays irradiating the outer shell 4352 fail to irradiate
the fingerprint identification unit 421. Optionally, the light
absorbing materials may be or may not be provided between
adjacent columnar configurations 435.

Specifically, the light rays passing through the inner core
4351 and irradiating the outer shell 4352 are absorbed by the
outer shell 4352. Therefore, the penetration angle of the
angle limiting film 43 meets the following formula:

8 = arct. D
_arcan%,

where 0 is the penetration angle of the angle limiting film 43;
“D is the diameter of the inner core 4351; and “h” is the
thickness of the angle limiting film 43. It can be seen from
FIG. 15B that “8”, “D” and “h” comply with a computation
relationship of

tanf = =
M=

Therefore, the penetration angle of the angle limiting film 43
meets the above formula.

Optionally, in the case that the angle limiting film 43
includes a plurality of columnar configurations 435 arranged
along the same direction, each of the columnar configura-
tions 435 includes the inner core 4351 and the outer shell
4352, the inner core 4351 and the outer shell 4352 have the
same refractive index, and the outer shell 4352 includes the
light absorbing materials, the diffusion distance of the angle
limiting film 43 meets the following formula:

D-(H+h

AX =
h

where AX is the diffusion distance of the angle limiting film
43; and “H” is the thickness of the organic light emitting
display panel 41. A derivation process of the formula is
similar to the derivation process of the diffusion distance of
the angle limiting film 43 with the structure shown in FIG.
12A, and is not repeated herein. The larger the diffusion
distance of the angle limiting film 43 is, the lower the
accuracy and the precision of fingerprint identification per-
formed by the display panel are. It should be noted that, as
viewed from the top of the angle limiting film 43, shapes of
the columnar configurations 435 are not limited by embodi-
ments of the present disclosure.

Optionally, the diffusion distance of the angle limiting
film 43 is less than 400 pm. The larger the diffusion distance
of the angle limiting film 43 is, the larger the distance
between the following two reflection points on the touch
body 44 is: the reflection point of the interference detection
light rays on the touch body 44, and the reflection point of
the actual detection light rays on the touch body 44. When
the distance between the reflection points on the touch body
44 of the actual detection light rays and the interference
detection light rays is greater than the distance between the
valley 442 and an adjacent ridge 441 in the fingerprint, the
fingerprint identification process of the display panel may
have an error. As a result, the fingerprint identification
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cannot be performed, and the fingerprint identification accu-
racy of the display panel is seriously affected.

Optionally, the organic light emitting configuration 411 is
configured to provide an light source for the fingerprint
identification module 42. When the fingerprint identification
is petformed by the fingerprint identification units 421
according to the light rays emitted from the organic light
emitting configurations 411 and then reflected on the fin-
gerprint identification units 421 through the touch body 44,
in the fingerprint identification phase, only one organic light
emitting configuration 411 emits light within a range twice
of the diffusion distance of the angle limiting film 43.
Specifically, since only one organic light emitting configu-
ration 411 emits light within a range twice of the diffusion
distance of the angle limiting film 43, a probability that the
light rays emitted from different organic light emitting
configurations 411 are reflected to the same fingerprint
identification unit 421 through different parts of the touch
body 44 can be significantly reduced. Accordingly, a cross-
talk phenomenon, caused by irradiating the same fingerprint
identification unit 421 with the light emitted from the
fingerprint identification light sources and then reflected
through different parts of the touch body 44, is reduced,
thereby improving accuracy and precision for fingerprint
identification.

Optionally, an optical adhesive layer is arranged between
the fingerprint identification module 42 and the angle lim-
iting film 43, and is configured to bond the fingerprint
identification module 42 and the angle limiting film 43.
Optionally, the fingerprint identification unit 421 includes an
optical fingerprint sensor configured to perform fingerprint
detection and identification according to the light rays
reflected through the touch body 44. Exemplarily, the fin-
gerprint identification unit 421 includes light absorbing
materials such as amorphous silicon or gallium arsenide or
arsenic sulfide, or other light absorbing materials. The
materials of the fingerprint identification unit 421 are not
limited by embodiments of the present disclosure.

Optionally, as shown in FIG. 11B and FIG. 12C, the
display panel may further include an encapsulating layer
412, a polarizer 413 and a cover glass 414 successively
arranged on the organic light emitting configurations 411.
The encapsulating layer 412 may include an encapsulating
glass or a film encapsulating layer. The first substrate 420 as
the substrate of the fingerprint identification unit 421
includes a glass base or a flexible base. The cover glass 414
may be bonded to the polarizer 413 with an optical adhesive.
Optionally, the display panel further includes a touch elec-
trode layer. The touch electrode layer is arranged between
the encapsulating layer 412 and the polarizer 413, or
between the cover glass 414 and the polarizer 413. The
display panel integrated with the touch electrode can realize
a touch function while displaying.

According to embodiments of the present disclosure, the
angle limiting film 43 is arranged between the organic light
emitting display panel 41 and the fingerprint identification
module 42, and is capable of filtering out the following light
rays among the light rays reflected on the fingerprint iden-
tification unit 421 through the touch body 44: the light rays
with an incident angle relative to the angle limiting film 43
greater than the penetration angle of the angle limiting film
43. That is, the light rays reflected on the same fingerprint
identification unit 421 through different parts of the touch
body 44 in an existing art, can be selectively filtered out
through the angle limiting film 43, thereby effectively avoid-
ing the crosstalk phenomenon caused by irradiating the same
fingerprint identification unit 421 with the light rays
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reflected through different parts of the touch body 44, and
improving accuracy and precision for fingerprint identifica-
tion.

FIG. 16Ais a top structural schematic diagram illustrating
a touch display panel provided by embodiments of the
present disclosure. FIG. 16B is a local amplified schematic
diagram illustrating S1 region in FIG. 16A. FIG. 16C is a
cross sectional structural schematic diagram along line G-G'
in FIG. 16A. With reference to FIG. 16A to FIG. 16C, the
touch display panel provided by embodiments of the present
disclosure includes an array substrate 510, a plurality of
organic light emitting configurations 530 and at least one
fingerprint identification unit 520. The plurality of organic
light emitting configurations 530 are disposed on the array
substrate 510. The fingerprint identification unit 520 is
arranged in a display region 511 at a side close to the array
substrate 510 of the organic light emitting configurations
530. The fingerprint identification unit 520 is configured to
perform fingerprint identification according to the light rays
reflected on the fingerprint identification unit 520 through
the touch body (such as a finger). The organic light emitting
configurations 530 include a red organic light emitting
configuration 531, a green organic light emitting configu-
ration 532 and a blue organic light emitting configuration
533. In the fingerprint identification phase, the red organic
light emitting configuration 531 and/or the green organic
light emitting configuration 532 are served as light sources
of the fingerprint identification unit 520 to emit light.
Compared with the blue organic light emitting configuration
533, the red organic light emitting configuration 531 and/or
the green organic light emitting configuration 532 as the
light sources of the fingerprint identification unit 520 has a
smaller photic area on a side facing away from the display
side of the touch display panel. It should be noted that the
number of the organic light emitting configurations and the
arrangement of the red organic light emitting configuration,
the green organic light emitting configuration and the blue
organic light emitting configuration in the organic light
emitting configurations are not limited by embodiments of
the present disclosure.

Exemplarily, with reference to FIG. 16B and FIG. 16C,
each organic light emitting configuration 530 successively
includes a first electrode 5313, a light emitting functional
layer 5311 and a second electrode 5314 along a direction in
which the organic light emitting configuration 530 is away
from the array substrate 510. The organic light emitting
configurations 530 include the red organic light emitting
configuration 531, the green organic light emitting configu-
ration 532 and the blue organic light emitting configuration
533. The organic light emitting configurations 530 include
the light emitting functional layer 5311. A transparent region
537 and an opaque region 536 are arranged in a direction
facing away from the display side of the touch display panel.
As for a top-emitting type touch display panel, the display
side of the touch display panel is arranged in the direction in
which the organic light emitting configurations 530 is away
from the array substrate 510. The light emitting functional
layer 5311 may include a first auxiliary functional layer, a
light emitting material layer and a second auxiliary func-
tional layer. The first auxiliary functional layer is a hole type
auxiliary functional layer. The second auxiliary functional
layer is an electronic type auxiliary functional layer. In the
present embodiment, the first electrode 5313 is provided as
an anode, and the second electrode 5314 is provided as a
cathode. In other embodiments, the first electrode 5313 may
be provided as the cathode, and the second electrode 5314
may be provided as the anode.
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In the touch display panel provided by embodiments of
the present disclosure, in a light emitting display phase, the
red organic light emitting configuration, the green organic
light emitting configuration and the blue organic light emit-
ting configuration emit light according to preset modes. In
the fingerprint identification phase, the red organic light
emitting configurations and/or the green organic light emit-
ting configurations are served as light sources of the finger-
print identification unit to emit light based on the following
reasons: the light rays emitted from the blue organic light
emitting configurations have a shorter wavelength, while
each film (the organic insulation layer, the inorganic insu-
lation layer, the polarizer and the like) in the display panel
has a stronger absorption effect on the light rays with the
shorter wavelength, and thus the light rays emitted from the
blue organic light emitting configurations have a lower
transmittance. Moreover, compared with the blue organic
light emitting configurations, the red organic light emitting
configurations and/or the green organic light emitting con-
figurations as the light sources of the fingerprint identifica-
tion unit have a smaller photic area on a side facing away
from the display side of the touch display panel. Since the
organic light emitting configurations as the light sources
have a smaller photic area, stray light directly irradiating the
fingerprint identification unit without being reflected
through the touch body (such as the finger) is reduced. Only
light rays reflected through the touch body carry the finger-
print information, while the light rays (stray light) directly
irradiating the fingerprint identification unit without being
reflected through the touch body do not carry the fingerprint
information. In the embodiments of the present disclosure,
the noise in fingerprint detection is reduced by reducing the
stray light, and the fingerprint identification precision is
improved.

Optionally, with reference to FIG. 16C, the touch display
panel further includes a first substrate 540. The first substrate
540 is arranged at a side of the array substrate 510 facing
away from the organic light emitting configurations 530.
The fingerprint identification units 520 are arranged between
the array substrate 510 and the first substrate 540. The
fingerprint identification unit 520 and the first substrate 540
may be used as a part of the fingerprint identification
module. The fingerprint identification module may further
include some metal connection wires and an IC driving
circuit (not shown in the figure).

Optionally, with reference to FIG. 16B and FIG. 16C, the
first electrode 5313 is a reflection electrode. For example,
the reflection electrode is configured to include an indium tin
oxide conductive film, a reflection electrode layer (Ag) and
an indium tin oxide conductive film successively arranged.
The indium tin oxide conductive films are high-work-func-
tion materials and are beneficial to hole injection. The light
emitting functional layer 5311 of the red organic light
emitting configuration 531, the light emitting functional
layer 5311 of the green organic light emitting configuration
532 and the light emitting functional layer 5311 of the blue
organic light emitting configuration 533 are spaced by a
pixel defining layer 5312. Exemplarily, both the red organic
light emitting configuration 531 and the green organic light
emitting configuration 532 are served as the light sources
during fingerprint identification. The areas of the first elec-
trode 5313 of the red organic light emitting configuration
531 and the green organic light emitting configuration 532
are greater than the area of the first electrode 5313 of the
blue organic light emitting configuration 533. The light rays
emitted from the light emitting functional layer 5311 in the
organic light emitting configurations 530 to the array sub-
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strate 510 side are blocked by the first electrode 5313
disposed between the light emitting functional layer 5311
and the fingerprint identification unit 520, and the reflection
electrodes of the red organic light emitting configurations
531 and the green organic light emitting configurations 532
as the light sources of the fingerprint identification unit 520
are extended compared with the existing art. Therefore, the
stray light to irradiate the fingerprint identification unit 520
is blocked, and the fingerprint identification precision is
improved. That is to say, compared with the existing art, the
area of the reflection electrode in the blue organic light
emitting configuration 533 is not changed, and the areas of
the reflection electrode in the red organic light emitting
configuration 531 and the green organic light emitting
configuration 532 are increased, so as to block the stray
light. In addition, the reflection electrode is adjacent to or in
contact with the light emitting functional layer. Accordingly,
the light rays emitted from the light emitting functional layer
to the array substrate side are closer to the edge of the
reflection electrode. Therefore, the reflection electrode may
be extended by a certain distance to block the light rays
emitted from the light emitting functional layer from directly
irradiating the fingerprint identification unit. Moreover, if
the reflection electrode is extended so that the stray light to
irradiate the fingerprint identification unit is completely
blocked, the fingerprint identification precision is signifi-
cantly improved.

Optionally, with reference to FIG. 16B and FIG. 16C, a
ratio of the area of the first electrodes 5313 of the organic
light emitting configurations 530 as the light sources of the
fingerprint identification units to the area of the light emit-
ting functional layers 5311 is 1.2~6, and a ratio of the area
of the first electrodes 5313 of the organic light emitting
configurations 530 which are not served as the light sources
of the fingerprint identification units 520 to the area of the
light emitting functional layer 5311 is 1~1.2. Exemplarily,
the red organic light emitting configurations 531 and the
green organic light emitting configurations 532 are served as
the light sources of the fingerprint identification units. The
opaque region 536 in FIG. 16B is a vertical projection of the
first electrode 5313 of the organic light emitting configura-
tion 530 on the array substrate 510. It can be seen that,
compared with the ratio of the area of the opaque region 536
in the blue organic light emitting configuration 533 to the
area of the light emitting functional layer 5311, the ratio of
the area of the opaque region 536 (the area of the first
electrode) in the red organic light emitting configuration 531
and the green organic light emitting configuration 532 to the
area of the light emitting functional layer 5311 is larger.
When the ratio of the area of the first electrode of the organic
light emitting configurations as the light sources of the
fingerprint identification units to the area of the light emit-
ting functional layer is set as 1.2~6, the first electrode can
effectively prevent the light rays emitted from the light
emitting functional layer from directly irradiating the fin-
gerprint identification unit. Therefore, the stray light can be
effectively blocked, thereby reducing the fingerprint detec-
tion noise and improving the fingerprint identification pre-
cision. It can be understood that, the larger the ratio of the
area of the first electrode of the organic light emitting
configurations as the light sources of the fingerprint identi-
fication units to the area of the light emitting functional layer
is, the more effective the blocking of the first electrode for
the stray light is. When the ratio of the area of the first
electrode of the organic light emitting configurations as the
light sources of the fingerprint identification units to the area
of the light emitting functional layer is 6, the first electrode
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can just block most of the stray light, thereby significantly
improving the fingerprint identification precision.

Optionally, with reference to FIG. 16C to FIG. 16D, the
vertical projection of the edge of the first electrode 5313 of
the organic light emitting configurations 530 as the light
sources of the fingerprint identification units 520 on the
array substrate 510 forms a first closed coil 5101, and the
vertical projection of the edge of the light emitting func-
tional layer 5311 on the array substrate 510 forms a second
closed coil 5102. FIG. 16D is a schematic diagram illus-
trating a distance range between the first closed coil and the
second closed coil. With reference to FIG. 16D, the first
closed coil 5101 encircles the second closed coil 5102. For
any point on the first closed coil 5101, there exists a
corresponding point, the distance between which and that
point on the first closed coil 5101 is the shortest distance L,
on the second closed coil 5102. The distance range between
the first closed coil 5101 and the second closed coil 5102 is
a set of the shortest distances [L with respect to all points on
the first closed coil 5101. The distance range between the
first closed coil 5101 and the second closed coil 5102 is
3~30 pum. The distance range between the first closed coil
5101 and the second closed coil 5102 represents an exten-
sion degree of the first electrode within a plane of the first
electrode in any direction. When the distance range between
the first closed coil 5101 and the second closed coil 5102 is
3~30 um, the first electrode can effectively block the stray
light, thereby improving the fingerprint identification preci-
sion.

FIG. 16E is a local amplified schematic diagram illustrat-
ing another S1 region provided by embodiments of the
present disclosure. As shown in FIG. 16E, compared with
the photic area of the blue organic light emitting configu-
ration 533 towards a side facing away from the display side
of the touch display panel, the photic area of the red organic
light emitting configuration 531 as the light source of the
fingerprint identification unit towards the side facing away
from the display side of the touch display panel is smaller.
Moreover, compared with the photic area of the green
organic light emitting configuration 532 towards the side
facing away from the display side of the touch display panel,
the photic area of the red organic light emitting configuration
531 as the light source of the fingerprint identification umt
towards the side facing away from the display side of the
touch display panel is smaller. Since only the red organic
light emitting configuration is served as the light source for
fingerprint identification, it only needs to block the light rays
emitted from the light emitting functional layer in the red
organic light emitting configuration towards the side facing
away from the display side of the touch display panel. For
example, only the first electrode in the red organic light
emitting configuration needs to be designed to be extended,
and the green organic light emitting configuration and the
blue organic light emitting configuration are not required to
have additional configurations. In addition, the photic areas
of the green organic light emitting configuration and the blue
organic light emitting configuration are both larger than the
photic area of the red organic light emitting configuration as
the light source. Therefore, such arrangement not only
ensures the fingerprint identification precision, but also
ensures enough photic area through which signal light
reflected through the touch body (such as the finger) passes,
so as to improve the intensity of the signal light for detection
on the fingerprint identification unit. In addition, an operat-
ing voltage of the red organic light emitting configuration
can also be properly increased to improve the intensity of the
light emitted from the light source, so as to improve the
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intensity of the signal light for detection on the fingerprint
identification unit. Alternatively, in other embodiments, only
the green organic light emitting configuration is served as
the light source for fingerprint identification. Moreover,
compared with the photic area of the blue organic light
emitting configuration towards the side facing away from
the display side of the touch display panel as well as the
photic area of the red organic light emitting configuration
towards the side facing away from the display side of the
touch display panel, the photic area of the green organic light
emitting configuration towards the side facing away from
the display side of the touch display panel is smaller.

FIG. 17 is a top structural schematic diagram illustrating
another touch display panel provided by embodiments of the
present disclosure. Optionally, as shown in FIG. 17, the area
of the light emitting functional layer of the blue organic light
emitting configuration 533 is greater than the area of light
emitting functional layer of the red organic light emitting
configuration 531, and is greater than the area of light
emitting functional layer of the green organic light emitting
configuration 532. The area of the light emitting functional
layer of the blue organic light emitting configuration is
prepared to be greater, so that the light emitting functional
layer of the blue organic light emitting configuration is
operated at low voltage. Exemplarily, for example, the
operating voltage of the light emitting functional layer of the
red organic light emitting configuration and the green
organic light emitting configuration may be set as 3V, and
the operating voltage of the light emitting functional layer of
the blue organic light emitting configuration is set as 2V, so
as to prolong the service life to reach a balance in the service
life of the red organic light emitting configuration, the green
organic light emitting configuration and the blue organic
light emitting configuration, thereby prolonging the service
life of the entire touch display panel.

FIG. 18Ais a cross sectional structural schematic diagram
illustrating another touch display panel provided by embodi-
ments of the present disclosure. FIG. 18B is a local amplified
schematic diagram illustrating another S1 region provided
by the embodiment of the present disclosure. Optionally,
with reference to FIG. 18A, the array substrate 510 includes
a second substrate 512 and a plurality of pixel driving
circuits 513 disposed on the second substrate 512. Each
pixel driving circuit 513 is electrically connected with a
corresponding organic light emitting configuration 530. The
fingerprint identification unit 520 is arranged between the
second substrate 512 and the organic light emitting configu-
ration 530. Three pixel driving circuits 513 are exemplarily
provided in FIG. 18A. Each pixel driving circuit 513 is
electrically connected with the first electrode 5313 in the
organic light emitting configuration 530 respectively. The
fingerprint identification module formed by the fingerprint
identification unit 520, the metal connection wire and the IC
driving circuit (not shown in the figure) is embedded into the
touch display panel. In the present embodiment of the
present disclosure, since the fingerprint identification mod-
ule is embedded into the touch display panel, the thickness
of the display panel is reduced and thinning design of the
touch display panel is realized.

Optionally, the area of the vertical projection of the pixel
driving circuit 513, which corresponds to the organic light
emitting configuration 530 as the light source of the finger-
print identification unit 520, on the second substrate 512 is
greater than an area of the vertical projection of the pixel
driving circuit 513, which corresponds to the organic light
emitting configuration 530 not served as the light source of
the fingerprint identification unit 520, on the second sub-
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strate 512. The fingerprint identification unit 520 is arranged
between the pixel driving circuits 513 and the second
substrate 512.

With reference to FIG. 18A and FIG. 18B, in the organic
light emitting configurations as the light sources of the
fingerprint identification, a scanning line 534 and a data line
535 in the pixel driving circuit 513 can be designed to be
widened, so as to block the stray light. To be sure, to block
the stray light on the basis of not influencing original
functions, locations or sizes of opaque elements in the pixel
driving circuit 513 can also be changed. For example, the
location of a capacitor metal plate 538 is changed so as to
block the stray light on the basis of an original capacitor
storage function.

FIG. 18C is a schematic circuit diagram illustrating a
pixel driving circuit provided by embodiments of the present
disclosure. FIG. 18D is a schematic diagram illustrating a
signal time sequence state of the pixel driving circuit pro-
vided by embodiments of the present disclosure. The scan-
ning line 534 in FIG. 18D may be a signal control line, a first
scanning line and a second scanning line in the pixel driving
circuit provided by embodiments of the present disclosure.
The data line 535 in FIG. 18D may be a data line in the pixel
driving circuit provided by embodiments of the present
disclosure. The capacitor metal plate 538 in FIG. 18D may
be a storage capacitor C1 in the pixel driving circuit pro-
vided by embodiments of the present disclosure. It can be
understood that Gates, sources and other opaque parts of a
first thin film transistor T1 and a second thin film transistor
T2 in the pixel driving circuit can also be used to block the
stray light. With reference to FIG. 18C and FIG. 18D, a pixel
driving circuit provided by embodiments of the present
disclosure includes a data line, a first scanning line, a second
scanning line, a signal control line, a light emitting device,
a storage capacitor C1, a driving transistor DTFT and four
switching transistors (T1~T4). The gate of the first switching
transistor T1 is connected with the signal control line; the
source of the first switching transistor T1 is connected with
a first level terminal; and the drain of the first switching
transistor T1 is connected with a first electrode of the storage
capacitor C1. The gate of the second switching transistor T2
is connected with the first scanning line; the source of the
second switching transistor T2 is grounded: and a drain of
the second switching transistor T2 is connected with a
second electrode of the storage capacitor C1. The gate of the
third switching transistor T3 is connected with the first
scanning line; and the source of the third switching transistor
T3 is connected with the second electrode of the storage
capacitor C1. The gate of the fourth switching transistor T4
is connected with the first scanning line; the source of the
fourth switching transistor T4 is connected with the data
line; and a drain of the fourth switching transistor T4 is
connected with the drain of the third switching transistor T3.
The gate of the driving transistor DTFT is connected with
the drain of the fourth switching transistor T4; and the
source of the driving transistor DTFT is connected with the
first electrode of the storage capacitor C1. The gate of the
fifth switching transistor T5 is connected with the second
scanning line; the source of the fifth switching transistor T5
is connected with the drain of the driving transistor DTFT;
the drain of the fifth switching transistor T5 is connected
with one end of the light emitting device; and the other end
of the light emitting device is connected with the second
level terminal.

The first switching transistor T1, the third switching
transistor T3 and the fifth switching transistor T5 are “N”
type switching transistors, and the driving transistor DTFT,



US 10,325,967 B2

31

the second switching transistor T2 and the fourth switching
transistor T4 are “P” type switching transistors.

A driving method of the pixel driving circuit provided by
embodiments of the present disclosure is as follows: in a first
phase, the first switching transistor T1, the second switching
transistor T2, the fourth switching transistor T4 and the fifth
switching transistor T5 are turned on, the third switching
transistor T31 is turned off, and the storage capacitor C1 is
charged by the first level terminal; in a second phase, the
second switching transistor T2, the fourth switching tran-
sistor T4 and the fifth switching transistor T5 are turned on,
the first switching transistor T1 and the third switching
transistor T31 are turned off, and the storage capacitor C1
discharges through the driving transistor DTFT until a
difference between the voltage of the gate and the voltage of
the source of the driving transistor DTFT is equal to a
threshold voltage of the driving transistor DTFT; and in a
third phase, the first switching transistor T1, the third
switching transistor T31 and the fifth switching transistor T5
are turned on, the second switching transistor T2 and the
fourth switching transistor T4 are turned off, and the first
level terminal and the second level terminal exert conduct-
ing signals to the light emitting device. The fifth switching
transistor T5 is turned off after the display is finished,
thereby protecting the light emitting device.

FIG. 19 is a cross sectional structural schematic diagram
illustrating another touch display panel provided by embodi-
ments of the present disclosure. Optionally, with reference to
FIG. 19, the array substrate 510 further includes a plurality
of shading pads 550. The shading pads 550 are arranged
between the fingerprint identification units 520 and the
organic light emitting configurations 530 as the light sources
of the fingerprint identification units 520. Each organic light
emitting configuration 530 successively includes a first
electrode 5313, a light emitting functional layer 5311 and a
second electrode 5314 along a direction in which the organic
light emitting configurations 530 is away from the array
substrate 510. The first electrode 5313 is a reflection elec-
trode. The area of the vertical joint projection of the shading
pads 550 and the first electrode 5313 of the organic light
emitting configurations 530 as the light sources of the
fingerprint identification units 520 on the array substrate 510
is greater than the area of the vertical projection of the first
electrode 5313 of the organic light emitting configurations
530 which is not served as the light sources of the fingerprint
identification units 520 on the array substrate 510. The
vertical joint projection of the first electrode 5313 and the
shading pad 550 on the array substrate 510 is a union of the
vertical projection of the first electrode 5313 on the array
substrate 510 and vertical projections of the shading pads
550 on the array substrate 510. Specifically, if A and B are
sets, then a union of A and B is a set including all elements
of A and all elements of B and excluding other elements.

Optionally, with reference to FIG. 19, the vertical projec-
tion of the edge of the first electrode 5313 of the organic
light emitting configurations 530, which are served as the
light sources of the fingerprint identification unit 520, on the
array substrate 510 is located in the vertical projections of
the shading pads 550 on the array substrate 510. Through
such arrangement, the reflection electrode is equivalent to be
extended. That is, this is equivalent to that, compared with
the existing art, the area of the reflection electrode in the blue
organic light emitting configuration 533 is not changed, and
the area of the reflection electrode in the red organic light
emitting configuration 531 and/or the green organic light
emitting configuration 532 is increased, so as to block the
stray light. Embodiments of the present disclosure can
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effectively prevent the stray light from irradiating the fin-
gerprint identification unit. The array substrate 510 includes
a second substrate 512 and a plurality of pixel driving
circuits 513 disposed on the second substrate 512. The pixel
driving circuit 513 includes a data line, scanning lines and
a capacitor metal plate (not shown). The shading pads 550
are arranged on the same layer as the data line, the scanning
lines or the capacitor metal plate, thereby saving techno-
logical processes. The shading pads can be made without
adding a metal layer in the touch display panel, thereby
increasing manufacturing efficiency and saving the produc-
tion cost.

The shading pads 550 may be made of metal materials, or
non-metal materials with a shading effect. The shading pads
are adopted to prevent the stray light from irradiating the
fingerprint identification unit in embodiments of the present
disclosure, so as to improve the fingerprint identification
precision. It should be noted that solutions in above embodi-
ments can be combined with each other to improve the
fingerprint identification precision.

FIG. 20 is a schematic cross sectional diagram illustrating
a display panel provided by embodiments of the present
disclosure. As shown in FIG. 20, the display panel in the
present embodiment includes a display module 61 and a
fingerprint identification module 62. The display module 61
includes a first substrate 610 and a first polarizer 611
disposed on the first substrate 610. A light emergent surface
of the display module 61 is at a side of the first polarizer 611
facing away from the first substrate 610. The fingerprint
identification module 62 is arranged at a side facing away
from the first polarizer 611 of the first substrate 610, and
includes a fingerprint identification layer 621 and a second
polarizer 622 disposed at a side close to the display module
61 of the fingerprint identification layer 621. The fingerprint
identification layer 621 is configured to perform fingerprint
identification according to fingerprint signal light formed by
the light rays emitted from the light sources and reflected on
the fingerprint identification layer through the touch body.
The display module 61 further includes an organic light
emitting layer 612 arranged between the first substrate 610
and the first polarizer 611. The organic light emitting layer
612 is configured to generate light for displaying the pic-
tures. Optionally, the organic light emitting layer 612
includes a red organic light emitting unit 6121, a green
organic light emitting unit 6122 and a blue organic light
emitting unit 6123. The above fingerprint identification layer
621 includes a plurality of fingerprint identification units
6211.

Optionally, in the present embodiment, the organic light
emitting layer 612 is multiplexed as the above light source.
Exemplarily, a plurality of organic light emitting units and a
plurality of fingerprint identification units are arranged in an
array. The fingerprint identification units may be arranged
correspondingly to the organic light emitting units. Beams of
fingerprint signal light generated by one organic light emit-
ting unit as the light source can be received by one or more
fingerprint identification units corresponding to the organic
light emitting unit. Optionally, the display panel includes a
display region. The organic light emitting unit and the
fingerprint identification unit are located in the display
region. Thus, fingerprint identification can be realized in the
display region of the display panel.

With reference to FIG. 20, the light rays emitted from the
organic light emitting layer 612 irradiate the touch body, and
the touch body is usually a finger. The fingerprint is com-
posed of a series of ridges 641 and valleys 642 on a surface
of skin of a finger tip. Since intensities of light rays reflected
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by the ridges 641 and the valleys 642 received by the
fingerprint identification unit are different, so that current
signals sensed by the reflected light formed at the ridges 641
and the reflected light formed at the valleys 642 are different
in sizes. Then, fingerprint identification can be performed
according to the sizes of the current signals. It should be
noted that the touch body can also be a palm and the like,
and the fingerprint identification unit can realize detection
and identification functions according to a palm print.

Considering that the above organic light emitting layer
612 is used as not only the light source for displaying
pictures, but also the light source for fingerprint identifica-
tion, whether in the display phase or in the fingerprint
identification phase, the organic light emitting layer needs to
emit light; or in the display phase, light emitting driving
signals are input into all the organic light emitting units of
the organic light emitting layer; and in the fingerprint
identification phase, the light emitting driving signals are
input into some organic light emitting units. Therefore,
based on the above solution, the display module 61 in the
present embodiment further includes a first display driving
circuit (not shown in the figure) configured to output the
light emitting driving signals for driving at least part of the
organic light emitting units in the fingerprint identification
phase, so as to provide light sources for the fingerprint
identification module 62.

Exemplarily, in the fingerprint identification phase, the
first display driving circuit outputs driving signals for driv-
ing the red organic light emitting unit and/or the green
organic light emitting unit to emit light based on the fol-
lowing reasons: the light rays emitted from the blue organic
light emitting unit have a shorter wavelength while each film
(such as the organic insulation layer, the inorganic insulation
layer, the polarizer and the like) in the display panel has a
stronger absorption effect on the light rays with the shorter
wavelength, and thus the light rays emitted from the blue
organic light emitting unit have a lower transmittance and
are easy to be absorbed by the touch display panel; and the
material of the light emitting functional layer of the blue
organic light emitting unit has a shorter life than the material
of light emitting functional layer of the red organic light
emitting unit and the blue organic light emitting unit.
Optionally, the display panel in the present embodiment
further includes a touch functional layer. The structure and
position of the touch functional layer are not limited herein
as long as a touch position on the screen can be detected.
After the finger’s touch position on the screen is detected, in
the fingerprint identification phase, the first display driving
circuit outputs driving signals for driving the organic light
emitting units in regions corresponding to the finger’s touch
position on the screen to emit light.

Optionally, the first polarizer in the present embodiment
includes a first linear polarizer; the second polarizer includes
a second linear polarizer; and polarization directions of the
first linear polarizer and the second linear polarizer are
consistent.

Referring back to FIG. 20, the solid arrow indicates light
rays emitted from the organic light emitting layer 612 to the
light emergent surface and light rays of the fingerprint signal
light formed after reflected through the touch body, and the
dotted arrow indicates light rays leaked from the organic
light emitting layer 612 to the fingerprint identification
module 62. Light emitted from the organic light emitting
layer, such as the red organic light emitting unit 6121 in FIG.
20, is firstly changed to linearly polarized light through the
first polarizer 611. The linearly polarized light, after being
reflected through the touch body, is still linearly polarized
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light (fingerprint signal light at this moment), and the
polarization direction is not changed. Then, the fingerprint
signal light passes through the first polarizer 611 again
without any light intensity loss. Since the polarization direc-
tion of the second polarizer 622 and the polarization direc-
tion of the first polarizer 611 are consistent, when the
fingerprint signal light passes through the second polarizer
622, the fingerprint signal light passes through the second
polarizer 622 without any light intensity loss, and reaches
the fingerprint identification unit 6211. However, the light
leaked from the red organic light emitting unit 6121 is
evenly distributed in each polarization direction, and is
changed to light having only one polarization direction after
passing through the second polarizer 622. As a result, half of
the intensity of the light is lost. Therefore, when the light
leaked from the organic light emitting unit reaches the
fingerprint identification unit 6211, the light intensity is
greatly reduced. In conclusion, the light intensity of the
fingerprint signal light is not changed, while the light
intensity of the fingerprint noise light is relatively reduced.
Therefore, a signal-to-noise ratio of the fingerprint identifi-
cation module 62 is increased, and thus the fingerprint
identification precision of the fingerprint identification mod-
ule 62 is improved.

Optionally, the display panel in the present embodiment is
arigid display panel. As shown in FIG. 20, the first substrate
610 is a first glass substrate. The display module 61 further
includes a second glass substrate 613. The organic light
emitting layer 612 is arranged between the first glass sub-
strate 610 and the second glass substrate 613. The first glass
substrate 610 and the second glass substrate 613 are sup-
ported by supporting pillars 615. An air gap exists between
the first glass substrate 610 and the second glass substrate
613. Optionally, the thickness of the air gap is 4 pm. The
display panel further includes a cover plate 614. Optionally,
the thickness of the display module is 1410 pm. In the
present embodiment, the fingerprint identification module
62 further includes a second substrate 620. The fingerprint
identification layer 621 is arranged on a surface of a side
close to the display module 61 of the second substrate 620.
The second substrate 620 is configured to protect the fin-
gerprint identification layer 621. In addition, the second
polarizer 622 may be attached to the first substrate to attach
the display module 61 and the fingerprint identification
module 62 together to form the display panel.

In addition, the first polarizer in embodiments of the
present disclosure may include a first quarter-wave plate and
a third linear polarizer which are stacked. The first quarter-
wave plate is arranged at a side close to the organic light
emitting layer of the third linear polarizer. The second
polarizer may include a second quarter-wave plate and a
fourth linear polarizer which are stacked. The second quar-
ter-wave plate is arranged at a side close to the organic light
emitting layer of the fourth linear polarizer. The first quarter-
wave plate and the second quarter-wave plate are the same
in materials and thicknesses. Facing a transmission direction
of the fingerprint signal light, by taking an anticlockwise
direction as a forward direction, an included angle between
a direction of an optical axis of the first quarter-wave plate
and the polarization direction of the third linear polarizer is
45°; and an included angle between a direction of an optical
axis of the second quarter-wave plate and the polarization
direction of the fourth linear polarizer is -45°. Or, an
included angle between a direction of an optical axis of the
first quarter-wave plate and the polarization direction of the
third linear polarizer is -45°; and an included angle between
a direction of an optical axis of the second quarter-wave
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plate and the polarization direction of the fourth linear
polarizer is 45°. Thus, the first polarizer and the second
polarizer are both circular polarizers.

Exemplarily, the first quarter-wave plate and the second
quarter-wave plate are optionally made of calcite, and an e
axis of the first quarter-wave plate and the second quarter-
wave plate is served as an optical axis. By continuing to refer
to FIG. 20, in the fingerprint identification phase, as shown
in FIG. 21A, before the light emitted from the organic light
emitting layer 612 is reflected by the touch body, facing a
transmission direction of the light, by taking an anticlock-
wise direction as the forward direction, an included angle
between a direction of the e axis of the first quarter-wave
plate and the polarization direction P of the third linear
polarizer 6112 is -45°. Natural light emitted from the
organic light emitting layer 612 is still natural light after
passing through the first quarter-wave plate 6111, and after
passing through the third linear polarizer 6112, become
linearly polarized light having a polarization direction the
same as the polarization direction P of the third linear
polarizer 6112 and located in a second quadrant and a fourth
quadrant. With reference to FIG. 21B, the linearly polarized
light forms the fingerprint signal light after being reflected
through the touch body, and is still linearly polarized light
with an unchanged polarization direction. However, facing
the transmission direction of the fingerprint signal light, an
included angle between a direction of the e axis of the first
quarter-wave plate and the polarization direction of the third
linear polarizer 6112 is 45°, the fingerprint signal light is the
linearly polarized light with the polarization direction
located in a first quadrant and a third quadrant; and a
polarization state and the light intensity of the fingerprint
signal light when passing through the third linear polarizer
6112 again are unchanged, and fingerprint signal light
becomes levorotatory circularly polarized light when pass-
ing through the first quarter-wave plate 6111 and the light
intensity is unchanged. When passing through the second
quarter-wave plate 6221, the levorotatory circularly polar-
ized light becomes the linearly polarized light with the
polarization direction located in the second quadrant and the
fourth quadrant and has unchanged light intensity. The
linearly polarized light with the unchanged light intensity is
outputted through the fourth linear polarizer 6222 with the
polarization direction parallel with the polarization direction
of the linearly polarized light. However, with reference to
FIG. 22, the fingerprint noise light emitted from the organic
light emitting layer directly enters the second polarizer.
Facing a transmission direction of the fingerprint noise light,
an included angle between a direction of the e axis of the
second quarter-wave plate 6221 and the polarization direc-
tion P of the fourth linear polarizer 6222 is —45°. The
fingerprint noise light is still the natural light after passing
through the second quarter-wave plate 6221. The natural
light passes through the fourth linear polarizer 6222 to
become linearly polarized light having a polarization direc-
tion identical with the polarization direction P of the fourth
linear polarizer 6222 and located in a second quadrant and
a fourth quadrant, but half of the light intensity is lost.
Therefore, the second polarizer can reduce the light intensity
of the fingerprint noise light to increase the signal-to-noise
ratio. The display panel in embodiments of the present
disclosure is also optionally a flexible display panel. In
embodiments of the present disclosure, the included angle
between the direction of the optical axis of the first quarter-
wave plate and the polarization direction of the third linear
polarizer and the included angle between the direction of the
optical axis of the second quarter-wave plate and the polar-
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ization direction of the fourth linear polarizer only need to
satisfy limiting conditions of above embodiments.

The fingerprint identification unit in any of above embodi-
ments of the present disclosure may include a fingerprint
sensor. Optionally, as shown in FIG. 23A and FIG. 23B, the
above fingerprint sensor includes a photosensitive diode D,
a storage capacitor C and a thin film transistor T. The
positive electrode D1 of the photosensitive diode D is
electrically connected with a first electrode of the storage
capacitor C. The negative electrode D2 is electrically con-
nected with a second electrode of the storage capacitor C and
the source Ts of the thin film transistor T. The gate Tg of the
thin film transistor T is electrically connected with the gate
of a switch control line. The drain Td is electrically con-
nected with the Data line of the signal detection line. The
photosensitive diode D is configured to transform the fin-
gerprint signal light into current signals. In the fingerprint
identification phase, the gate of the switch control line
controls the thin film transistor T to be turned on, and the
current signals are transmitted to the Data line of the signal
detection line through the thin film transistor T, to perform
fingerprint identification according to the current signals.

FIG. 24 is a schematic diagram illustrating a display panel
provided by embodiments of the present disclosure. FIG. 25
is a cross sectional schematic diagram illustrating a display
panel along a cut line H-H in FIG. 24. With reference to FIG.
24 and FIG. 25, the display panel includes an array substrate
710, an encapsulating layer 720 and a fingerprint identifi-
cation module 730. The array substrate 710 includes a first
substrate 7110 and a plurality of light emitting units 7120
disposed on the first substrate 7110. The encapsulating layer
720 is arranged at a side facing away from the first substrate
7110 of the plurality of light emitting units 7120. The
fingerprint identification module 730 is arranged on the
encapsulating layer 720, and includes at least one fingerprint
identification unit 7310. The vertical projection of the fin-
gerprint identification unit 7310 on the array substrate 710 is
in a non-light emitting region of the array substrate 710, and
the non-light emitting region is located between adjacent
light emitting units 7120. A horizontal distance d between
the edge of the fingerprint identification unit 7310 and the
edge of a closest light emitting unit 7120 is greater than or
equal to a preset distance, so that the display panel has a
maximum light emergent angle 1, where  is greater than or
equal to 50°.

Specifically, a maximum light emergent angle 1 of the
display panel is a maximum included angle between emer-
gent light and a vertical line of the light emergent surface of
the display panel, on the light emergent surface of the
display panel. The larger the maximum light emergent angle
1 of the display panel is, the larger the visual angle of the
display panel is. With reference to FIG. 25, the display panel
may further include a cover plate 740. If a surface facing
away from the array substrate 710 of the cover plate 740 is
the light emergent surface of the display panel, the maxi-
mum included angle between the emergent light and the
vertical line of the surface facing away from the array
substrate 710 of the cover plate 740 is the maximum light
emergent angle 1 of the display panel.

Among a plurality of light emitting units 7120 adjacent to
the fingerprint identification unit 7310, a light emitting unit
7120 the edge of which is closest to the edge of the
fingerprint identification unit 7310 is the closest light emit-
ting unit 7120 for the fingerprint identification unit 7310.
FIG. 26 is a schematic diagram illustrating another display
panel provided by embodiments of the present disclosure.
With reference to FIG. 24 and FIG. 26, the non-light
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emitting region may be a region between two adjacent
columns of light emitting units 7120, and may also be a
region between two adjacent rows of light emitting units
7120, which can be selected according to an arrangement
mode of the light emitting units 7120 of the display panel
and is not be specifically limited. With reference to FIG. 24
and FIG. 26, the closest light emitting unit 7120 for the
fingerprint identification unit 7310 can be determined
according to distances d and d' from two adjacent columns
(or two adjacent rows) of light emitting units 7120 of the
fingerprint identification unit 7310 to the edge of the fin-
gerprint identification unit 7310 respectively. The light emit-
ting unit 7120 with a smaller distance is the closest light
emitting unit 7120 of the fingerprint identification unit 7310.
In addition, in the present embodiment, w is set to be greater
than or equal to 50°, to satisfy basic needs of users for the
visual angle of the display panel, so that the users can see
more clear display pictures when seeing the display pictures
sideways. 1 can also be set to be greater than or equal to 60°
according to the needs of the users for the visual angle of the
display panel, which is not limited herein.

In the present embodiment, the fingerprint identification
module 730 is arranged on the encapsulating layer 720 of the
display panel, and a vertical projection of the fingerprint
identification unit 7310 on the array substrate 710 is in the
non-light emitting region of the array substrate 710, so that
the fingerprint identification module 730 can be arranged in
the display region of the display panel, thereby increasing a
screen-to-body ratio of the display panel and satisfying a
development trend of edge narrowing of the display panel.
In addition, since a lower surface of the fingerprint identi-
fication unit 7310 is opaque, when the light rays emitted
from the light emitting unit 7120 irradiate the edge of the
fingerprint identification unit 7310, the light rays are
blocked by the lower surface of the fingerprint identification
unit 7310, thereby influencing the light emergent angle of
the display panel. In the present embodiment, the horizontal
distance d between the edge of the fingerprint identification
unit 7310 and the edge of a light emitting region of the
closest light emitting unit 7120 is set to be greater than or
equal to the preset distance, so that the fingerprint identifi-
cation unit 7310 arranged on the display region of the
display panel does not influence the light emergent angle of
the display panel, thereby ensuring that the display panel has
a large visual angle.

FIG. 27 is a cross sectional schematic diagram illustrating
another display panel provided by embodiments of the
present disclosure. Optionally, with reference to FIG. 27, the
light emitting unit 7120 includes a first electrode 7121, a
light emitting layer 7122 and a second electrode 7123. The
light emitting layer 7122 is arranged between the first
electrode 7121 and the second electrode 7122. The array
substrate 710 further includes a pixel defining layer 750. The
pixel defining layer 750 has an opening region. The light
emitting layer 7122 of the light emitting unit 7120 is located
in the opening region. The second electrode 7123 covers the
light emitting layer 7122 and a non-opening region of the
pixel defining layer 750. A vertical projection of the finger-
print identification unit 7310 on the array substrate 710 is in
the non-opening region of the pixel defining layer 750. The
encapsulating layer 720 is a transparent rigid cover plate
720a. The fingerprint identification module 730 is arranged
at a side close to the array substrate 710 of the transparent
rigid cover plate 720a. Then, dzh*tan 1, where h is a
vertical distance from the fingerprint identification unit 7310
to a light exiting side of the light emitting layer 7122 of the
light emitting unit 7120.
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A supporting pillar 760 is arranged between the transpar-
ent rigid cover plate 720a and the array substrate 710, and
configured to support the transparent rigid cover plate 720a.
Alr ornitrogen is filled in a gap between the transparent rigid
cover plate 720a and the array substrate 710. The light rays
emitted from the light emitting layer 7122 of the light
emitting unit 7120 are emitted to the air after passing
through the second electrode 7122, the gap between the
transparent rigid cover plate 720a and the array substrate
710, the transparent rigid cover plate 720a and the cover
plate 740. Since a thickness of the second electrode 7122 is
thin, a refraction effect of the second electrode 7122 can be
ignored in a propagation process of the light rays. It can be
obtained according to a refraction law that: n, sin 0=n, sin
a=n, sin f=n, sin 1, so as to obtain that:

0=y,

tany =t O—d
ant,//—an—h.

When the display panel has the maximum light emergent
angle 1\, d=h*tan 1. Therefore, the preset distance is h*tan
1. When d is greater than or equal to h*tan 1, the display
panel has the maximum light emergent angle 1.

n, is the refraction index of the air; n, is the refraction
index of the transparent rigid cover plate 20a; n; is the
refraction index of the cover plate 740; 0 is a propagation
angle of the light rays in the gap between the transparent
rigid cover plate 720a and the array substrate 710; o 1s a
propagation angle of the light rays in the transparent rigid
cover plate 720a; and f§ is a propagation angle of the light
rays in the cover plate 40, where the propagation angle
means an included angle between the light rays and the
vertical line of each film of the display panel. Optionally, if
h=4 um and }=50°, then d=4.8 um, where h can be com-
puted according to the thickness of the second electrode
7123, the thickness of the pixel defining layer 750, the
thickness of the supporting pillar 760 and the like. When the
thickness of each film of the display panel is changed, h can
also be other values and is not specifically limited by the
present disclosure.

In the present embodiment, the fingerprint identification
module 730 is arranged at a side close to the array substrate
710 of the transparent rigid cover plate 720, and the
horizontal distance d between the edge of the fingerprint
identification unit 7310 and the edge of the light emitting
region of the closest light emitting unit 7120 is set to be
greater than or equal to h*tan 1, so that the fingerprint
identification module 730 can be arranged in the display
region of the display panel, thereby increasing the screen-
to-body ratio of the display panel, enabling the display panel
to reach the maximum light emergent angle 1, ensuring that
the display panel has a large visual angle and improving user
experience.

FIG. 28 is a cross sectional schematic diagram illustrating
another display panel provided by embodiments of the
present disclosure. Optionally, the encapsulating layer 720 is
a film encapsulating layer 7205. The fingerprint identifica-
tion module 730 is arranged at a side facing away from the
array substrate 710 of the film encapsulating layer 7205,
then
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where h is a vertical distance from the fingerprint identifi-
cation unit 7310 to a light exiting side of the light emitting
layer 7122 of the light emitting unit 7120, and nirE is the
refraction index of the film encapsulating layer 204. The
light rays emitted from the light emitting layer 7122 of the
light emitting unit 7120 are emitted to the air after passing
through the second electrode 7122, the film encapsulating
layer 7205 and the cover plate 740. Since thicknesses of the
second electrode 7122 and the fingerprint identification unit
7310 are thin and the influence on propagation of the light
rays is small, the influence can be ignored in the propagation
process of the light rays. It can be obtained according to a
refraction law that:

nrFEsiny = nasinS = g sing,

siny = —,
Vd?+h?

s0 as to obtain that:

As can be seen, when the display panel has the maximum
light emergent angle 1,

nypg #d

v+ ht

= siny.

Therefore, when

nypg «d

Vd?+h?

= siny,

display panel has the maximum light emergent angle 1,
where n,=1; n, is the refraction index of the cover plate 740;
v 1s a propagation angle of the light rays in the film
encapsulating layer 7205; and {3 is a propagation angle of the
light rays in the cover plate 740.

Optionally, when h =8 um, n;»=1.5, and ¢=50°, d is
greater than or equal to 4.7 um, where h can be computed
according to the thickness of the film encapsulating layer
72054, the thickness of the second electrode 7123 and the
like. In addition, a material with a thicker thickness in the
film encapsulating layer 7205 is generally an organic mate-
rial and an inorganic material is very thin. Therefore, the
refraction index of the film encapsulating layer 7205 may be
the refraction index of the organic material, i.e., 1.5. When
the thickness of each film of the display panel is changed, h,
and h, can also be other values and are not specifically
limited by the present disclosure.

FIG. 29 is a cross sectional view illustrating another
display panel provided by embodiments of the present
disclosure. The fingerprint identification module 730 further
includes a second substrate 7320. The fingerprint identifi-
cation unit 7310 is formed on the second substrate 7320.
One side facing away from the fingerprint identification unit
7310 of the second substrate 7320 is attached to the surface
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facing away from the array substrate 710 of the film encap-
sulating layer 72056 through an adhesive layer 770. Then,
d=d, +d,,

nreg*dy
b+ i}

and

= siny

n [*d’*
pl ¥ Q1 .
—— = siny,

&+ 1

where 1. is the refraction index of the film encapsulating
layer 720b; h, is a vertical distance from an interface
between the film encapsulating layer 7205 and the adhesive
layer 770 to the light exiting side of the light emitting layer
7122 of the light emitting unit 7120; d, is a horizontal
distance from an exiting point of the interface between the
film encapsulating layer 7205 and the adhesive layer 770 of
the light emitted from the edge of the light emitting region
of the light emitting unit 7120 to the edge of the light
emitting region; nin is the refraction index of the second
substrate 320; h, is a thickness sum of the adhesive layer 770
and the second substrate 7320; and d, is a horizontal distance
from the exiting point of the interface between the film
encapsulating layer 7205 and the adhesive layer 770 of the
light emitted from the edge of the light emitting region of the
light emitting unit 7120 to the edge of the fingerprint
identification unit 7310.

With reference to FIG. 29, the light rays emitted from the
light emitting layer 7122 of the light emitting unit 7120 are
emitted to the air after passing through the second electrode
7122, the film encapsulating layer 7204, the adhesive layer
770, the second substrate 7320 and the cover plate 740.
Since the second electrode 7122 and the adhesive layer 770
are thin, the refraction effect of the second electrode 7122
and the adhesive layer 770 can be ignored in a propagation
process of the light rays. Moreover, the fingerprint identifi-
cation unit 7310 is thin, the thickness is ignored. Tt can be
obtained according to a refraction law that:

nrFESINY = Rpy
sing = 13
sinf = ) sing,
dy
,
[ 2
dr +hi
&

siny =

sine =

S0 as to obtain that:

nreg *d

= siny,
Na+m
n d:
s siny.
B+ h
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Therefore, when the display panel has the maximum light
emergent angle 1),

nreg #dy

B+ i3

= siny

3

Ry dy .
= = simj.
B+

Therefore, when

nreg #d

= sing
di+ 1}

3

n [*dz
Pl .
— = siny,

&+

the display panel has the maximum light emergent angle 1},
where n,=1 and n, is the refraction index of the cover plate
740; v is a propagation angle of the light rays in the film
encapsulating layer 7205; ¢ is a propagation angle of the
light rays in the second substrate 7320; and  is a propaga-
tion angle of the light rays in the cover plate 740. Optionally,
when h;=8 um, nyzz=1.5, h,=10 um, np,;=1.6, and y=50°,
d, is greater than or equal to 4.7 um and d, is greater than
or equal to 5.4 um. Therefore, d is greater than or equal to
10.1 um.

In the present embodiment, the fingerprint identification
module 730 is arranged at a side facing away from the array
substrate 710 of the film encapsulating layer 7205, and the
horizontal distance d between the edge of the fingerprint
identification unit 7310 and the edge of the light emitting
region of the closest light emitting unit 7120 is set to be
greater than or equal to a preset distance, so that the
fingerprint identification module 730 is arranged in the
display region of the display panel, thereby increasing the
screen-to-body ratio of the display panel, enabling the
display panel to have the maximum light emergent angle 1,
ensuring that the display panel has a large visual angle and
improving user experience. Moreover, since the fingerprint
identification module 730 is arranged after the film encap-
sulating layer 7205 is completely manufactured, the film
encapsulating layer 72056 is ensured to have better water
resistance and oxygen resistance effects and a probability
that the display panel is corroded is reduced.

FIG. 30 is a cross sectional schematic diagram illustrating
another display panel provided by embodiments of the
present disclosure. Optionally, with reference to FIG. 30, the
fingerprint identification unit 7310 can also be located in the
film encapsulating layer 7205. The film encapsulating layer
720b may include a plurality of inorganic layers 7210 and
organic layers 7220 arranged alternatively. The fingerprint
identification unit 7310 may be arranged at one side facing
away from the array substrate 710 of the organic layers 7210
or the inorganic layers 7220. Since the inorganic layers 7210
are thin, a refraction effect of the inorganic layers 7210 for
the light rays can be ignored. It can be obtained according
to a refraction law that, when the display panel has the
maximum light emergent angle 1, d&=h*tan . Therefore, the
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preset distance is h*tan ). If d is greater than or equal to the
preset distance, the display panel has the maximum light
emergent angle .

In addition, the fingerprint identification unit 7310 may
also be arrange at a side close to the array substrate 710 of
the film encapsulating layer 7205 as long as the fingerprint
identification unit 7310 is insulated from the second elec-
trode 7122. At this moment, since the vertical distance from
the fingerprint identification unit 7310 to the light exiting
side of the light emitting layer 7122 is short, and an influence
on the light emergent angle of the light rays emitted from the
light emitting layer 7122 is small, the preset distance can be
any numerical value greater than or equal to zero. It should
be noted that above embodiments only show a condition that
only the cover plate 740 is arranged at a side facing away
from the array substrate 710 of the encapsulating layer 720
(the transparent rigid cover plate 720a or the film encapsu-
lating layer 7205), and do not limit the present disclosure.
Polarizers and other films can also be arranged between the
encapsulating layer 720 and the cover plate 740. When other
films are arranged between the encapsulating layer 20 and
the cover plate 40, the preset distance can be obtained in
accordance with the above derivation process according to
the refraction law.

FIG. 31 is a cross sectional schematic diagram illustrating
another display panel provided by embodiments of the
present disclosure. The display panel further includes: a
touch electrode 790. The fingerprint identification module
730 and the touch electrode 790 are located at the same side
of the encapsulating layer 720. To avoid mutual interference,
an insulating layer 7100 needs to be arranged between the
touch electrode 790 and the fingerprint identification module
730, The touch electrode 790 may be a mutual capacitance
type touch electrode, and may also be a self-capacitance type
touch electrode. With reference to FIG. 32, the fingerprint
identification module 730 and the touch electrode 790 are
located at different sides of the encapsulating layer 720. In
this way, mutual interference between the touch electrode
790 and the fingerprint identification module 730 can be
avoided without installing the insulating layer, thereby
reducing the thickness of the display panel and reducing
technological steps.

Embodiments of the present disclosure further provide an
electronic device. FI1G. 33 is a schematic diagram illustrating
an electronic device provided by another embodiment of the
present disclosure. As shown in FIG. 33, the electronic
device provided by embodiments of the present disclosure
includes the display panel or the display apparatus of any
embodiment of the present disclosure. The electronic device
may be a mobile phone shown in FIG. 33, and may also be
a computer, a television, an intelligent wearable device and
the like, and is not particularly limited in the present
embodiment.

It should be noted that the above contents are only
preferred embodiments of the present disclosure and used
technical principles. It can be understood for those skilled in
the art that the present disclosure is not limited to specific
embodiments described herein. For those skilled in the art,
the present disclosure can be subject to various apparent
variations, readjustments and replacements without depart-
ing from a protection scope of the present disclosure.
Therefore, although the present disclosure is described in
detail through above embodiments, the present disclosure is
not only limited to above embodiments. The present disclo-
sure can also include more other equivalent embodiments
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without deviating from conceptions of the present disclo-
sure. A scope of the present disclosure is determined by a
scope of attached claims.

What is claimed is:

1. A display apparatus, comprising:

a display panel and a cover plate disposed on the display
panel, wherein the display panel comprises an array
substrate, an organic light emitting layer disposed at
one side of the array substrate facing the cover plate,
and a fingerprint identification array; the organic light
emitting layer comprises a plurality of organic light
emitting configurations, wherein light emerges from a
first surface of the cover plate facing away from the
array substrate;

wherein in a fingerprint identification phase, the plurality
of organic light emitting configurations are arranged to
emit light according to a first light emitting lattice,
wherein the first emitting lattice comprises a plurality
of organic light emitting configurations being illumi-
nated, and the first emitting lattice shifts for each frame
to be displayed; a distance between any two adjacent
organic light emitting configurations in the first light
emitting lattice is greater than or equal to a minimum
crosstalk-free distance, wherein the minimum cross-
talk-free distance is a maximum radius of a covering
region formed on the fingerprint identification array by
the light emitted from any organic light emitting con-
figuration and reflected through the first surface of the
cover plate,

wherein the organic light emitting layer successively
comprises a first electrode, a light emitting functional
layer and a second electrode in a direction in which the
organic light emitting configurations are away from the
array substrate; wherein

L=tan 0*H1+tan 0*H2,

wherein L is the minimum crosstalk-free distance; 0 is an
included angle between a direction corresponding to a
preset brightness of the organic light emitting configu-
rations and a direction perpendicular to the organic
light emitting layer; H1 is a height from the first surface
of the cover plate to the light emitting functional layer
in the direction perpendicular to the display apparatus;
H2 is a height from the first surface of the cover plate
to the fingerprint identification array in the direction
vertical to the display apparatus; and

wherein the preset brightness is less than or equal to 10%

of a brightness in the direction perpendicular to the
organic light emitting layer.

2. The display apparatus according to claim 1, wherein the
organic light emitting configurations in the first light emit-
ting lattice form a plurality of patterns; and an angle of each
corner of a pattern with a minimum area in the plurality of
patterns is not equal to 90°.

3. The display apparatus according to claim 2, wherein the
first light emitting lattice is a pentagonal light emitting
lattice, and the pentagonal light emitting lattice comprises a
central organic light emitting configuration and five mar-
ginal organic light emitting configurations.

4. The display apparatus according to claim 2, wherein the
first light emitting lattice is a hexagonal light emitting
lattice, and the hexagonal light emitting lattice comprises a
central organic light emitting configuration and six marginal
organic light emitting configurations.

5. The display apparatus according to claim 1, wherein the
first light emitting lattice comprises first light emitting rows
and second light emitting rows arranged alternately, wherein
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any organic light emitting configuration in the first light
emitting rows and any organic light emitting configuration
in the second light emitting rows are located in different
columns.

6. The display apparatus according to claim 1, wherein the
distance between any two adjacent organic light emitting
configurations in the first light emitting lattice is equal to the
minimum crosstalk-free distance.

7. The display apparatus according to claim 1, wherein for
any two adjacent organic light emitting configurations
located in different rows in the first light emitting lattice, a
vertical distance from one organic light emitting configura-
tion to a row in which the other organic light emitting
configuration is located is smaller than the minimum cross-
talk-free distance.

8. The display apparatus according to claim 7, wherein for
any two adjacent organic light emitting configurations
located in different columns in the first light emitting lattice,
a vertical distance from one organic light emitting configu-
ration to a column in which the other organic light emitting
configuration is located is smaller than the minimum cross-
talk-free distance.

9. The display apparatus according to claim 1, wherein for
any two adjacent organic light emitting configurations
located in different columns in the first light emitting lattice,
a vertical distance from one organic light emitting configu-
ration to a column in which the other organic light emitting
configuration is located is smaller than the minimum cross-
talk-free distance.

10. The display apparatus according to claim 1, wherein
the fingerprint identification array is disposed at a side
facing away from the cover plate of the array substrate.

11. The display apparatus according to claim 1, wherein
a thin film transistor array, the fingerprint identification array
and the organic light emitting layer are stacked at a side of
the array substrate facing the cover plate.

12. The display apparatus according to claim 1, wherein
a thin film transistor array, the organic light emitting layer
and the fingerprint identification array are stacked at the side
of the array substrate facing the cover plate, wherein the
organic light emitting layer comprises a display region and
a non-display region, and a projection of the fingerprint
identification array in the direction perpendicular to the
display apparatus is in the non-display region of the organic
light emitting layer.

13. The display apparatus according to claim 1, wherein
the display panel further comprises an encapsulating glass
disposed at the side of the array substrate facing the cover
plate, wherein the organic light emitting layer is disposed at
the side of the array substrate facing the cover plate, and
wherein the fingerprint identification array 1s disposed at a
side facing the array substrate of the encapsulating glass;

wherein the organic light emitting layer comprises a

display region and a non-display region; and

wherein a projection of the fingerprint identification array

in the direction perpendicular to the display apparatus
is in the non-display region of the organic light emitting
layer.

14. The display apparatus according to claim 1, wherein
the display panel further comprises a film encapsulating
layer disposed at the side of the array substrate facing the
cover plate, wherein the organic light emitting layer is
disposed at the side of the array substrate facing the cover
plate, and wherein the fingerprint identification array is
disposed at a side facing the array substrate of the film
encapsulating layer; wherein the organic light emitting layer
comprises a display region and a non-display region; and
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wherein a projection of the fingerprint identification array in
the direction perpendicular to the display apparatus is in the
non-display region of the organic light emitting layer.

15. The display apparatus according to claim 1, wherein
the display panel further comprises a film encapsulating
layer disposed at the side of the array substrate facing the
cover plate, wherein the organic light emitting layer is
disposed at the side of the array substrate facing the cover
plate, and wherein the fingerprint identification array is
disposed at a side of the film encapsulating layer facing
away from the array substrate; wherein the organic light
emitting layer comprises a display region and a non-display
region; and wherein a projection of the fingerprint identifi-
cation array in the direction perpendicular to the display
apparatus is in the non-display region of the organic light
emitting layer.

16. The display apparatus according to claim 10, wherein
the fingerprint identification array comprises a plurality of
fingerprint identification units, and wherein the plurality of
fingerprint identification units and the plurality of organic
light emitting configurations are correspondingly arranged
respectively.

17. The display apparatus according to claim 1, wherein
the display apparatus is an organic light emitting display
apparatus.

18. An electronic device comprising a display apparatus,
wherein the display apparatus comprises:

a display panel and a cover plate disposed on the display
panel, wherein the display panel comprises an array
substrate, an organic light emitting layer disposed at
one side of the array substrate facing the cover plate,
and a fingerprint identification array; the organic light
emitting layer comprises a plurality of organic light
emitting configurations, wherein light emerges from a
first surface of the cover plate facing away from the
array substrate;

wherein in a fingerprint identification phase, the plurality
of organic light emitting configurations are arranged to
emit light according to a first light emitting lattice,
wherein the first emitting lattice comprises a plurality
of organic light emitting configurations being illumi-
nated, and the first emitting lattice shifts for each frame
to be displayed; a distance between any two adjacent
organic light emitting configurations in the first light
emitting lattice is greater than or equal to a minimum
crosstalk-free distance, wherein the minimum cross-
talk-free distance is a maximum radius of a covering
region formed on the fingerprint identification array by
the light emitted from any organic light emitting con-
figuration and reflected through the first surface of the
cover plate;

wherein the organic light emitting layer successively
comprises a first electrode, a light emitting functional
layer and a second electrode in a direction in which the
organic light emitting configurations are away from the
array substrate; wherein

L=tan 0*H1+tan 0*H2,

wherein L is the minimum crosstalk-free distance; 6 is an
included angle between a direction corresponding to a
preset brightness of the organic light emitting configu-
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rations and a direction perpendicular to the organic
light emitting layer; H1 is a height from the first surface
of the cover plate to the light emitting functional layer
in the direction perpendicular to the display apparatus;
H2 is a height from the first surface of the cover plate
to the fingerprint identification array in the direction
vertical to the display apparatus; and

wherein the preset brightness is less than or equal to 10%

of a brightness in the direction perpendicular to the
organic light emitting layer.

19. A fingerprint identification method of a display appa-
ratus, wherein the display apparatus comprises: a display
panel and a cover plate disposed on the display panel,
wherein the display panel comprises an array substrate, an
organic light emitting layer disposed at a side of the array
substrate facing the cover plate, and a fingerprint identifi-
cation array; wherein the organic light emitting layer com-
prises a plurality of organic light emitting configurations;
light emerges from a first surface of the cover plate facing
away from the array substrate; wherein the organic light
emitting layer successively comprises a first electrode, a
light emitting functional layer and a second electrode in a
direction in which the organic light emitting configurations
are away from the array substrate; wherein

L=tan O*H1+tan 0*H2,

wherein L is a minimum crosstalk-free distance; 0 is an
included angle between a direction corresponding to a
preset brightness of the organic light emitting configu-
rations and a direction perpendicular to the organic
light emitting layer; H1 is a height from the first surface
of the cover plate to the light emitting functional layer
in the direction perpendicular to the display apparatus;
H2 is a height from the first surface of the cover plate
to the fingerprint identification array in the direction
vertical to the display apparatus, wherein the preset
brightness is less than or equal to 10% of a brightness
in the direction perpendicular to the organic light
emitting layer,

wherein the fingerprint identification method comprises:

in a fingerprint identification phase, controlling each of
the organic light emitting configurations in the organic
light emitting layer to emit light according to a first
light emitting lattice, the first emitting lattice comprises
a plurality of organic light emitting configurations
being illuminated, and the first emitting lattice shifts for
each frame to be displayed, wherein a distance between
any two adjacent organic light emitting configurations
in the first light emitting lattice is greater than or equal
to the minimum crosstalk-free distance, the minimum
crosstalk-free distance is a maximum radius of a cov-
ering region formed on the fingerprint identification
array by the light emitted from any organic light
emitting configuration and then reflected through the
first surface of the cover plate; and

performing, by the fingerprint identification array, finger-
print identification according to the light rays on each
of the fingerprint identification units reflected through
a touch body on the first surface of the cover plate.
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