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(54) DISPLAY DEVICE AND ELECTRONIC DEVICE

(57) A display device is disclosed. The display device
includes a first substrate, a photosensitive layer, a liquid
crystal layer, a second substrate, and a collimation layer
that are stacked successively. The photosensitive layer
comprises a plurality of photosensitive units. The second
substrate comprises a plurality of display units and a shut-
ter layer having a plurality of first holes, any adjacent two
of the display units are spaced by the shutter layer, and
one of the first holes is located between any adjacent two

different ones of the display units. The collimation layer
comprises a plurality of collimators, each of the plurality
of collimators defines a second hole communicated with
a corresponding one of the first holes and facing a cor-
responding one of the photosensitive units, and a light
signal passes through the second hole and the corre-
sponding one of the first holes and reaches the corre-
sponding one photosensitive unit.
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Description

TECHNICAL FIELD

[0001] The present disclosure generally relates to the
technical field of display, and in particular to a display
device and an electronic device.

BACKGROUND

[0002] In related technologies, the mobile phone has
been equipped with a fingerprint identification module
and a display module. The fingerprint identification mod-
ule can be used for identifying the user’s identity, and the
display module can be used for displaying images. Cur-
rently, there is a way that the fingerprint identification
module is stacked below the display module. The user
contacts a corresponding position of the display module
on the fingerprint module such that a fingerprint is formed.
However, in the display area of the display module, only
a small part can be touched by users for fingerprint iden-
tification.

SUMMARY OF THE DISCLOSURE

[0003] Embodiments of the present disclosure pro-
vides a display device, an electronic device, and a meth-
od for obtaining an image.
[0004] According to one aspect of the present disclo-
sure, a display device according to embodiments of the
present disclosure includes a first substrate, a photosen-
sitive layer, a liquid crystal layer, a second substrate, and
a collimation layer that are stacked successively; wherein
the photosensitive layer comprises a plurality of photo-
sensitive units; wherein the second substrate comprises
a plurality of display units and a shutter layer having a
plurality of first holes, any adjacent two of the plurality of
display units are spaced by the shutter layer, and one of
the first holes is located between any adjacent two dif-
ferent ones of the plurality of display units; and wherein
the collimation layer comprises a plurality of collimators,
each of the plurality of collimators defines a second hole
the second hole is communicated with a corresponding
one of the first holes and faces a corresponding one of
the photosensitive units, and a light signal passes
through the second hole and the corresponding one of
the first holes and reaches the corresponding one pho-
tosensitive unit.
[0005] According to another aspect of the present dis-
closure, an electronic device according to embodiments
of the present disclosure includes a housing and a display
device of the above aspect installed in the housing.
[0006] Additional aspects and advantages of the
present disclosure will be set forth in part in the following
description. The part may become apparent from the de-
scription in the following, or be learnt about from the prac-
tice of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The above and/or additional aspects and ad-
vantages of the present disclosure will become apparent
and readily understood from the following description in
accordance with drawings.

FIG. 1 is a structural view of an electronic device
according to some embodiments of the present dis-
closure;
FIG. 2 is a cross-sectional view of a display device
according to some embodiments of the present dis-
closure;
FIG. 3 is a principle diagram of a display device for
fingerprint identification according to some embodi-
ments of the present disclosure;
FIG. 4 is a stereoscopic view of a display device ac-
cording to some embodiments of the present disclo-
sure;
FIG. 5 is a structural view of a photosensitive layer
and an imaging chip according to some embodi-
ments of the present disclosure;
FIG. 6 is a structural view of a photosensitive layer
and a display-driving layer according to some em-
bodiments of the present disclosure;
FIG. 7 is a plane view of a second substrate accord-
ing to some embodiments of the present disclosure;
FIG. 8 is a flow chart of a method for obtaining an
image according to another embodiment of the
present disclosure;
FIG. 9 is a side view of a display device according
to some embodiments of the present disclosure;
FIG. 10 is a flow chart of a method for obtaining an
image according to another embodiment of the
present disclosure;
FIG. 11 is a side view of a display device according
to some embodiments of the present disclosure; and
FIG. 12 and FIG. 13 are flow charts of a method for
obtaining an image according to another embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

[0008] The embodiments of the present disclosure will
be described in detail below. Examples of the embodi-
ments may be illustrated in the drawings. Same or similar
reference numerals may be used to indicate same or
similar elements or elements having same or similar func-
tions.
[0009] Further, the embodiments described below with
reference to the drawings are illustrative and intended to
describe the present disclosure, and are not intended to
be construed as limiting of the present disclosure.
[0010] In the present disclosure, unless otherwise
specification and limitation, a first feature being "above"
or "below" a second feature may mean that the first fea-
ture is in direct contact with the second feature, or the
first feature is in indirect contact with the second feature
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through an intermediate media. Moreover, the first fea-
ture being "on", "above", and "up" the second feature
may mean that the first feature is directly or obliquely
above the second feature, or only mean that the first fea-
ture has a horizontal height higher than that of the second
feature. The first feature being "under" "below", "below"
and "down" the second feature may mean that the first
feature is directly below or obliquely below the second
feature, or only indicate that the horizontal height of the
first feature is less than that of the second feature.
[0011] A display device is provided, including a first
substrate, a photosensitive layer, a liquid crystal layer, a
second substrate, and a collimation layer that are stacked
successively. Wherein the photosensitive layer includes
a plurality of photosensitive units; wherein the second
substrate includes a plurality of display units and a shutter
layer having a plurality of first holes, any adjacent two of
the plurality of display units are spaced by the shutter
layer, and each of the first holes is located between any
adjacent two different ones of the plurality of display units;
and wherein the collimation layer includes a plurality of
collimators, each of the plurality of collimators defines a
second hole communicated with a corresponding one of
the first holes and facing a corresponding one of the pho-
tosensitive units, and a light signal passes through the
second hole and the corresponding one of the first holes
and reaches the corresponding one photosensitive unit.
[0012] In some embodiments, the display device has
a display surface including a display area, and projec-
tions of the plurality of photosensitive units on the display
surface are located in the display area.
[0013] In some embodiments, the display device has
a display surface, each collimator is made from light-ab-
sorbing material, and an extension direction of the sec-
ond hole is perpendicular to the display surface.
[0014] In some embodiments, a ratio of a section width
of the second hole to a depth of the second hole is less
than 0.2.
[0015] In some embodiments, the shutter layer is lo-
cated between the collimation layer and the plurality of
photosensitive units, and projections of the plurality of
collimators on the second substrate are located on the
shutter layer.
[0016] In some embodiments, reflective-material is ar-
ranged on a side of each of the plurality of photosensitive
units facing the first substrate.
[0017] In some embodiments, the plurality of photo-
sensitive units are arranged in an array, and the plurality
of photosensitive units include one or more of a plurality
of stray light photosensitive units, a plurality of noise pho-
tosensitive units, and a plurality of infrared photosensitive
units.
[0018] In some embodiments, the plurality of stray light
photosensitive units are distributed in two columns of the
array, and one of the two columns is adjacent to one of
two opposite edges of the array and the other of the two
columns is adjacent to the other of the two opposite edges
of the array.

[0019] In some embodiments, the display device fur-
ther includes a cover plate including a display surface
and a back surface that are opposite to each other, an
ink layer is arranged on the back surface, projections of
the stray light photosensitive units on the back surface
are located in an area where the ink layer is located, and
the ink layer is configured for blocking an external light
signal penetrating into the cover plate.
[0020] In some embodiments, the ink layer is arranged
near an edge of the back surface.
[0021] In some embodiments, the plurality of noise
photosensitive units are distributed in two second col-
umns of the array, and one of the two second columns
of the array is near one of two opposite edges of the array
and the other of the two second columns of the array is
near to the other of the two opposite edges of the array.
[0022] In some embodiments, the display device fur-
ther includes a blocker, the block is arranged on a colli-
mator facing a corresponding one of the noise photosen-
sitive units and is configured for blocking the second hole
of the collimator.
[0023] In some embodiments, the photosensitive layer
further includes a plurality of circuit units including a plu-
rality of photosensitive circuit units and one or more noise
circuit unit, and each of the plurality of the photosensitive
units is connected with one photosensitive circuit unit,
each noise circuit unit is unconnected with any one of
the plurality of the photosensitive units.
[0024] In some embodiments, the plurality of circuit
units are arranged in an array including a plurality of rows
and a plurality of columns, and the one or more noise
circuit unit is arranged in at least one whole row and one
whole column of the array.
[0025] In some embodiments, the plurality of infrared
photosensitive units are evenly distributed in the array.
[0026] In some embodiments, a plurality of display-
driving units are arranged on the first substrate and in a
first array including a plurality of rows and a plurality of
columns;
the plurality of photosensitive units are arranged in a sec-
ond array including a plurality of rows and a plurality of
columns;
each row of the first array is located between any adjacent
two rows of the second array, and each column of the
first array is located between any adjacent two columns
of the second array; and
the display-driving units have an effective operation time
alternated with that of the photosensitive units in a same
row or column.
[0027] An electronic device is further provided, includ-
ing a housing and a display device installed in the housing
and including a first substrate, a photosensitive layer, a
liquid crystal layer, a second substrate, and a collimation
layer that are stacked successively; wherein the photo-
sensitive layer includes a plurality of photosensitive units;
wherein the second substrate includes a plurality of dis-
play units and a shutter layer having a plurality of first
holes, any adjacent two of the plurality of display units
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are spaced by the shutter layer, and each of the first holes
is located between any adjacent two different ones of the
plurality of display units; and wherein the collimation layer
includes a plurality of collimators, each of the plurality of
collimators defines a second hole communicated with a
corresponding one of the first holes and facing a corre-
sponding one of the photosensitive units, and a light sig-
nal passes through the second hole and the correspond-
ing one of the first holes and reaches the corresponding
one photosensitive unit.
[0028] In some embodiments, the plurality of photo-
sensitive units are arranged in an array and include one
or more of a plurality of stray light photosensitive units,
a plurality of noise photosensitive units, and a plurality
of infrared photosensitive units.
[0029] An electronic device is further provided, includ-
ing a display assembly including a first substrate, a pho-
tosensitive layer, a liquid crystal layer, a second sub-
strate, and a collimation layer that are stacked succes-
sively; wherein the photosensitive layer includes a set of
photosensitive units including at least one photosensitive
unit; wherein the second substrate includes a plurality of
display units and a shutter layer having a plurality of first
holes, any adjacent two of the plurality of display units
are spaced by one of the first holes; and wherein the
collimation layer includes a plurality of collimators, each
of the plurality of collimators defines a second hole com-
municated with a corresponding one of the first holes and
facing a corresponding one of the at least one photosen-
sitive unit, and a light signal passes through the second
hole and the corresponding one of the first holes and
reaches the corresponding one photosensitive unit.
[0030] In some embodiments, the set of photosensitive
units is arranged in an array include one or more of a
plurality of stray light photosensitive units, a plurality of
noise photosensitive units, and a plurality of infrared pho-
tosensitive units.
[0031] As shown in FIG. 1, the electronic device 1000
according to some embodiments of the present disclo-
sure includes a housing 200 and a display device 100.
The display device 100 is mounted on the housing 200.
Specifically, the electronic device 1000 can be a mobile
phone, a tablet computer, a display, a notebook compu-
ter, a teller machine, a gate machine, a smart watch, a
head display device, a game machine and other devices.
The present disclosure is described as taking the elec-
tronic device 1000 being a mobile phone as an example.
It can be understood that the specific form of the elec-
tronic device 1000 is not limited to the mobile phone.
[0032] The housing 200 can be used for mounting the
display device 100. In other words, the housing 200 can
be used as an installation carrier for the display device
100. The housing 200 can also be used for mounting
functional modules such as a power supply device, an
imaging device, and a communication device of the elec-
tronic equipment 1000, and thus the housing 200 pro-
vides protection against falling, water and the like for the
functional modules.

[0033] The display device 100 can be used for display-
ing images, videos, texts, etc. The display device 100 is
installed on the housing 200. Specifically, the display de-
vice 100 can be mounted on the front of the housing 200,
the display device 100 can be installed on the back of
the housing 200, the display device 100 can be installed
on the front and back of the housing 200 at the same
time, or the display device 100 can be installed on a side
of the housing 200, which are not limited herein. In an
example shown in FIG. 1, the display device 100 is
mounted on the front of the housing 200.
[0034] As shown in FIGS. 2-4, the display device 100
includes a first substrate 30, a photosensitive layer 40,
a liquid crystal layer 50, a second substrate 60, and a
collimation layer 70, which are stacked successively. The
photosensitive layer 40 includes a plurality of photosen-
sitive units 41. The second substrate 60 includes a plu-
rality of display units 61 and a shutter layer 62. The shutter
layer 62 defines light-passing holes 621, and any adja-
cent two of the plurality of display units are spaced by
the shutter layer 62, and each of the first holes is located
between any adjacent two different ones of the plurality
of display units 61. The collimation layer 70 include a
plurality of collimators 71 each of which defines a light-
through hole 711. The light-through hole 711 is commu-
nicated with a corresponding one of the light-passing
holes 621 and faces a corresponding one of the photo-
sensitive units 41. A light signal passes through the light-
through hole 711 and the corresponding one of the light-
passing holes 621 and reaches the corresponding one
photosensitive unit 41.
[0035] In the electronic device 1000 according to some
embodiments of the present disclosure, the photosensi-
tive units 41 can receive the light signals from the outside
and passing through the light-through holes 711 and the
light-passing holes 621. According to the light signals,
an image of an object touching on the display device 100
can be obtained. The image can be used for fingerprint
identification. At the same time, a ratio of an area of mul-
tiple photosensitive units 41 to an area of a display sur-
face 91 of the display device 100 becomes large as the
multiple photosensitive units 41 are distributed according
to demands. Thus, fingerprint identification can be per-
formed on a large region for users, and then the user
experience is good.
[0036] Specifically, the display device 100 may display
light signals sent from a light-emitting element therein.
The display device 100 may also display light signals
sent from an external light source. The display device
100 may be un-bendable, and the display device 100
may also be bendable, which is not limited herein.
[0037] In some embodiments of the present disclo-
sure, as shown in FIGS. 2 - 4, the display device 100
includes a backlight layer 10, a first polarization layer 20,
a first substrate 30, a photosensitive layer 40, a liquid
crystal layer 50, a second substrate 60, a collimation layer
70, a second polarization layer 80, and a cover plate 90,
which are successively arranged along a direction of
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lights emitted from the display device 100.
[0038] As shown in FIG. 2 and FIG. 3, the backlight
layer 10 can be used for emitting a light signal La, or the
backlight layer 10 can be used for guiding a light source
(which is not shown in the figures) to emit the light signal
La. The light signal La successively passes through the
first polarization layer 20, the first substrate 30, the pho-
tosensitive layer 40, the liquid crystal layer 50, the second
substrate 60, the collimation layer 70, the second polar-
ization layer 80, and the cover plate 90, and then enters
outside. The backlight layer 10 includes a bottom surface
11. In specific, the bottom surface 11 of the backlight
layer 10 is opposite to the first polarization layer 20.
[0039] The first polarization layer 20 is arranged on the
backlight layer 10. Specifically, the first polarization layer
20 can be a polarizer or a polarizing film. The first sub-
strate 30 is arranged on the first polarization layer 20.
The first substrate 30 can be a glass substrate.
[0040] The photosensitive layer 40 may be a film layer
made on the first substrate 30, for example, by a TFT
(thin film Transistor) process. As shown in FIGS. 4 - 6,
the photosensitive layer 40 includes a plurality of photo-
sensitive units 41 and a plurality of circuit units 42.
[0041] A photosensitive unit 41 can convert a received
light signal into an electrical signal through the photoe-
lectric effect. The intensity of the electrical signal gener-
ated by the photosensitive unit 41 indicates the intensity
of the light signal received by the photosensitive unit 41.
In one example, the photosensitive unit 41 may only re-
ceive a visible light signal to convert it into an electrical
signal. In another example, the photosensitive unit 41
may only receive an invisible light signal to convert it into
an electrical signal. In yet another example, the photo-
sensitive unit 41 may receive both a visible light signal
and an invisible light to convert them into an electrical
signal. The plurality of photosensitive units 41 may have
a same type, and the plurality of photosensitive units 41
may also have totally-different types from each other.
The plurality of photosensitive units 41 can be arranged
in any way, and the arrangement of the photosensitive
units 41 can be specifically set according to a shape of
the display device 100 and other requirements. In em-
bodiments of the present disclosure, the plurality of pho-
tosensitive units 41 are arranged in an array. For exam-
ple, the plurality of photosensitive units 41 are arranged
in an array with multiple rows and multiple columns. Each
photosensitive unit 41 can operate independently without
being affected by other photosensitive units 41. Light sig-
nals received by the photosensitive units 41 at different
positions may have different intensities, and thus electri-
cal signals generated by the photosensitive units 41 at
different positions may also have different intensities.
Further, reflection material may be set at a side of the
photosensitive units 41 toward the bottom surface 11.
Light signals, which are irradiated from the backlight layer
10 to the photosensitive units 41, may be reflected by
the reflective-material, so as to avoid the influence of
these light signals on the accuracy of imaging by the pho-

tosensitive layer 40.
[0042] A circuit unit 42 may be connected to a photo-
sensitive unit 41. The circuit unit 42 may transmit the
electrical signals generated by the photosensitive unit 41
to an imaging chip 300 of the electronic device 1000. The
circuit unit 42 may specifically include components such
as a transistor. As the number of circuit units 42 may be
multiple, each photosensitive unit 41 may be connected
to one circuit unit 42. The multiple circuit units 42 may
be connected to an imaging chip 300 through connection
wires. The arrangement of the plurality of circuit units 42
may be similar to that of the photosensitive units 41. For
example, the plurality of photosensitive units 41 may be
arranged into an array with multiple rows and multiple
columns, and the plurality of circuit units 42 may also be
arranged into an array with multiple rows and multiple
columns.
[0043] As shown in FIGS. 2 - 4, the liquid crystal layer
50 is arranged on the photosensitive layer 40. The de-
flection direction of Liquid crystal molecules in the liquid
crystal layer 50 can be changed under the electric field,
so as to change an amount of light signals that can pass
through the liquid crystal layer 50. Accordingly, combined
with FIG. 6, a display-driving layer 1a can also be fabri-
cated on the first substrate 30, and under the driving ef-
fect of a driving chip (not shown in the figures), the dis-
play-driving layer 1a can apply an electrical field to the
liquid crystal layer 50 to control the deflection direction
of the liquid crystal molecules at different positions. Spe-
cifically, the display-driving layer 1a includes a plurality
of display-driving units 1a1, and each display-driving unit
1a1 can independently control the deflection direction of
the liquid crystal molecules at a corresponding position.
[0044] As shown in FIG. 2, FIG. 4, and FIG. 7, the sec-
ond substrate 60 is arranged on the liquid crystal layer
50. The second substrate 60 may include a glass sub-
strate and a plurality of display units 61 and a shutter
layer 62 arranged on the glass substrate. The display
units 61 may be a color filter, for example, R represents
a red filter, G represents a green filter, and B represents
a blue filter. The amount of light signals passing through
filters for different colors is controlled to control the color
finally displayed on the display device 100. The arrange-
ment of the plurality of display units 61 may correspond
to the arrangement of the plurality of display-driving units
1a1. For example, one display unit 61 is aligned with one
display-driving unit 1a1.
[0045] Any two adjacent display units 61 are separated
by the shutter layer 62. In one example, the shutter layer
62 may be a black matrix (BM). The shutter layer 62 can
prevent light from passing through, so as to avoid the
lights in the display device 100 from entering outside with-
out passing through the display units 61. The shutter layer
62 can also prevent the phenomenon of optical crosstalk
when the light signals passes through the adjacent dis-
play unit 61.
[0046] As shown in FIG. 3, the shutter layer 62 defines
multiple light-passing holes 621. The light-passing holes
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621 can be used for light signals to pass through. A light-
passing hole 621 is aligned with a photosensitive unit 41,
which means the center line of the light-passing hole 621
passes through the photosensitive unit 41. During a light
signal passing through the light-passing hole 621, if the
light signal reaches an inner wall of the light-passing hole
621, the light signal will be partially or completely ab-
sorbed by the inner wall of the light-passing hole 621.
Thus, the propagation direction of the light signal that
can pass through the light-passing hole 621 is almost
coincided with an extension direction of the center line
of the light-passing hole 621. The light-passing holes 621
are distributed in a manner same with that in which the
photosensitive units 41 are distributed, so that each pho-
tosensitive unit 41 is aligned with one light-passing hole
621.
[0047] As shown in FIGS. 2 - 4, the collimation layer
70 is arranged on the second substrate 60. The collima-
tion layer 70 includes a plurality of collimators 71. Each
collimator 71 defines a light-through hole 711 which is
aligned with a corresponding photosensitive unit 41. That
is, the light-through hole 711 faces the photosensitive
unit 41. Specifically, the light-through hole 711 can also
be aligned with a light-passing hole 621. That is, the cent-
er line of the light-through hole 711 can coincide with the
center line of the light-passing hole 621. A light signal
can pass through the light-through hole 711 and then the
light-passing hole 621 to reach the photosensitive unit
41. The material of the collimators 71 may be same as
that of the shutter layer 62. For example, both the colli-
mators 71 and the shutter layer 62 are made from the
light-absorbing material. When reaching a body of a col-
limator 71, a light signal will be partially or completely
absorbed. For example, when the light signal reaches a
side wall of the collimator 71 or an inner wall of the light-
through hole 711, the light signal will be absorbed by the
collimator 71, and thus light signals whose propagation
direction is coincided with the extension direction of the
center line of the light-through hole 711 passes through
the light-through hole 711 and reaches the photosensi-
tive unit 41. Thus, collimation of light signals is realized,
and there are less interference light signals received by
the photosensitive unit 41. The orthographic projection
of the plurality of collimator 71 on the second substrate
60 may be located in the shutter layer 62, which makes
the collimator 71 not block the display unit 61 and ensures
that the display device 100 has a better display effect.
[0048] The light-through hole 711 extends in a direction
perpendicular to the display surface 91, so that only light
signals whose propagation direction is perpendicular to
the display surface 91 pass through the light-through hole
711. In other words, only light signals which are propa-
gated vertically downward from the display surface 91
can only pass through the light-through hole 711. A ratio
of a section width of the light-through hole 711 to a depth
of the light-through hole 711 is less than 0.2. The depth
of the light-through hole 711 may means a depth along
the center line of the light-through hole 711, and the sec-

tion width of the light-through hole 711 may indicates the
maximum of sizes of patterns cut by planes perpendicular
to the center line of the light-through hole 711. The ratio
may be 0.1, 0.111, 0.125, 0.19, 0.2, or other values, in
which the corresponding collimator 71 has good collima-
tion effect on light signals.
[0049] In one example, the collimation layer 70 further
includes a substrate 72, the substrate 72 may be sub-
stantially transparent, and the collimators 71 are formed
on the substrate 72. In another example, the collimation
layer 70 may only include the collimators 71, and the
collimators 71 are formed on the second substrate 60 by
coating, sputtering, or the like.
[0050] The second polarization layer 80 is arranged on
the collimation layer 70, and the second polarization layer
80 can be a polarizer or a polarizing film specifically.
[0051] As shown in FIG. 2 and FIG. 3, a cover plate 90
is arranged on the second polarization layer 80. The cov-
er plate 90 can be made from glass, sapphire, or other
materials. The cover plate 90 includes a display surface
91 and a back surface 92. Light signals sent from the
display device 100 enters outside after passing through
the display surface 91, and external lights enters the dis-
play device 100 after passing through the display surface
91. The back surface 92 can be bonded to the second
polarization layer 80. In some examples, the display de-
vice 100 may also not include the cover plate 90, and in
this case the display device 100 has the display surface
formed on the second polarization layer 80.
[0052] The display surface 91 includes a display area
911. The display area 911 refers to an area that can be
used for displaying images, and the display area 911 may
be a rectangle, a circle, a rounded rectangle, a rectangle
with "bangs", which is not limited herein. In addition, in
some examples, the display surface 91 can also include
a non-display area. The non-display area can be ar-
ranged along edges of the display area 911, and the non-
display area can be used for being connected with the
housing 200. A ratio of the display area 911 on the display
surface 91 can be any value such as 80%, 90%, 100%.
[0053] In embodiments of the present disclosure, pro-
jections of the plurality of photosensitive units 41 on the
display surface 91 are located in the display area 911.
Thus, the plurality of photosensitive units 41 can per-
forms imaging for an object touching the display area
911. For an example of a finger touching the display area
911, the plurality of photosensitive units 41 can performs
imaging for the fingerprint touching the display area 911
and be used for fingerprint identification.
[0054] As shown in FIG. 2 and FIG. 3, specific details
of the imaging of the display device 100 will be described
in the following. A light signal La emitted from the display
device 100 passes through the first polarization layer 20,
the first substrate 30, the photosensitive layer 40, the
liquid crystal layer 50, the second substrate 60, the col-
limation layer 70, the second polarization layer 80, and
the cover plate 90 successively and then enters outside,
and an external light signal also passes through the cover
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plate 90, the second polarization layer 80, the collimation
layer 70, the second substrate 60, and the liquid crystal
layer 50 and then reaches the photosensitive layer 40. If
the light signal just reaches the photosensitive units 41
in the photosensitive layer 40, the photosensitive units
41 generates an electrical signal indicating the intensity
of the light signal. Thus, the intensity of the electrical sig-
nals of the plurality of photosensitive units 41 can indi-
cates the intensity distribution of light signals entering
the display device 100.
[0055] In an example where a user’s finger 2000 touch-
es the display surface 91, the finger 2000 touches a pre-
determined area of the display surface 91 when the dis-
play device 100 is emitting a light signal La, and the light
signal La is reflected by the finger 2000 to obtain a light
signal L1. The light signal L1 then enters the display de-
vice 100, and then the light signal L1 passes through the
cover plate 90 and the second polarization layer 80 firstly.
As the light signal L1 is propagated in a direction same
with the extension direction of a light-through hole 711
and a light-passing hole 611, the light signal L1 further
passes through the light-through hole 711 and the light-
passing hole 621, and then the light signal L1 passes
through the liquid crystal layer 50 and reaches a photo-
sensitive unit 41 after passing through light-through hole
711 and the light-passing hole 621. For light signals which
are propagated in a direction different with the extension
direction of a light-through hole 711 and a light-passing
hole 611, the light signals fails to pass through the light-
through hole 711 and the light-passing hole 621 after
passing through the cover plate 90 and the second po-
larization layer 80, and then fails to a photosensitive unit
41 aligned with the light-through hole 711 and the light-
passing hole 621.
[0056] It can be understood that there are peaks and
troughs in a fingerprint. When the finger 2000 touches
the display surface 91, the peaks directly contact with
the display surface 91, and there is a gap between the
troughs and the display surface 91. After the light signal
La reaches the peaks and the troughs, a light signal re-
flected by the peaks (referred to as a first light signal
hereinafter) has an intensity different from that of a light
signal reflected by the troughs (referred to as a second
light signal hereinafter). Thus, there is a difference be-
tween intensities of an electrical signal generated by the
received first light signal (referred to as a first electrical
signal hereinafter) and an electrical signal generated by
the received second light signal (referred to as a second
electrical signal hereinafter). The imaging chip 300 ob-
tains an image of the fingerprint according to the distri-
bution of the first electrical signals and the second elec-
trical signals. The image of the fingerprint may further
used for fingerprint recognition.
[0057] It can be understood that a user touches an area
above any area with a photosensitive unit 41, and then
a purpose that a fingerprint can be imaged and identified
may be achieved. When a photosensitive unit 41 is ar-
ranged under any of the display area 911, the user touch-

es any position of the display area 911 and then a purpose
that a fingerprint can be imaged and identified may be
achieved, without limiting some specific positions of the
display area 911. Meanwhile, the user may also touch
multiple positions of the display area 911 at same time
through multiple fingers, or multiple users touch multiple
positions of the display area 911 simultaneously, thus, a
purpose that multiple fingerprints can be imaged and
identified may be achieved. Therefore, this can enrich
verification methods and applicable scenarios of the elec-
tronic device 1000. For example, only after the multiple
fingerprints pass verification at the same time, authori-
zation is given and the multiple users can play games on
the same electronic device 1000.
[0058] Of course, similar to the finger of the user touch-
ing the display area 911, any object (e.g. the user’s arm,
forehead, clothing, flowers and plants, etc.) that can re-
flect the light signal La touches the display area 911 and
then an imaging process is performed for a texture of the
surface of the object. The subsequent processes after
the imaging process can be set according to the user’s
requirements, which are not limited herein.
[0059] As shown in FIG. 8, a method for obtaining an
image is also disclosed according to some embodiments
of the present disclosure. The method can be applied for
the above-mentioned display device 100. The method
includes actions/operations in the following blocks.
[0060] At 01, the method receives an imaging light sig-
nal which includes a target light signal.
[0061] At 02, the method obtains an image according
to the imaging light signal.
[0062] The block 01 is performed by the photosensitive
layer 40, and the block 02 is performed by the imaging
chip 300. The imaging light signal refers to all light signals
received by the photosensitive units 41, and the target
light signal means light signals that reaches the photo-
sensitive units 41 after passing through the light-through
holes 711 and the light-passing holes 621. The specific
implementation details for the blocks 01 and 02 can refer
to the above description of the display device 100, and
will not be described herein.
[0063] Therefore, in the electronic device 1000 and the
method according to embodiments of the present disclo-
sure, the photosensitive units 41 can receive the light
signals from outside and passing through the light-
through holes 711 and the light-passing holes 621. Ac-
cording to the light signals, an image of an object touching
the display device 100 can be obtained. The image can
be used for fingerprint identification. At the same time, a
ratio of an area of multiple photosensitive units 41 to an
area of a display surface 91 of the display device 100
becomes large as the multiple photosensitive units 41
are distributed according to demands. Thus, fingerprint
identification can be performed on a large region for us-
ers, and then the user experience is good.
[0064] As shown in FIG. 5 and FIG. 9, in some embod-
iments, the photosensitive units 41 includes a plurality of
stray light photosensitive units 411. An ink layer 93 is

11 12 



EP 3 757 671 A1

8

5

10

15

20

25

30

35

40

45

50

55

arranged on the back surface 92 of the cover plate 90,
and an area where the stray light sensing units 411 is
located corresponds to the ink layer 93. That is, the area
where the stray light sensing units 411 is located faces
the ink layer 93. The ink layer 93 may be used for blocking
a light signal Lb penetrating into the cover plate 90 from
outside.
[0065] In practical application, a part of light signals
emitted from the backlight layer 10 penetrates directly
from the display surface 91, another part of the light sig-
nals is reflected once or more times between the display
surface 91 and the backlight layer 10, and yet another
part of the light signals may reach the photosensitive units
41 and cause interference to the imaging of the display
device 100. That is, the imaging light signal for imaging
further includes an interference light signal L2, which is
reflected by the display device 100 and reaches the pho-
tosensitive units 41 on the photosensitive layer 40.
[0066] The ink layer 93 is arranged at a position cor-
responding to the stray light photosensitive units 411 on
the back surface 92. Most of lights in the display device
100 are absorbed by the ink layer 93 after reaching the
ink layer 93, and a small part (for example, 4%) is reflect-
ed by the ink layer 93. The ink layer 93 may simulate the
reflection effect of the cover plate 90 on the light signal
inside the display device 100. In addition, the stray light
photosensitive units 411 may receive the light signal L2
reaching the stray light sensitive units 411 from sides of
the stray light photosensitive units 411. Generally speak-
ing, the stray light photosensitive units 411 can receive
the same interference light signal L2 as well as other
photosensitive units 41. Meanwhile, the ink layer 93 can
block (reflect or absorb) the light signal Lb penetrating
into the cover plate 90 from outside, so that the stray light
photosensitive unit 411 can only receive the interference
light signal L2, and other photosensitive units 41 can si-
multaneously receive the interference light signal L2 and
the light signal Lb penetrating into the cover plate 90 from
outside.
[0067] The type and performance of the stray light pho-
tosensitive units 411 are the same as those of the other
photosensitive units 41. The stray light photosensitive
units 411 transmits the interference electrical signal gen-
erated by the interference light signal L2 to the imaging
chip 300, and the imaging chip 300 performs image-cal-
ibration according to the interference electrical signal dur-
ing imaging, for example, subtracting the interference
electrical signal from the imaging electrical signal gener-
ated by the imaging light signal as a final electrical signal
for imaging, in order to obtain a more accurate image
and improve the accuracy of image identification.
[0068] In one example, the stray light sensitive units
411 and the other photosensitive units 41 are CCD image
sensors. In this case, subtracting the interference elec-
trical signal from the imaging electrical signal may be
performed in the imaging chip 300. That is, both the in-
terference electrical signal and the imaging electrical sig-
nal are transmitted to the imaging chip 300, and the im-

aging chip 300 subtracts the interference electrical signal
from the imaging electrical signal. Subtracting the inter-
ference electrical signal from the imaging electrical signal
may also be performed in an analog-to-digital converter.
That is, both the interference electrical signal and the
imaging electrical signal are transmitted to the analog-
to-digital converter, and the analog-to-digital converter
subtracts the interference electrical signal from the im-
aging electrical signal and transmits an electrical signal
obtained after the subtracting. In another example, the
stray light sensitive units 411 and the other photosensi-
tive units 41 are CMOS image sensors. In this case, sub-
tracting the interference electrical signal from the imaging
electrical signal may be performed in the imaging chip
300. That is, both the interference electrical signal and
the imaging electrical signal are transmitted to the imag-
ing chip 300, and the imaging chip 300 subtracts the in-
terference electrical signal from the imaging electrical
signal. Subtracting the interference electrical signal from
the imaging electrical signal may also be performed in
the photosensitive units 41. At this case, each photosen-
sitive unit 41 includes a first storage area, a second stor-
age area, and a logic subtraction circuit. The generated
imaging electrical signal is stored in the first storage area
of the photosensitive unit 41, and the interference elec-
trical signal is sent from the stray light sensitive units 411
and stored in the second storage area of the photosen-
sitive unit 41. The interference electrical signal is sub-
tracted from the imaging electrical signal by the logic sub-
traction circuit, and the electrical signal obtained after the
subtracting is sent to the imaging chip 300. The above
description of the subtracting the interference electrical
signal from the imaging electrical signal are only illustra-
tive and not constructed as the limitation of the present
disclosure.
[0069] In one example, the ink layer 93 is arranged
near an edge of the back surface 92, and the stray light
photosensitive units 411 are arranged at a corresponding
edge of the photosensitive layer 40. For example, the
stray light photosensitive units 411 are arranged in an
area ’a’ as shown in FIG. 5, wherein the area ’a’ is located
on the leftmost column and the rightmost column of the
array of photosensitive units 41 as shown in FIG. 5. That
is, the area ’a’ includes the leftmost column and the right-
most column of the array of photosensitive units 41 that
are adjacent to two opposite edges (i.e. left edge and
right edge) of the array of the photosensitive units 41
respectively. Thus, the ink layer 93 is avoided to have
too much influence on the display effect of the display
device 100. Specifically, the photosensitive units 41 may
be arranged in a array with multiple rows and multiple
columns, and the stray light photosensitive units 411 may
be arranged at a position near an edge of the array, such
as one to three columns adjacent to the edge of the array
or one to three rows adjacent to the edge of the array,
so as to adapt to the position where the ink layer 93 is
located.
[0070] Further, as there are multiple stray light photo-
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sensitive units 411, there generate multiple interference
electrical signals accordingly which have different sizes,
in one example, the interference electrical signals are
averaged and then the averaged interference electrical
signal is subtracted from the imaging electrical signal dur-
ing performing the subtraction operation. In another ex-
ample, photosensitive units 41 and stray light photosen-
sitive units 411 are partitioned respectively, where each
region include at least one photosensitive unit 41, or in-
cludes at least one stray light photosensitive unit 411.
According to a location of each region including a pho-
tosensitive unit 41 (referred to as a first region hereinaf-
ter) and a location of each region including a stray light
photosensitive unit 411 (referred to as a second region
hereinafter), second regions that are closest to each first
region are determined. For each photosensitive unit 41
in each first region, an interference electrical signal gen-
erated by a stray light photosensitive unit 411 in a second
region that is closest to the first region is subtracted from
an imaging electrical signal generated by the photosen-
sitive unit 41, such that a final electrical signal of the pho-
tosensitive unit 41 for imaging is obtained. If the second
region includes multiple stray light photosensitive units
411, an average value of multiple interference electrical
signals generated by the multiple stray light photosensi-
tive units 411 in the second region are obtained, and then
the average value is subtracted from the imaging elec-
trical signal, such that a final electrical signal for imaging
is obtained. It can be appreciated that the closer a dis-
tance between a stray light photosensitive unit 411 and
a photosensitive unit 41 is, the closer amounts of inter-
ference light signals received by the stray light photosen-
sitive unit 411 and the photosensitive unit 41 are, and
the closer the generated interference electrical signals
are. Thus, more accurate the final electrical signal for
imaging after subtracting the interference electrical sig-
nal from the imaging electrical signal are.
[0071] As shown in FIG. 10, in some embodiments,
the method further includes obtaining an interference
light signal at 03. The actions/operations at 02 include
obtaining the image according to the imaging light signal
and the interference light signal at 021.
[0072] The block 03 is performed by the stray light pho-
tosensitive units 411, and the block 021 is performed by
the imaging chip 300. The specific implementation details
for the blocks 03 and 021 can refer to the above descrip-
tion, and will not be described herein.
[0073] As shown in FIG. 5 and FIG. 11, in some em-
bodiments, the photosensitive unit 41 includes a plurality
of noise photosensitive units 412, and the display device
100 further includes a plurality of blockers 73. A blocker
73 is arranged on a collimator 71 facing a corresponding
one of the noise photosensitive units 412. The blocker
73 is used for blocking a light-through hole 711 of the
collimator 71 facing the corresponding noise photosen-
sitive unit 412.
[0074] During using, the temperature of a photosensi-
tive unit 41 or the temperature of the environment chang-

es, and as the temperature changes, the performance of
the photosensitive unit 41 may change. This results in
inconsistent electrical signals generated when light sig-
nals with same intensity are received. Therefore, calibra-
tion is performed for interference resulted from the
changed temperatures during an imaging.
[0075] In this embodiment, the type and performance
of the noise photosensitive units 412 are the same as
those of the other photosensitive units 41. The blocker
73 blocks the light-through hole 711, so that the noise
photosensitive units 412 cannot receive a light signal.
The noise photosensitive units 412 generates an electri-
cal signal when being used, and as the noise photosen-
sitive units 412 cannot receive a light signal, the electrical
signal generated by the noise photosensitive units 412
indicates a noise electrical signal resulted from material
and the changed temperatures. Other photosensitive
units 41 generate a noise electrical signal simultaneously
and receive an imaging light signal to generate an imag-
ing electrical signal. The noise photosensitive units 412
transmit the noise electrical signal to the imaging chip
300. The imaging chip 300 performs image-calibration
for the noise electrical signal according to the noise elec-
trical signal during imaging, for example, subtracting the
noise electrical signal from the imaging electrical signal
generated from the imaging light signal as a final electri-
cal signal for imaging, in order to obtain a more accurate
image and improve the accuracy of image identification.
Similar to a case where the photosensitive units 41 in-
clude a plurality of stray light photosensitive units 411,
subtracting the noise electrical signal from the imaging
electrical signal may be performed in the imaging chip
300, and may also be performed in other components,
which is not described herein.
[0076] Specifically, the blocker 73 may also be made
from light-absorbing material. The blocker 73 can be filled
in the light-through hole 711, and the blocker 73 and the
corresponding collimator 71 can be made together. In
one example, blockers 73 may also be arranged on the
noise photosensitive units 412 directly, such that the
noise photosensitive units 412 cannot receive a light sig-
nal completely. The noise photosensitive units 412 may
be arranged at a region near an edge of an array of pho-
tosensitive units 41. The noise photosensitive unit 412
may be arranged at a region adjacent to the stray light
photosensitive units 411 such as one to three columns
in the array or one to three rows in the array, which is not
limited. The noise photosensitive units 412 are arranged
in an area ’b’ as shown in FIG. 5, and the area ’b’ is
located on the second column from the left and the sec-
ond column from the right of the array of photosensitive
units 41 as shown in FIG. 5. That is, the area ’b’ includes
the second column near the left edge of the array and
the second column near the right edge of the array.
[0077] Further, as there are multiple noise photosen-
sitive units 412, and there generate multiple noise elec-
trical signals accordingly which have different sizes, in
one example, the noise electrical signals are averaged
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and then the averaged noise electrical signal is subtract-
ed from the imaging electrical signal during performing
the subtraction operation. In another example, photosen-
sitive units 41 and noise photosensitive units 412 are
partitioned respectively, where each region include at
least one photosensitive unit 41, or includes at least one
noise photosensitive unit 412. Then, according to a lo-
cation of each region including a photosensitive unit 41
(referred to as a first region hereinafter) and a location
of each region including a noise photosensitive unit 412
(referred to as a third region hereinafter), third regions
that are closest to each first region are determined. For
each photosensitive unit 41 in each first region, a noise
electrical signal generated by a noise photosensitive unit
412 in a third region that is closest to the first region is
subtracted from an imaging electrical signal generated
by the photosensitive unit 41, such that a final electrical
signal of the photosensitive unit 41 for imaging is ob-
tained. If the third region includes multiple noise photo-
sensitive units 412, an average value of multiple noise
electrical signals generated by the multiple noise photo-
sensitive units 412 in the third region are obtained, and
then the average value is subtracted from the imaging
electrical signal, such that a final electrical signal for im-
aging is obtained. It can be appreciated that the closer a
distance between a noise photosensitive unit 412 and a
photosensitive unit 41 is, the closer temperatures of the
noise photosensitive unit 412 and the photosensitive unit
41 are, and the closer the generated noise electrical sig-
nals are. Thus, more accurate the final electrical signal
for imaging are after subtracting the noise electrical sig-
nal from the imaging electrical signal.
[0078] As shown in FIG. 5, in some embodiments, the
circuit units 42 include photosensitive circuit units 421
and one or more noise circuit unit 422. A photosensitive
circuit unit 421 is connected with a photosensitive unit
41, and the noise circuit unit 422 is not connected with a
photosensitive unit 41.
[0079] A photosensitive circuit itself has hardware
noise which can cause a circuit noise signal, and the
circuit noise signal affects the strength of the electrical
signal finally transmitted to the imaging chip 300. There-
fore, calibration is performed for interference resulted
from the circuit noise signal during imaging.
[0080] In this embodiment, the noise circuit unit 422 is
not connected with a photosensitive unit 41, and the cir-
cuit noise signals generated on the noise circuit unit 422
are resulted from hardware noise of the noise circuit unit
422 itself. The noise circuit unit 422 transmits the circuit
noise signal to the imaging chip 300. The imaging chip
300 performs image-calibration according to the circuit
noise signal during imaging, for example, subtracting the
circuit noise signal from the imaging electrical signal gen-
erated from the imaging light signal as a final electrical
signal for imaging, in order to obtain a more accurate
image and improve the accuracy of image identification.
[0081] Specifically, a plurality of circuit units 42 can be
arranged in an array with multiple rows and multiple col-

umns. Noise circuit units 422 are arranged in at least one
complete row and column, and the noise circuit unit 422
can be distributed in any row and column. A circuit noise
signal generated by the noise circuit units 422 is more
comprehensive, and calibration effect becomes better
when image-calibration is performed according to the cir-
cuit noise signal. Noise circuit units 422 may also be ar-
ranged at an edge of the array of the circuit units 42, or
near the stray light photosensitive units 411 and the noise
photosensitive units 412 mentioned above. A distribution
range of noise circuit units 422 covers one to five columns
completely and one to five rows completely, which is not
limited herein. In an example of FIG. 5, the noise circuit
units 422 are arranged in an area ’c’ of the photosensitive
layer 40, and the area ’c’ is located on the third column
from the left, the third column from the right, the upper
row, and the bottom row of the array of circuit units 42
as shown in FIG. 5. That is, the area ’c’ includes the third
column near the left edge of the array and the third column
near the right edge of the array.
[0082] Further, as there are multiple noise circuit units
412, and there generate multiple circuit noise signals ac-
cordingly which have different sizes, in one example, the
circuit noise signals are averaged and then the averaged
circuit noise signal is subtracted from the imaging elec-
trical signal during performing the subtraction operation.
In another example, photosensitive units 41 and noise
circuit units 422 are partitioned respectively, where each
region include at least one photosensitive unit 41, or in-
cludes at least one noise circuit unit 422. Then, according
to a location of each region including a photosensitive
unit 41 (referred to as a first region hereinafter) and a
location of each region including a noise circuit unit 422
(referred to as a fourth region hereinafter), fourth regions
that are closest to each first region are determined. For
each photosensitive unit 41 in each first region, a circuit
noise signal generated by a circuit noise unit 422 in a
fourth region that is closest to the first region is subtracted
from an imaging electrical signal generated by the pho-
tosensitive unit 41, such that a final electrical signal of
the photosensitive unit 41 for imaging is obtained. If the
fourth region includes multiple circuit noise units 422, an
average value of multiple circuit noise signals generated
by the multiple circuit noise units 422 in the fourth region
are obtained, and then the average value is subtracted
from the imaging electrical signal, such that a final elec-
trical signal for imaging is obtained.
[0083] As shown in FIG. 12, in some embodiments,
the method further includes obtaining a circuit noise sig-
nal at 04. The actions/operations at 02 include obtaining
the image according to the imaging light signal and the
circuit noise signal at 022.
[0084] The block 04 is performed by the circuit noise
units 422, and the block 022 is performed by the imaging
chip 300. The specific implementation details for the
blocks 04 and 022 can refer to the above description,
and will not be described herein.
[0085] As shown in FIG. 5, in some embodiments, the
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photosensitive units 41 include a plurality of infrared pho-
tosensitive units 413. The infrared photosensitive units
413 are used for detecting infrared lights.
[0086] As there may exist infrared lights in the external
environment, the infrared lights may penetrate into cer-
tain objects and enter the display device 100. The infrared
lights may penetrate into the user’s finger and then pass
through the display surface 91, the through light-passing
holes 711, and the light-passing holes 621, and then the
infrared lights are received by the photosensitive units.
However, the infrared lights are not associated with the
user’s fingerprint, and infrared electrical signal generated
from the infrared lights (i.e. infrared light signals) may
have interference on the imaging of the imaging chip 300.
Therefore, calibration is performed for the interference
resulted from the infrared light signals during imaging.
[0087] The infrared photosensitive units 413 only re-
ceives an infrared signal and generates an infrared elec-
trical signal according to the infrared signal. Other pho-
tosensitive units 41 simultaneously receives the infrared
signal and a visible light signal and generate an imaging
electrical signal based on the infrared signal and the vis-
ible light signal. The infrared electrical signal is further
transmitted to the imaging chip 300. The imaging chip
300 performs image-calibration according to the infrared
electrical signal during imaging, for example, subtracting
the infrared electrical signal from the imaging electrical
signal generated from the imaging light signal as a final
electrical signal for imaging, in order to obtain a more
accurate image and improve the accuracy of image iden-
tification. Similar to a case where the photosensitive units
41 include a plurality of stray light photosensitive units
411, subtracting the infrared electrical signal from the
imaging electrical signal may be performed in the imaging
chip 300, and may also be performed in other compo-
nents, which is not described herein.
[0088] Specifically, the infrared photosensitive units
413 may be spaced from each other. For example, the
infrared photosensitive units 413 are evently distributed
in array of photosensitive cell 41. A ratio of the infrared
photosensitive units 413 to the photosensitive units 41
may be a small value, such as 1%, 7%, 10%. Combined
with FIG. 3, a touched position may be sensed in the
display device 100 when the display surface 91 is
touched by a user, and the imaging chip 300 reads an
infrared electrical signal generated by one or more infra-
red photosensitive units 413 corresponding to the
touched position and performs image-calibration accord-
ing to the infrared electrical signal.
[0089] As shown in FIG. 13, in some embodiments,
the method further includes obtaining an infrared signal
at 05. The actions/operations at 02 include obtaining the
image according to the imaging light signal and the in-
frared signal at 023.
[0090] The block 05 is performed by the infrared pho-
tosensitive units 413, and the block 023 is performed by
the imaging chip 300. The specific implementation details
for the blocks 05 and 023 can refer to the above descrip-

tion, and will not be described herein.
[0091] Furthermore, in some embodiments, there are
no infrared photosensitive units 413 while an infrared cut-
off film may be arranged between the photosensitive lay-
er 40 and the display surface 91. For example, the infra-
red cut-off film is arranged between the second substrate
60 and the collimation layer 70. The infrared cut-off film
has a high transmittance for visible lights, which can
reach 90% or more, and a low transmittance for infrared
light signals, to prevent external infrared light signals from
reaching the photosensitive units 41.
[0092] Further, as there are multiple infrared photosen-
sitive units 413, there generate multiple infrared electrical
signals accordingly which have different sizes, in one ex-
ample, the infrared electrical signals are averaged and
then the averaged infrared electrical signal is subtracted
from the imaging electrical signal during performing the
subtraction operation. In another example, photosensi-
tive units 41 and infrared photosensitive units 413 are
partitioned respectively, where each region include at
least one photosensitive unit 41, or includes at least one
infrared photosensitive unit 413. Then, according to a
location of each region including a photosensitive unit 41
(referred to as a first region hereinafter) and a location
of each region including an infrared photosensitive unit
413 (referred to as a fifth region hereinafter), fifth regions
that are closest to each first region are determined. For
each photosensitive unit 41 in each first region, an infra-
red electrical signal generated by a infrared photosensi-
tive unit 413 in a fifth region that is closest to the first
region is subtracted from an imaging electrical signal
generated by the photosensitive unit 41, such that a final
electrical signal of the photosensitive unit 41 for imaging
is obtained. If the fifth region includes multiple infrared
photosensitive units 413, an average value of multiple
infrared electrical signals generated by the multiple in-
frared photosensitive units 413 in the fifth region are ob-
tained, and then the average value is subtracted from
the imaging electrical signal, such that a final electrical
signal for imaging is obtained. It can be appreciated that
the closer a distance between an infrared photosensitive
unit 413 and a photosensitive unit 41 is, the closer
amounts of infrared lights received by the infrared pho-
tosensitive unit 411 and the photosensitive unit 41 are,
and the closer the generated interference electrical sig-
nals are. Thus, more accurate the final electrical signal
for imaging after subtracting the infrared electrical signal
from the imaging electrical signal are.
[0093] As shown in FIG. 5, any one or more of the stray
light photosensitive units 411, the noise photosensitive
units 412, the noise circuit units 422, and the infrared
photosensitive units 413 may be disposed on the same
photosensitive layer 40 at the same time. For example,
the stray light photosensitive units 411 and the noise pho-
tosensitive units 412 are arranged at the same time. In
this case, the imaging chip 300 performs image-calibra-
tion according to an interference electrical signal and a
noise electrical signal during imaging, such as subtract-
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ing the interference electrical signal and the noise elec-
trical signal from an imaging electrical signal generated
by an imaging light signal to obtain a final electrical signal
for imaging. For another example, the stray light photo-
sensitive units 411 and the noise circuit units 422 are
arranged at the same time. In this case, the imaging chip
300 performs image-calibration according to an interfer-
ence electrical signal and a circuit noise signal during
imaging, such as subtracting the interference electrical
signal and the circuit noise signal from an imaging elec-
trical signal generated by an imaging light signal to obtain
a final electrical signal for imaging. For yet another ex-
ample, the noise circuit units 422 and the infrared pho-
tosensitive units 413 are arranged at the same time. In
this case, the imaging chip 300 performs image-calibra-
tion according to a circuit noise signal and an infrared
electrical signal during imaging, such as subtracting the
circuit noise signal and the infrared electrical signal from
an imaging electrical signal generated by an imaging light
signal to obtain a final electrical signal for imaging. For
yet another example, the noise photosensitive units 412,
the noise circuit units 422, and the infrared photosensitive
units 413 are arranged at the same time. In this case,
the imaging chip 300 performs image-calibration accord-
ing to a noise electrical signal, a circuit noise signal, and
an infrared electrical signal during imaging, such as sub-
tracting the noise electrical signal, the circuit noise signal,
and the infrared electrical signal from an imaging electri-
cal signal generated by an imaging light signal to obtain
a final electrical signal for imaging. For yet another ex-
ample, a stray light photosensitive unit 411, a noise pho-
tosensitive unit 412, and an infrared photosensitive unit
413 are arranged at the same time. In this case, the im-
aging chip 300 performs image-calibration according to
an interference electrical signal, a noise electrical signal,
a circuit noise signal, and an infrared electrical signal
during imaging, such as subtracting the interference elec-
trical signal, the noise electrical signal, the circuit noise
signal, and the infrared electrical signal from an imaging
electrical signal generated by an imaging light signal to
obtain a final electrical signal for imaging.
[0094] As shown in FIG. 6, in some embodiments, a
plurality of display-driving units 1a1 are arranged in an
array with multiple rows and multiple columns, and a plu-
rality of photosensitive units 41 are arranged in another
array with multiple rows and multiple columns, each row
of the first array is located between any adjacent two
rows of the second array, and each column of the first
array is located between any adjacent two columns of
the second array. The effective operating time of the dis-
play-driving units 1a1 is alternated with that of the pho-
tosensitive units 41 in a same row or column.
[0095] Specifically, during fabrication, the display-driv-
ing layer 1a is firstly manufactured on the first substrate
30, and then the photosensitive layer 40 is manufactured
on the display driving layer 1a. The display-driving units
1a1 are spaced from the photosensitive units 41. In the
array, there may be multiple photosensitive units 41 and

multiple display-driving units 1a1 located in a same row
or column at the same time, and the effective operating
time of the display-driving units 1a1 is alternated with that
of the photosensitive units 41 in a same row or column.
In an example of FIG. 6, display-driving units 1a1 in the
bottom row operate at same time, and photosensitive
units 41 in the bottom row operate simultaneously. The
operation time of the display-driving units 1a1 is inter-
sected with that of the photosensitive units 41, which can
reduce interference from the display-driving units 1a1
when the photosensitive units 41 operate and improve
the accuracy of imaging.
[0096] In some embodiments, the imaging chip 300
and the driving chip may be arranged in a same flexible
circuit board through Chip On Film (COF) technique, and
the flexible circuit board is bonded to pins of the display
driving layer 1a and pins of the photosensitive layer 40.
pins of the display driving layer 1a may be arranged in a
row, and pins of the photosensitive layer 40 may be ar-
ranged in another row. The flexible circuit board is bond-
ed to both rows of pins.
[0097] In the description of the present specification,
the description with references to the terms "one embod-
iment", "some embodiments", "example", "specific exam-
ple", or "some examples", and the like, means that a spe-
cific feature, structure, material, or characteristic de-
scribed in connection with the embodiment or example
is included in at least one embodiment or example of the
present disclosure. Thus, the illustrative descriptions of
the terms throughout this specification are not necessar-
ily referring to the same embodiment or example of the
present disclosure. Furthermore, the specific features,
structures, materials, or characteristics may be com-
bined in any suitable manner in one or more embodi-
ments or examples.
[0098] In addition, terms such as "first", "second", and
the like are used herein for purposes of description, and
are not intended to indicate or imply relative importance
or significance or to imply the number of indicated tech-
nical features. Thus, the feature defined with "first", "sec-
ond", and the like may include one or more of such a
feature. In the description of the present disclosure, "a
plurality of’ means two or more, such as two, three, and
the like, unless specified limitation otherwise.
[0099] Although explanatory embodiments of the
present disclosure have been shown and described
above, it would be appreciated that the above embodi-
ments are illustrative, and cannot be construed to limit
the present disclosure. Changes, modifications, alterna-
tives, and transformations can be made to the embodi-
ments by those skilled in the art, and the scope of the
present disclosure is limited by the claims and equiva-
lents thereof.

Claims

1. A display device (100), comprising a first substrate
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(30), a photosensitive layer (40), a liquid crystal layer
(50), a second substrate (60), and a collimation layer
(70) that are stacked successively;
wherein the photosensitive layer (40) comprises a
plurality of photosensitive units (41);
characterized in that,
the second substrate (60) comprises a plurality of
display units (61) and a shutter layer (62) having a
plurality of first holes (621), any adjacent two of the
plurality of display units (61) are spaced by the shut-
ter layer (62), and each of the first holes (621) is
located between any adjacent two different ones of
the plurality of display units (61); and
the collimation layer (70) comprises a plurality of col-
limators (71), each of the plurality of collimators (71)
defines a second hole (711), the second hole (711)
is communicated with a corresponding one of the
first holes (621) and faces a corresponding one of
the photosensitive units (41), and a light signal pass-
es through the second hole (711) and the corre-
sponding one of the first holes (621) and reaches
the corresponding one photosensitive unit (41).

2. The display device of claim 1, wherein the display
device (100) has a display surface (91) comprising
a display area (911), and projections of the plurality
of photosensitive units (41) on the display surface
(91) are located in the display area (911).

3. The display device of claim 1, wherein the display
device (100) has a display surface (91), each colli-
mator (71) is made from light-absorbing material,
and an extension direction of the second hole (711)
is perpendicular to the display surface (91).

4. The display device of claim 1, wherein the shutter
layer (62) is located between the collimation layer
(70) and the plurality of photosensitive units (41),
and projections of the plurality of collimators (71) on
the second substrate (60) are located on the shutter
layer (62).

5. The display device of claim 1, wherein the plurality
of photosensitive units (41) are arranged in an array,
and the plurality of photosensitive units (41) com-
prise one or more of a plurality of stray light photo-
sensitive units (411), a plurality of noise photosen-
sitive units (412), and a plurality of infrared photo-
sensitive units (413).

6. The display device of claim 5, wherein the plurality
of stray light photosensitive units (411) are distribut-
ed in two columns of the array, and one of the two
columns is adjacent to one of two opposite edges of
the array and the other of the two columns is adjacent
to the other of the two opposite edges of the array.

7. The display device of claim 6, wherein the display

device (100) further comprises a cover plate (90)
comprising a display surface (91) and a back surface
(92) that are opposite to each other, an ink layer (93)
is arranged on the back surface (92), projections of
the stray light photosensitive units (411) on the back
surface (92) are located in an area where the ink
layer (93) is located, and the ink layer (93) is config-
ured for blocking an external light signal penetrating
into the cover plate (90).

8. The display device of claim 7, wherein the ink layer
(93) is arranged near an edge of the back surface
(92).

9. The display device of claim 5, wherein the plurality
of noise photosensitive units (412) are distributed in
two second columns of the array, and one of the two
second columns of the array is near one of two op-
posite edges of the array and the other of the two
second columns of the array is near to the other of
the two opposite edges of the array.

10. The display device of claim 9, wherein the display
device (100) further comprises a blocker (73), the
blocker (73) is arranged on a collimator (71) facing
a corresponding one of the noise photosensitive
units (412) and is configured for blocking the second
hole (711) of the collimator (71).

11. The display device of claim 1, wherein the photosen-
sitive layer (40) further comprises a plurality of circuit
units (42) comprising a plurality of photosensitive cir-
cuit units (421) and one or more noise circuit unit
(422), and each of the plurality of the photosensitive
units (41) is connected with one photosensitive cir-
cuit unit (421), each noise circuit unit (422) is uncon-
nected with any one of the plurality of the photosen-
sitive units (41).

12. The display device of claim 8, wherein the plurality
of circuit units (42) are arranged in an array compris-
ing a plurality of rows and a plurality of columns, and
the one or more noise circuit unit (422) is arranged
in at least one whole row and one whole column of
the array.

13. The display device of claim 5, wherein the plurality
of infrared photosensitive units (413) are evenly dis-
tributed in the array.

14. The display device of claim 1, wherein a plurality of
display-driving units (1a1) are arranged on the first
substrate (30) and in a first array comprising a plu-
rality of rows and a plurality of columns;
the plurality of photosensitive units (41) are arranged
in a second array comprising a plurality of rows and
a plurality of columns;
each row of the first array is located between any
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adjacent two rows of the second array, and each
column of the first array is located between any ad-
jacent two columns of the second array; and
the display-driving units (1a1) have an effective op-
eration time alternated with that of the photosensitive
units (41) in a same row or column.

15. An electronic device (1000), characterized by com-
prising:
a housing (200); and
a display device (100) of any one of claims 1-14,
installed in the housing (200).
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