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DISPLAY DEVICE
BACKGROUND OF INVENTION

Field of Invention

[0001] The application relates to the display field, and
particularly relates to a display device.

Description of Prior Art

[0002] Blind-hole screens were developed to achieve a full
screen display effect. The so-called blind-hole screen refers
to a technology wherein a hole is provided in a backlight
layer of a display device, and a camera is disposed under a
protective cover plate and a display panel.

[0003] In blind-hole display devices, areas where the
cameras are disposed do not display, leading to missing parts
in an image, destroying integrity of the image, and affecting
overall sensory effect.

[0004] Inview of'this, a display device which can improve
integrity of display images so as to improve overall sensory
effects is provided.

SUMMARY OF INVENTION

[0005] A display panel is provided by the present appli-
cation comprising a display surface and a non-display sur-
face disposed opposite to the display surface, the display
panel comprises a first display area and a second display
area, and a polymer dispersed liquid crystal film is disposed
in the second display area; and a photosensitive component,
wherein the photosensitive component is disposed on a side
of the non-display surface of the display panel and the
photosensitive component is disposed corresponding to the
second display area.

[0006] Inone embodiment, the display device comprises a
first backlight module disposed on the side of the non-
display surface, the first backlight module is disposed cor-
responding to the first display area, a through-hole is pro-
vided in the first backlight module and the photosensitive
component is located in the through-hole.

[0007] In one embodiment, a spacer is disposed between
the first display area and the second display area.

[0008] In one embodiment, the display device further
comprises a second backlight module and the second back-
light module is located on a side of the spacer towards the
second display area.

[0009] Inone embodiment, the display device comprises a
first base substrate and a second base substrate disposed
opposite to the first substrate, a first electrode layer, and a
second electrode layer are disposed in the second display
area, the first electrode layer is disposed on a side of the first
base substrate towards the second base substrate, the second
electrode layer is disposed on a side of the second base
substrate towards the first base substrate, and the polymer
dispersed liquid crystal film is located between the first
electrode layer and the second electrode layer.

[0010] In one embodiment, the first electrode layer is
located in a same layer as one of a source/drain electrode, a
common electrode and a pixel electrode.

[0011] In one embodiment, a light-emitting angle from the
second backlight module to the first base substrate is greater
than or equal to a total reflection angle of the first base
substrate.
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[0012] In one embodiment, a light transmittance of the
polymer dispersed liquid crystal film is greater than 70%.
[0013] In one embodiment, the polymer dispersed liquid
crystal film comprises a polymer base, liquid crystal mol-
ecules dispersed in the polymer base, the liquid crystal
molecules have an ordinary refractive index n, and an
extraordinary refractive index ne, an refractive index of the
polymer base is n,,, and a refractive index of each of the first
base substrate and the second base substrate is n,, wherein
n,-0.05<n,<n,+0.05, n,-0.05<n,<n,+0.05, and n, is
greater than n, n,, and n,.

[0014] Inone embodiment, n, is 1.7,n,,n,, andn, are 1.5.
[0015] In one embodiment, the second display area is
configured to be in a transparent state when a voltage is
applied and is configured to display images when no voltage
is applied. In one embodiment, the polymer dispersed liquid
crystal film comprises polymer molecules exhibiting bire-
fringence.

[0016] Inone embodiment, the display device comprises a
field sequential color controller, wherein the field sequential
color controller is configured to provide a color image data
corresponding to one of two colors of backlight to the
display panel in a first sub-color field period and is config-
ured to provide a color image data corresponding to another
one of the two colors of backlight to the display panel in a
second sub-color field period.

[0017] Comparing to prior art, in the present application,
the second display area of a polymer dispersed liquid crystal
display unit is configured in a position corresponding to the
photosensitive component, wherein the polymer dispersed
liquid crystal display unit can switch between a transparent
display state and a transmitting state, and can display a
completed image cooperating with the first display area.
Furthermore, the second display area can maintain a rela-
tively large light transmittance while displaying, which can
not only display images, but also ensure normal functioning
of the photosensitive component. Besides, the second dis-
play area can also provide light compensation in a dark
environment.

[0018] In addition, the second display area is driven by a
field sequential color display method, so as to improve light
transmittance of displaying.

BRIEF DESCRIPTION OF DRAWINGS

[0019] In order to more clearly illustrate the technical
solution of the present application, a brief description of the
drawings that are necessary for the illustration of the
embodiments will be given as follows. Obviously, the draw-
ings described below show only some embodiments of the
present invention, and a person having ordinary skill in the
art may also obtain other drawings based on the drawings
described without making any creative effort.

[0020] FIG. 1 is a top view of a display device according
to a first embodiment of the present application.

[0021] FIG. 2 is a partial enlarged drawing of the display
device of FIG. 1.

[0022] FIG. 3 is cross-sectional view of a second display
area of FIG. 1.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0023] The present disclosure is further described in detail
below with reference to the accompanying drawings and
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embodiments. Obviously, the following described embodi-
ments are only part of the present disclosure but not all. A
person having ordinary skill in the art may obtain other
embodiments based on the embodiments provided in the
present disclosure without making any creative effort, which
all belong to the scope of the present disclosure.

[0024] Please refer to FIG. 1 and FIG. 2, a display device
1 of a first embodiment of the present application is a passive
light-emitting display device. For example, it is a liquid
crystal display device. The display device 1 includes a
display panel 10, a first backlight module 20, a photosensi-
tive component 30 and a second backlight module 40. The
display panel 10 can be divided into a first display area 100
and a second display area 200 corresponding to the photo-
sensitive component 30. The first display area 100 can be
disposed around the second display area 200. A spacer 300
configured to separate the first display area 100 from the
second display area 200 can be disposed between the first
display area 100 and the second display area 200.

[0025] The display panel 10 includes a display surface 10a
and a non-display surface 105 disposed opposite to the
display surface 10a. The first backlight module 20 is dis-
posed on a side of the non-display surface 105 of the display
panel 10, and is disposed corresponding to the first display
area 100. The first backlight module 20 is configured to
provide backlight to the first display area 100. While dis-
playing, light emitted by the first backlight module 20 enters
the first display area 100 via the non-display surface 105,
and is emitted out of the display surface 10a. A through-hole
20a is provided in the first backlight module 20. The
photosensitive component 30 is disposed in the through-hole
20. The photosensitive component 30 includes, but is not
limited to an under-screen camera, an under-screen optical
fingerprint recognition sensor, an under-screen optical face
recognition sensor, and an under-screen optical distance
sensor, etc. That is to say, the display device 1 can be formed
as a blind-hole screen.

[0026] The display device 1 further comprises a first
polarizer 51 disposed between the display panel 10 and the
first backlight module 20, and a second polarizer 52 dis-
posed on a side of the display panel 10 away from the first
backlight module 20. An opening corresponding to the
through-hole 20a is provided in the first polarizer 51 and the
second polarizer 52. The openings are configured to allow
external light to enter the photosensitive component 30. The
display device 1 further includes a cover glass disposed on
a side of the second polarizer 52 away from the display panel
10. The cover glass is attached to the second polarizer 52
using an optical adhesive. It can be understood that the
display device 1 further includes other commonly used
components of display devices, such as a driver circuit, a
flexible circuit board, and a frame etc.

[0027] The second backlight module 40 is located on a
side of the spacer 300 towards the second display area 200
and is configured to provide backlight to the second display
area 200.

[0028] In one embodiment of the present application, the
first display area 100 is a liquid crystal display area. The
display panel 10 includes a first substrate 11, a second
substrate 12 and liquid crystal molecules 13 disposed
between the first substrate 11 and the second substrate 12.
The first substrate 11 includes a first base substrate 111 and
a first functional membrane 112 disposed on the first base
substrate 111. A refractive index of the first base substrate
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111 is n,. A first opening 112a is provided in the first
functional membrane 112. In one embodiment of this appli-
cation, the first substrate 11 can be an array substrate. The
first functional membrane 112 includes a thin film transistor
layer, a common electrode layer, and a pixel electrode layer.
The first functional membrane 112 can further comprise an
insulating layer, a passivation layer, a planarizing layer and
an alignment layer and so on. The first opening 112¢ is a
through-hole penetrating the first functional membrane 112,
and the first base substrate 111 is exposed by the first
opening 1124. In other embodiment of this application, the
first opening 112a can also be a blind-hole provided in the
first functional membrane 112. For example, the thin film
transistor layer includes a light-shielding layer, a buffer
layer, a semiconductor layer, a gate insulating layer, a gate
electrode layer, an interlayer insulation layer, and a source/
drain electrode layer, etc., which are sequentially stacked.
The first opening 112a penetrates to the semiconductor
layer, so that the buffer layer is exposed by the first opening
112a.

[0029] The second substrate 12 includes a second base
substrate 121 and a second functional membrane 122 dis-
posed on the second base substrate 121. The first base
substrate 111 and the second base substrate 121 are trans-
parent substrates. A refractive index of the first second
substrate 121 is n,. A second opening 1224 is provided in the
second functional membrane 122. The first opening 112a
and the second opening 122a are configured corresponding
to the through-hole 20q, and are used for configuring the
second display area 200 and to allow light to enter the
photosensitive component 30. For example, the first opening
1124 is coaxially arranged with the second opening 122a
and the through-hole 20qa. In one embodiment of the present
disclosure, the second substrate 12 can be a color filter
substrate, the second functional membrane 122 includes a
color filter layer and a black matrix. The second functional
membrane 122 can further include an alignment film, etc. In
one embodiment of the present application, the second
opening 122a is a through-hole penetrating the second
functional membrane 112. The second base substrate 122 is
exposed from the second opening 122a. In other embodi-
ments of the present application, the second opening 122a
can also be a blind-hole provided in the second functional
membrane 122. In other embodiments of the present appli-
cation, the color filter layer can be disposed on the array
substrate, that is a COA (color filter on array) display panel.
At the same time, the black matrix can be formed on the
array substrate along with the color filter layer and can also
be formed on another substrate. The first display area 100
can be a vertical electric field type display area, suchas a TN
type display area.

[0030] The second display area 200 is disposed corre-
sponding to the through-hole 204 and the openings provided
in the first polarizer 51 and the second polarizer 52. The
second display area 200 is configured to allow light to enter
the photosensitive component 30. There is no restriction on
shape and position of the second display area 200 in the
present application. In one embodiment, the second display
area 200 is circular in a top view. The second display area
200 is located above the photosensitive component 30, and
the second display area 200 can display missing images
which should have been displayed, located above the pho-
tosensitive component 30, to display the completed image
cooperating with the first display area 100. Furthermore, the
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second display area 200 can maintain a relatively large light
transmittance while displaying, which can not only display
images, but also ensure normal functioning of the photo-
sensitive component 30. Besides, the second display area
200 can also provide light compensation in a dark environ-
ment.

[0031] The second display area 200 is defined as a position
between the first opening 112« and the second opening 122a.
Please refer to FIG. 3, the second display area 200 is a
polymer dispersed liquid crystal (PDLC) display area. A first
electrode layer 210, and a second electrode layer 220 and
polymer dispersed liquid crystals 230 are configured in the
second display area 200.

[0032] The first electrode layer 210 is disposed on a side
of the first base substrate 111 towards the second base
substrate 121. There is no restriction on shape of the first
electrode layer 210, for example, it can be a planar electrode,
or a plurality of electrodes having a bar shape. A material of
the first electrode layer 210 can be a metal oxide or a metal.
The metal oxide, for example can be indium tin oxide (ITO).
The metal, for example could be a metal with high light
transmittance, such as copper or molybdenum etc. The first
electrode layer 210 can be located in a same layer as one of
a source/drain electrode, a common electrode and a pixel
electrode. In one embodiment, the first electrode layer 210
can be manufactured in a same process as one of the
source/drain electrode, the common electrode and the pixel
electrode.

[0033] The second electrode layer 220 is disposed on a
side of the second base substrate 121 towards the first base
substrate 111. There is no restriction on shape of the second
electrode layer 220, for example, it can be a planar electrode,
or a plurality of electrodes having a bar shape. A material of
the second electrode layer 220 can be selected from the
materials of the first electrode layer 210.

[0034] The polymer dispersed liquid crystal film 230 is
located between the first electrode layer 210 and the second
electrode layer 220. The polymer dispersed liquid crystal
film 230 is a liquid of high transparency formed by mixing
liquid crystal molecules 2301 and a polymer base 2302 in a
certain ratio. A light transmittance of the polymer dispersed
liquid crystal film 230 is greater than 70%. The polymer
dispersed liquid crystal film 230 can be a plurality of liquid
crystal molecules 2301 dispersed in the polymer base 2302,
or the liquid crystal molecules 2301 contained in the poly-
mer base 2301 having a network shape. The liquid crystal
molecules 2301 exhibit birefringence, and have an ordinary
refractive index n, and an extraordinary refractive index n,.
A refractive index of the polymer base 2302 is n,. Wherein
n,-0.05<n,<n,+0.05, n,-0.05<n,<n,+0.05, and n, is
greater than n,,, n, and n,. When not displaying, the refrac-
tive indexes of the liquid crystal molecules 2301, the poly-
mer base 2302 and the first base substrate 111 are relatively
uniform and scattering hardly happens, n, is greater than n,,
n,, and n,. In one embodiment, n, is 1.7, n_, n,, and n, are
1.5. In other embodiments of the present application, the
polymer molecules consisting the polymer base 2301 also
exhibit birefringence. In this case, display effect and trans-
parency of the display panel 10 can be further improved.
[0035] In one embodiment, the second backlight module
40 is located on a side of the polymer dispersed liquid crystal
film 230, that is to say, the second backlight module 40 is
disposed along a side of the polymer dispersed liquid crystal
film 230 located between the first electrode layer 210 and the
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second electrode layer 220. The second backlight module 40
includes a three-color second backlight module of red, green
and blue, for example, red, green, and blue three-color
LEDs. A light-emitting angle from the second backlight
module 40 to the first base substrate 111 is greater than or
equal to a total reflection angle arcsin(1/n,) of the first base
substrate 111.

[0036] The second display area 200 is turned down when
no voltage is applied. When light from the second backlight
module 40 is emitted to the first base substrate 111 with an
angle greater than or equal to a total reflection angle arcsin
(1/n,) of the first base substrate 111, a total reflection of light
happens at an interface of the first base substrate 111 and the
air. As the refractive indexes of the whole layer of the
polymer dispersed liquid crystal film 230 and the first base
substrate 111 and the second base substrate 121 are about the
same, total reflections of the light emitted from the second
backlight module 40 happen repeatedly inside the second
display area 200, and cannot pass through the first base
substrate 111 and the second base substrate 121. At this time,
the second display area 200 does not display images but
turns transparent, external light enters the photosensitive
component 30 through the second display area 200.

[0037] A voltage is applied between the first electrode
layer 210 and the second electrode layer 220 to control
deflecting of the liquid crystal molecules 2301 in the poly-
mer dispersed liquid crystal film 230. When a voltage is
applied to the second display area 200, the liquid crystal
molecules 2301 are deflected by the electric field, but the
polymer base 2302 is not affected by the electric field, so that
refractive index n, of the light emitted by the second
backlight module 40 at the liquid crystal molecules 2301 and
refractive index n, of the light emitted by the second
backlight module 40 at the polymer base 2301 are different.
The light emitted from the second backlight module 40 is
scattered by the liquid crystal molecules 2301. The total
reflection of the light between the first base substrate 111 and
the air is broken, and the light is emitted out of the second
display area 200 and images are displayed. At same time,
external light still enters the photosensitive component 30
through the polymer base 2302 of the polymer dispersed
liquid crystal film 230. At the same time of picture display-
ing, light is provided to the photosensitive component 30.
[0038] It can be understood that the second display area
200 can also be configured to be in a transparent state when
a voltage is applied and is configured to display images
when no voltage is applied.

[0039] The second display area 200 is driven by a field
sequential color display method, that utilizes a phenomenon
of visual persistence in human eyes, a time-divided display
is performed using a three-color second backlight module to
display color images. That is to say, the display device 1
further includes a field sequential color controller. The field
sequential color controller divides a frame period T into a
first sub-color field period and a second sub-color field
period. The field sequential color controller provides a first
color image data to the display panel 10 in the first sub-color
field period and provides a second color image data to the
display panel 10 in the second sub-color field period. A
second backlight module driver of the second display area
200 controls an RGB light-emission of the three-color
second backlight module according to the color image data
received. A field sequential color controlling method is used
in the display device 1 to mix colors of color filters in a
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spatial axis, that is to say, a color mixture of three sub pixels,
red (R), green (G) and blue (B) in the spatial axis within a
range smaller than a human eye’s field of view is replaced
by a color mixture in a time axis by the light-emitting diodes
of the second backlight module, that is, within a time range
of visual persistence in human eyes, the three-color images
of red (R), green (G) and blue (B) are quickly switched in
the time axis to obtain an color mixture effect. Thus, there
is no need to configure polarizers and a color film layer in
the second display area 200, so as to improve light trans-
mittance of displaying. It can be understood that there are no
restrictions on a number of the sub-color field periods, in
other embodiments of the present application, the one frame
period T can be also divided into more than three sub-color
field periods.

[0040] In the present application, the second display area
of polymer dispersed liquid crystal display unit is configured
in a position corresponding to the photosensitive compo-
nent, wherein the polymer dispersed liquid crystal display
unit can switch between a transparent display state and a
transmitting state, and can display a completed image coop-
erating with the first display area. Furthermore, the second
display area can maintain a relatively large light transmit-
tance while displaying, which can not only display images,
but also ensure normal functioning of the photosensitive
component. Besides, the second display area can also pro-
vide light compensation in a dark environment.

[0041] In addition, the second display area is driven by a
field sequential color display method, so as to improve the
light transmittance of displaying.

[0042] The above description provides a detailed intro-
duction to the application. In this disclosure, specific
examples are applied to explain principle and embodiments
of the application. The description of the above embodi-
ments is only used to help understand the application. At the
same time, for those skilled in the art, according to the
thought of the present disclosure, there will be changes in
the specific embodiments and application scope. In conclu-
sion, the content of the specification should not be under-
stood as the limitation of the application.

What is claimed is:

1. A display device comprising:

a display panel, wherein the display panel comprises a
display surface and a non-display surface disposed
opposite to the display surface, the display panel com-
prises a first display area and a second display area, and
a polymer dispersed liquid crystal film is disposed in
the second display area; and

a photosensitive component, wherein the photosensitive
component is disposed on a side of the non-display
surface of the display panel and the photosensitive
component is disposed corresponding to the second
display area.

2. The display device of claim 1, wherein the display
device comprises a first backlight module disposed on the
side of the non-display surface, the first backlight module is
disposed corresponding to the first display area, a through-
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hole is provided in the first backlight module, and the
photosensitive component is located in the through-hole.

3. The display device of claim 1, wherein a spacer is
disposed between the first display area and the second
display area.

4. The display device of claim 3, wherein the display
device further comprises a second backlight module, and the
second backlight module is located on a side of the spacer
towards the second display area.

5. The display device of claim 4, wherein the display
device comprises a first base substrate and a second base
substrate disposed opposite to the first substrate, a first
electrode layer and a second electrode layer are disposed in
the second display area, the first electrode layer is disposed
on a side of the first base substrate towards the second base
substrate, the second electrode layer is disposed on a side of
the second base substrate towards the first base substrate,
and the polymer dispersed liquid crystal film is located
between the first electrode layer and the second electrode
layer.

6. The display device of claim 5, wherein the first elec-
trode layer is located in a same layer as one of a source/drain
electrode, a common electrode and a pixel electrode.

7. The display device of claim 5, wherein a light-emitting
angle from the second backlight module to the first base
substrate is large than or equal to a total reflection angle of
the first base substrate.

8. The display device of claim 7, wherein a light trans-
mittance of the polymer dispersed liquid crystal film is
greater than 70%.

9. The display device of claim 7, wherein the polymer
dispersed liquid crystal film comprises a polymer base,
liquid crystal molecules dispersed in the polymer base, the
liquid crystal molecules have an ordinary refractive index n,,
and an extraordinary refractive index n_, a refractive index
of the polymer base is 1n,,, and a refractive index of each of
the first base substrate and the second base substrate is n,,
wherein n,-0.05<n,<n,+0.05, n,-0.05<n,<n+0.05, and n,
is greater than n,, n,, and n,.

10. The display device of claim 9, wherein n, is 1.7, n_,
n,, and n_ are 1.5.

11. The display device of claim 9, wherein the second
display area is configured to be in a transparent state when
a voltage is applied and is configured to display images
when no voltage is applied.

12. The display device of claim 9, wherein the polymer
dispersed liquid crystal film comprises polymer molecules
exhibiting birefringence.

13. The display device of claim 1, wherein the display
device comprises a field sequential color controller, wherein
the field sequential color controller is configured to provide
a color image data corresponding to one of two colors of
backlight to the display panel in a first sub-color field period
and is configured to provide a color image data correspond-
ing to another one of the two colors of the backlight to the
display panel in a second sub-color field period.
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