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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/CN2018/091264 filed on Jun. 14,
2018, which claims priority to Chinese patent application
No. 201711044437.5 filed on Oct. 31, 2017. Both applica-
tions are incorporated herein by reference in their entireties.

TECHNICAL FIELD

[0002] The present application relates to the field of dis-
play technologies, particularly to a display device.

BACKGROUND

[0003] Organic Light Emitting Diode (OLED) is consid-
ered as one of the display technologies with the brightest
prospects of development because of its advantages such as
all-solid state, ultrathinness, fast response, high luminous
efficiency, high contrast ratio, low power consumption, and
easy realization of flexible display and 3D display. OLED
has been widely used in electronic products such as mobile
phone screens, computer monitors and full color televisions.
[0004] With the development of OLED technology and
the improvement of requirements for a display screen, a
display device is developing in the direction of narrow
frame, even full screen and foldability. However, since
non-display regions such as circuit traces and bonding
regions are disposed on a periphery of the display device
normally, a full screen display of the display device in a
flattened state is difficult to be realized. Currently, a full
screen display effect is generally realized by bending the
non-display regions to a back surface of the display device.
However, when the non-display regions of the display
device is bent, it is easy to damage circuits and other
structures of the regions, which results in failure of functions
of the display device. Therefore, there are still major diffi-
culties to realize the full screen or narrow frame display of
the display device.

SUMMARY

[0005] In view of this, embodiments of the present appli-
cation provide a display device, which solves the problem
that a display device is difficult to realize a full screen or a
narrow frame display.

[0006] A display device provided by an embodiment of the
present application includes a substrate, an OLED module
disposed on a first surface of the substrate and a tracing
region disposed on a second surface of the substrate opposite
to the first surface. The tracing region is electrically con-
nected to the OLED module.

[0007] In an embodiment, the substrate includes a via
hole, and a circuit trace in the tracing region is connected to
the OLED module via the via hole.

[0008] In an embodiment, the display device further
includes a bonding region disposed on the second surface of
the substrate, and a lead wire in the bonding region is
connected to the OLED module via the via hole.

[0009] In an embodiment, the display device further
includes a bonding region disposed on the first surface of the
substrate.

[0010] In an embodiment, the bonding region is disposed
at an edge of a short side of the first surface of the substrate,
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and the tracing region is disposed at edges of two long sides
of the second surface of the substrate.

[0011] In an embodiment, the substrate is made of an
ultra-thin glass.
[0012] In an embodiment, the substrate includes a first

substrate layer and a second substrate layer that are inte-
grally sealed, and at least one of the first substrate layer and
the second substrate layer is made of an ultra-thin glass.
[0013] In an embodiment, the first substrate layer and the
second substrate layer are integrally sealed by at least one of
an OCA, a barrier OCA, an UV glue, a silicone rubber and
a glass glue.

[0014] In an embodiment, the display device further
includes a first protection layer covering the OLED module
and being integrally sealed with the substrate.

[0015] In an embodiment, the display device further
includes a second protection layer covering the tracing
region and being integrally sealed with the substrate.
[0016] In an embodiment, materials of the first protection
layer and the second protection layer are ultra-thin glass, and
the first protection layer and the second protection layer are
sealed with the substrate by at least one of an OCA, a barrier
OCA, an UV glue, a silicone rubber and a glass glue,
respectively.

[0017] In an embodiment, the display device further
includes a first protection layer, a second protection layer
and an encapsulation layer disposed between the first pro-
tection layer and the second protection layer. A middle
portion of the encapsulation layer includes an empty groove
region. The substrate and the OLED module are disposed in
the empty groove region.

[0018] In an embodiment, the OLED module includes a
plurality of functional layers, a strain barrier layer is dis-
posed between adjacent ones of the plurality of the func-
tional layers, and the strain barrier layer includes a chamber
and an elastic material layer surrounding an outer periphery
of the chamber.

[0019] Inan embodiment, the empty groove region and/or
the chamber is filled with gas or liquid, and the encapsula-
tion layer and/or the elastic material layer is composed of a
material having low elastic modulus.

[0020] In an embodiment, a size of a bottom area of the
empty groove region is larger than that of the substrate.

[0021] In an embodiment, a first silicone oil layer is
disposed between the OLED module and the first protection
layer, and/or, a second silicone oil layer is disposed between
the substrate and the second protection layer.

[0022] Inanembodiment, the encapsulation layer includes
at least one air guiding groove and a sealing material for
sealing the at least one air guiding groove.

[0023] In an embodiment, the display device further
includes a first protection layer and a second protection
layer, the second protection layer is provided with a concave
groove, the substrate and the OLED module are disposed in
the concave groove, and the first protection layer is disposed
on the OLED module.

[0024] In an embodiment, the first protection layer is
located in the concave groove of the second protection layer,
and an upper surface of the first protection layer is flat with
an upper surface of the second protection layer.

[0025] In an embodiment, a cross-sectional area of the
concave groove is larger than that of the substrate.



US 2020/0020881 A1

[0026] In an embodiment, a periphery of the first protec-
tion layer and sides of the concave groove of the second
protection layer are encapsulated by a laser sintered glass
powder process.

[0027] In a display device provided by the embodiments,
a tracing region of a non-display portion is disposed on a
back surface of a substrate, so that when the tracing region
is electrically connected to an OLED module located at a
front surface of the display device to complete a tracing
function, a area of a non-display region located at a front
surface of the display device is greatly reduced, which make
the device realize a narrow frame display and even a full
screen display, thereby enhancing a display effect of a screen
and improving visual experience of a user.

BRIEF DESCRIPTION OF DRAWINGS

[0028] FIG.1isa schematic structural diagram illustrating
a display device according to an embodiment of the present
application.

[0029] FIG. 2isa schematic structural diagram illustrating
a display device according to another embodiment of the
present application.

[0030] FIG. 3 (@) is a front schematic structural diagram
illustrating a substrate of a display device according to an
embodiment of the present application.

[0031] FIG. 3 (b) is a back schematic structural diagram
illustrating a substrate of a display device according to an
embodiment of the present application.

[0032] FIG. 4 (@) is a front schematic structural diagram
illustrating a substrate of a display device according to
another embodiment of the present application.

[0033] FIG. 4 (b) is a back schematic structural diagram
illustrating a substrate of a display device according to
another embodiment of the present application.

[0034] FIG. 5is a schematic structural diagram illustrating
a display device according to another embodiment of the
present application.

[0035] FIG. 6 is a schematic structural diagram illustrating
a display device according to another embodiment of the
present application.

[0036] FIG. 7isa schematic structural diagram illustrating
a display device according to another embodiment of the
present application.

[0037] FIG. 8isa schematic structural diagram illustrating
a display device according to another embodiment of the
present application.

[0038] FIG.9isa schematic structural diagram illustrating
a display device according to another embodiment of the
present application.

[0039] FIG. 10 is a schematic structural diagram illustrat-
ing a display device according to another embodiment of the
present application.

[0040] FIG. 11 is a schematic structural diagram illustrat-
ing a display device according to another embodiment of the
present application.

DETAILED DESCRIPTION

[0041] In order to make purposes, technical means and
advantages of the present application more clear and under-
standable, the present application will be further described
in detail as follows with reference to the accompanying
drawings.
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[0042] FIG. 1is a schematic structural diagram illustrating
a display device according to an embodiment of the present
application. As shown in FIG. 1, the display device includes
asubstrate 14, an OLED module 2 disposed on a first surface
of the substrate 1a, and a tracing region 3 disposed on a
second surface of the substrate 1a. The second surface is a
surface opposite to the first surface, and the tracing region 3
is electrically connected to the OLED module 2 of the first
surface.

[0043] Inthe embodiment, the first surface of the substrate
la is a front surface on which a TFT array layer, an anode
layer, an organic light-emitting layer, a cathode layer and the
like may be sequentially disposed, and these functional
layers collectively constitute the OLED module 2 to become
a display region of the display device. The second surface of
the substrate 1a is a back surface. The tracing region 3 as a
non-display portion is disposed at a corresponding position
of the back surface of the substrate 1a, such as an peripheral
edge region, which greatly reduce the area of a non-display
region on the front surface of the device, so that the device
may realize the display effect of narrow frame and even full
screen.

[0044] In a display device provided by the embodiment, a
tracing region of a non-display portion is disposed on a back
surface of a substrate, so that when the tracing region is
electrically connected to an OLED module located at a front
surface of the display device to complete a tracing function,
a area of a non-display region located at a front surface of
the display device is greatly reduced, which make the device
realize a narrow frame display and even a full screen display,
thereby enhancing a display effect of a screen and improving
visual experience of a user.

[0045] In an embodiment of the present application, the
substrate 1a includes a via hole, and a circuit trace in the
tracing region 3 is connected to the OLED module 2 located
at the front surface via the via hole on the substrate 1a.
Specifically, the via hole structure may be disposed one-to-
one corresponding to the circuit trace, or one via hole is
disposed correspond to a plurality of circuit traces, or one
via hole is disposed correspond to all circuit traces. For the
formation of the via hole, the via hole may be punched by
alaser or may be realized by a chemical method, and various
conductive media such as copper may be evaporated on
walls of the hole. Thus, the circuit trace in the tracing region
3 on the back surface of the substrate 1a can be electrically
connected to the OLED module 2 of the front surface via the
via hole. Of course, the tracing region 3 on the back surface
and the first surface of the substrate 1a may be electrically
connected in other ways, which is not limited by the present
application.

[0046] For the substrate, it may be either a hard glass
substrate, or may be a bendable ultra-thin glass, or may be
a flexible substrate made of a material such as Polyimide
(PI), Polyethylene Terephthalate (PET) or Polyethylene
Naphthalene (PEN) and the like.

[0047] In a preferred embodiment of the present applica-
tion, the substrate 1a is one layer and is an ultra-thin glass.
An organic light-emitting structure such as a TFT array
layer, an anode layer, an organic light-emitting layer and a
cathode layer may be prepared on the front surface of the
ultra-thin glass to form the display region of the display
device. A circuit trace is prepared on the back surface thereof
to form the tracing region of the display device, and a via
hole via the front surface and the back surface is prepared on
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the ultra-thin glass, so that the circuit trace on the back
surface is electrically connected to the display region on the
front surface via the via hole. The order of the above three
processes is not fixed, and those skilled in the art can
perform corresponding adjustments according to actual pro-
cess requirements.

[0048] Compared with a common glass substrate, the
ultra-thin glass not only has a smaller thickness, such as, 0.1
mm to 0.5 mm, but also has good flexibility, and can be used
as a bendable flexible substrate to meet foldable require-
ments of the display device. In addition, the ultra-thin glass
also has good stiffness, the stiffness of one layer of ultra-thin
glass may be equivalent to that of superposed several film
layers of PI/PET, etc., and the precision of punching holes in
the ultra-thin glass is higher. Therefore, the display device
provided by the embodiment, by adopting the ultra-thin
glass replace traditional substrates such as PI, PET or PEN,
not only satisfies the requirement of folding and improves
production precision, but also avoids contradiction between
the stiffness caused by utilizing a material such as PI, PET
or PEN and the easy splitting of film layers after folding.
Thus, the user’s requirements for stiffness are satisfied, and
at the same time the qualities of the display device is
ensured.

[0049] In another embodiment of the present application,
as shown in FIG. 2, a substrate 15 includes a first substrate
layer 11 and a second substrate layer 12 that are integrally
sealed, and at least one of the first substrate layer 11 and the
second substrate layer 12 is made of an ultra-thin glass. That
is, both the first substrate layer 11 and the second substrate
layer 12 may be made of the ultra-thin glass, or one of the
first substrate layer 11 and the second substrate layer 12 may
be made of the ultra-thin glass. An OLED module 2 is
disposed on a surface of the first substrate layer 11 away
from the second substrate layer 12 (namely, a front surface
of the substrate 1), and a tracing region 3 is disposed on a
surface of the second substrate layer 12 away from the first
substrate layer 11 (namely, a back surface of the substrate
15). Corresponding positions of the first substrate layer 11
and the second substrate layer 12 are both provided with via
hole structures, and the tracing region 3 disposed on the
second substrate layer 12 may be electrically connected to
the OLED module 2 on a substrate layer 11 through via holes
of two substrate layers.

[0050] At least one of an Optical Clear Adhesive (OCA),
an OCA with a barrier function, a silicone rubber, an
Ultraviolet Rays (UV) glue or other adhesives may be
adopted to seal the first substrate layer 11 and the second
substrate layer 12. When both the first substrate layer 11 and
the second substrate layer 12 are the ultra-thin glass, a Frit
(a glass glue) manner may also be selected to seal two layers
of ultra-thin glass. Because the glass glue contains a silicon
material homogenous to the material of the ultra-thin glass,
two layers of ultra-thin glass may be better sealed, so that the
substrate 15 after sealing as a whole has a better water
blocking performance.

[0051] The distribution manner of adhesives may be vari-
ous, for example, a block shape, a strip shape or other
regular or irregular closed patterns, or a ring shape distrib-
uted around the substrate, which is not limited by the present
application, as long as the two substrate layers may be firmly
integrally sealed.

[0052] In addition, since surfaces close to each other
between the first substrate layer 11 and the second substrate
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layer 12 are not provided with components, the two may be
integrally sealed by adopting a full-area sealing manner, and
this sealing manner may further improve reliability of the
device.

[0053] A display device provided by the embodiment
further enhances the stiffness of the display device by
configuring a substrate as two-layer substrate layers sealed
integrally, wherein at least one layer is a structure of an
ultra-thin glass. Moreover, an OLED module and a tracing
region are respectively disposed on two surfaces facing
away from each other of different substrate layers, so that the
influence on each other or the structure of the substrate
caused by the OLED module and the tracing region being
disposed on a front surface and a back surface of the same
substrate is avoided, and the difficulty of the process is
reduced.

[0054] In order to transmit a driving signal and a driving
power to the OLED module, flexible thin film circuit boards
such as a Chip on Film (COF) and a Flexible Printed Circuit
(FPC), and a driver IC are required to be bound, and these
flexible thin film circuit boards and the driver IC constitute
a bonding region of the display device.

[0055] In an embodiment of the present application, as
shown in FIG. 3(a) and FIG. 3(b), a tracing region 3 is
disposed on a back surface of a substrate, a bonding region
4a is disposed on a front surface (namely, a first surface) of
the substrate, and may be disposed at the position where a
camera or an earpiece of the display device is located. In the
embodiment, a bending region 5 is disposed in an interme-
diate position of two relatively short sides and is perpen-
dicular to two relatively long sides of the substrate, the
bonding region 4a is disposed at an edge of one short side
of the front surface of the substrate, and the tracing region
3 is disposed at edges of two long sides of the back surface
of the substrate. A circuit trace in the tracing region 3 is
electrically connected to the front surface of the substrate via
a via hole 9. Since the via hole 9 in the embodiment is
covered by the tracing region 3 of the back surface, the via
hole 9 is not shown in FIG. 3 (b).

[0056] Although eight via holes 9 are marked in corre-
sponding positions of the tracing region 3 in FIG. 3(a), the
specific number and positions of the via holes 9 may be set
differently according to different situations in the actual
design and application. The bending region may also be
disposed at other positions according to actual needs, for
example, the bending region is disposed at an intermediate
position of the two relatively long sides and is perpendicular
to the two relatively short sides of the substrate or disposed
along a diagonal direction of the substrate. The positions of
the tracing region 3 and the bonding region 4a may also be
adjusted accordingly, which is not limited specifically by the
present application.

[0057] When the substrate is one layer of ultra-thin glass
or a first substrate layer thereof is an ultra-thin glass, an
Anisotropic Conductive Film (ACF) is used to bond the
substrate, a flexible film circuit board and a driver IC
together through the bonding process of a Film on Glass
(FOG) and a Chip on Glass (COG). When the first substrate
layer of the substrate is a P1 substrate layer, the substrate, the
flexible thin film circuit board and the driver IC may be
bonded together through the bonding process of a Film on PI
(FOP) and a Chip on PI (COP). These two bonding manners
both can enable the display device realize the display effect
of narrow frame.
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[0058] In another embodiment of the present application,
as shown in FIG. 4(a) and FIG. 4(b), a bonding region 45
and a tracing region 3 are both disposed on a back surface
(namely, a second surface) of a substrate, and at the same
time, a lead wire in the bonding region 45 may also be
connected to an OLED module 2 via a via hole 9 on the
substrate, thus the conduction with a front surface is per-
formed, and the display effect of full screen is achieved.
[0059] In the embodiment, a position corresponding to the
bonding region 4 on the substrate 1a is provided with two
via holes 9 for the passage the lead wire. In fact, the lead
wire of the bonding region 45 may also share via holes 9
with the circuit trace in the tracing region 3. The number and
position of the via holes 9 in the embodiment are also merely
an example of the present application, and are not intended
to limit the present application.

[0060] An ultra-thin glass is adopted as a flexible substrate
in a display device provided by the embodiment, which
realizes bendable performance of the device and also plays
a good supporting role, thereby improving the overall stiff-
ness of the device. In addition, in the embodiment, the
bonding region is moved from the front surface to the back
surface of the display device, which further reduces the area
of anon-display region on the front surface of the device and
realizes the full screen display.

[0061] In an embodiment of the present application, as
shown in FIG. 5 and FIG. 6, the flexible display device
further includes a first protection layer covering the OLED
module 2 and being integrally sealed with the substrate 1a,
and the first protection layer is used for protecting the
display region of the substrate la. Of course, when the
bonding region is disposed on the front surface of the
substrate la, the first protection layer is also configured to
protect the flexible film circuit board and the driver IC of the
bonding region. The material of the first protection layer
may be an ultra-thin glass, for example, the first protection
layer 64 in the embodiment shown in FIG. 5 is the ultra-thin
glass.

[0062] When the first protection layer is the ultra-thin
glass, the first protection layer and the substrate 1@ may be
sealed by ways such as peripheral encapsulation, block
encapsulation or full-surface encapsulation. For example,
the embodiment shown in FIG. 5 is sealed in the way of
peripheral encapsulation, and an encapsulation layer 7a may
specifically be at least one of an OCA, a barrier OCA, a
silicone rubber, a glass glue, an UV glue and the like. In the
embodiment, the first protection layer 6a is disposed on the
front surface of the OLED module 2, the encapsulation layer
7a is disposed around the OLED module 2, and the first
protection layer 6a is sealed with the encapsulation layer 7a.
Thus the substrate 1a may be tightly sealed with the encap-
sulation layer 7a by only a narrow frame reserved on the
substrate 1a, and then integrally sealed with the first pro-
tection layer 6a. The reserved frame only needs to meet the
basic requirement of sealing, and has little effect on the full
screen display of the device. Moreover, the overall stiffness
of the device is further improved by adopting the ultra-thin
glass as the protection layer in the embodiment.

[0063] Of course, the first protection layer may also be a
thin film encapsulating material. As shown in FIG. 6, a thin
film layer may be attached to both a periphery and the front
surface of the OLED module 2 to form a first protection
layer 6b. Specifically, the thin film encapsulation layer may
be a transparent thin film layer formed by alternately stack-
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ing an organic thin film and an inorganic thin film, which has
good water and oxygen barrier properties. Since the trans-
parent film layer is light and thin, its thickness generally
does not exceed 3 um, and thus the good sealing effect can
be realized without affecting the optical display by adopting
a film to perform the full-surface encapsulation.

[0064] In another embodiment of the present application,
as shown in FIG. 7, the display device further includes a
second protection layer 8a covering the tracing region 3 and
being integrally sealed with the substrate 1a. The second
protection layer 8a is used for protecting the circuit trace,
and when the bonding region is also located on the back
surface of the substrate 1a, the second protection layer 8a is
also configured to protect the flexible film circuit board and
the driver IC of the bonding region. In the embodiment, the
material of the second protection layer 8a is a film encap-
sulating material, and in other embodiments, the material of
the second protection layer 84 may also be an ultra-thin
glass. The second protection layer 8a and the substrate 1a
may also be sealed by adopting colloids such as an OCA, a
barrier OCA, a silicone rubber, a glass glue or an UV glue.
[0065] In adisplay device provided by the embodiment, a
circuit trace and/or a flexible thin film circuit board, a driver
IC and other components on a back surface of a substrate are
protected accordingly by adding another protection layer on
the back surface of the substrate, and the reliability of the
device as a whole is further increased.

[0066] Inan embodiment of the present application, a first
protection layer and a second protection layer are both made
of ultra-thin glass. As shown in FIG. 8, a display device
includes a first protection layer 6a, a second protection layer
8b, an encapsulation layer 75 disposed between the first
protection layer 6a and the second protection layer 85, and
a display panel 10 (includes a substrate and an OLED
module). A middle portion of the encapsulation layer 75
includes an empty groove region 1031, the display panel 10
is disposed in the empty groove region 1031 of the encap-
sulation layer 7b, and a size of a bottom area of the empty
groove region 1031 is larger than a size of the display panel
10.

[0067] It can be seen that an ultra-thin glass is adopted to
replace the upper and lower cover plates of the existing
flexible display device in the embodiment of the present
application. Since the ultra-thin glass itself has excellent
stiffness and bending resistance, the problem of a demand
contradiction between the stiffness and the prevention of
film splitting in the existing display device may be solved
effectively. Meanwhile, since a display panel 10 is disposed
in an empty groove region 1031 between a first protection
layer 6¢ and a second protection layer 85, and a size of a
bottom area of the empty groove region 1031 is larger than
a size of the display panel 10 (namely, a size of a substrate),
Therefore, when the flexible display panel 10 is bent, the
display panel 10 may be slid in the empty groove region
1031 relative to the first protection layer 6¢ and the second
protection layer 85, thereby alleviating the bending stress,
and delamination of film layers inside the display panel 10
may be avoided effectively. The bending resistance of a
display device is further improved, and the reliability of a
product is improved.

[0068] In an embodiment of the present application, in
order to make the sliding of the display panel 10 in the empty
groove region 1031 during a bending process more flexible
and smooth, a first silicone oil layer may be disposed
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between the display panel 10 and the first protection layer 6¢
(namely, between the OLED module and the first protection
layer 6¢), and/or a second silicone oil layer is disposed
between the display panel 10 and the second protection layer
8b (namely, between the substrate and the second protection
layer 8b). However, it should be understood that the display
panel 10 can be slid in the empty groove region 1031 even
without the first silicone oil layer and the second silicone oil
layer, and whether the display device includes the first
silicone oil layer and the second silicone oil layer is not
limited by the present application.

[0069] In an embodiment, the encapsulation layer 75 of
the display device includes at least one air guiding groove
and a sealing material for sealing the air guiding groove. Air
bubbles generated by a bonding process can be guided away
by these air guiding grooves during a process of bonding the
first protection layer 6c, thereby preventing these air bubbles
from remaining between the first protection layer 6¢ and the
display panel 10. After the bonding process of the first
protection layer 6¢ is completed, the at least one air guiding
groove is sealed with the sealing material.

[0070] In another embodiment of the present application,
both a first protection layer and a second protection layer are
also made of ultra-thin glass, and a structure of a display
device is shown in FIG. 9. A second protection layer 8¢ is
provided with a concave groove, a display panel 10 is
disposed in the concave groove, and a first protection layer
6d 1s disposed on the display panel 10.

[0071] The second protection layer 8¢ with the concave
groove in the middle thereof may be prepared by etching or
the like in the middle of one ultra-thin glass, which may be
prepared by ourselves or may be directly purchased by a
glass sales company, and the concave groove thereof may be
prepared by a craft method such as etching. The source or
preparation manner of the second protection layer 8¢ with
the concave groove in the middle thereof is not limited by
present application.

[0072] The display panel 10 may be disposed in the
concave groove of the second protection layer 8¢ by a
bonding manner of an optical glue. Due to the existence of
the concave groove, the sliding range of the first protection
layer 6d is effectively limited, and the failure of the entire
display device caused by the excessive displacement of the
first protection layer 64 during a bending process is pre-
vented.

[0073] The first protection layer 6d may be bonded on the
display panel 10 by the optical glue, and after the bonding
is completed, an upper surface of the first protection layer 64
should be kept at the same level as an upper surface of the
second protection layer 8c. In an embodiment of the present
application, a cross-sectional area of the concave groove of
the second protection layer 8¢ with the concave groove in
the middle thereof is larger than a cross-sectional area of the
display panel 10, so that the display panel 10 can be slid in
the concave groove during a bending process, thereby bend-
ing stress may be further dispersed, and the fracture failure
of the display panel 10 is avoided. And the first protection
layer 6d should be located in the concave groove of the
second protection layer 8c. Due to the existence of the
second protection layer 8¢, the slip of the first protection
layer 6d is effectively suppressed, and the bending resistance
of the display device is improved.

[0074] It should be understood that the manner of dispos-
ing the display panel 10 in the concave groove of the second
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protection layer 86 may be optical glue bonding or silicone
oil bonding, etc. When adopting the silicone oil bonding, the
display panel 10 may be better slid in the concave groove to
relieve the bending stress, but the specific disposing marner
and the bonding material used are not limited by the present
application.

[0075] In an embodiment of the present application, a
periphery of the first protection layer 64 and sides of the
concave groove of the second protection layer 8¢ are encap-
sulated by a laser sintered glass powder process. A glass
powder layer 103 after encapsulating is shown in FIG. 10. A
gap between the periphery of the first protection layer 64 and
the sides of the concave groove of the second protection
layer 8¢ is filled with the laser-sintered glass powder layer
103, thereby avoiding external moisture and oxygen enter-
ing the display panel 10. An upper surface of the display
panel 10 after completing an internal encapsulation is cov-
ered with the first protection layer 64, a lower surface and
sides of the display panel 10 are covered with the second
protection layer 8¢, and a periphery of the display panel 10
is protected by the glass powder layer 103. Thus the entry of
moisture and oxygen is blocked effectively, and the moisture
and oxygen barrier performance of the display device is
improved.

[0076] In addition, in order to reduce the stress between
various material layers of the display device and prevent the
occurrence of a phenomenon of fracture delamination. In an
embodiment of the present application, a strain barrier layer
is added between adjacent two material layers.

[0077] FIG. 11 is a schematic structural diagram illustrat-
ing a display device according to an embodiment of the
present application. As shown in FIG. 11, the display device
provided by the embodiment of the present application
includes a first module material layer 1001 and a second
module material layer 1003 that are superposed, and at least
one strain barrier layer 1002 disposed between the first
module material layer 1001 and the second module material
layer 1003. The strain barrier layer 1002 includes a chamber
22 and an elastic material layer 21 surrounding an outer
periphery of the chamber.

[0078] It should be understood that a module material
layer is a functional unit constituting a display device, and
each functional unit may be composed of a plurality of
functional layers. The module material layer may be a first
protection layer, a second protection layer, or a functional
layer in an OLED module (such as a TFT array layer, a touch
screen, a polarizer and the like). In order to distinguish
different module material layers, the qualifiers first, second
and the like are introduced in the embodiments of the present
application, such as the first module material layer 1001 and
the second module material layer 1003 and the like. For
example, when the first module material layer 1001 and the
second module material layer 1003 are the first protection
layer and the second protection layer, respectively, the strain
barrier layer 1002 between the first module material layer
1001 and the second module material layer 1003 is the
encapsulation layer 75 in the embodiment shown in FIG. 8.
The chamber 22 is corresponding to the empty groove
region 1031 in the encapsulation layer 75, the display panel
10 is disposed therein, and the elastic material layer 21
surrounding an outer periphery of the chamber 22 is corre-
sponding to an encapsulating material around the empty
groove region 1031.



US 2020/0020881 A1

[0079] In an embodiment, the chamber 22 may be filled
with gas, liquid (such as silicone oil) or may be in a vacuum
state, all of which may play a role of isolating strain.
However, when the chamber 22 is filled with the gas, the air
pressure inside and outside the chamber 22 may be balanced.
[0080] In an embodiment, the elastic material layer 21
may be composed of a material having low elastic modulus,
and the elastic modulus thereof may be from several KPa to
several tens of KPa, which is far lower than that of the first
module material layer 1001 and the second module material
layer 1003 (for example, the elastic modulus of the module
material layer in the display device is from several tens of
GPa to hundreds of GPa). Thus the deformation ability of the
elastic material layer 21 during a deformation process,
particularly when the elastic material layer 21 is subjected to
a shear stress, may be utilized to provide an effective passage
for the slip between the first module material layer 1001 and
the second module material layer 1003.

[0081] Inanembodiment, a material of the elastic material
layer 21 may be a silicone rubber. However, the present
application is not limited thereto, and the material of the
elastic material layer 21 may also be other materials having
low elastic modulus.

[0082] A strain barrier layer 1002 is disposed between a
first module material layer 1001 and a second module
material layer 1003 in a display device provided by the
embodiments of the present application. Since the strain
barrier layer 1002 can effectively block the strain of the first
module material layer 1001 and the second module material
layer 1003, the transmission of strain between the first
module material layer 1001 and the second module material
layer 1003 can be effectively prevented when a bending
deformation is occurred, and the strain of the first module
material layer 1001 and the second module material layer
1003 is reduced. Thus the bending resistance of the display
device is significantly improved and the reliability of a
product is improved.

[0083] However, it should be understood that a flexible
display module provided by the embodiments of the present
application is not limited to including only the first module
material layer 1001 and the second module material layer
1003 shown in FIG. 11, and may also include more layers of
module material layers. In addition, the strain barrier layer
1002 may be disposed between adjacent two layers of the
module material layers. The number of layers of the module
material layers, and which of adjacent module material
layers are provided with the strain barrier layer 1002, are not
specifically limited by the embodiments of the present
application.

[0084] In an embodiment of the present application, when
a final display product to be prepared is required to have a
shape of a preset curved surface (for example, a 2.5D curved
surface with a flat surface in the middle and a curved surface
in the periphery, or a 3D curved surface with a curved
surface in the middle and the periphery), a frame with the
shape of the preset curved surface may be prepared first, and
then a bendable display device provided by the embodi-
ments of the present application is installed into the frame.
The perimeter of the frame may be less than the perimeter
of the display device. Since a device itself has a bendable
property when it is a flexible display device, and when the
whole is installed in a frame with a smaller perimeter than
the whole, the whole is curved from a plane surface into a
curved surface.
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[0085] In an embodiment, installing the flexible display
device into the frame may include: attaching the frame to a
periphery of the entire flexible device in a frame-bonding
manner. In order to ensure the installation of the flexible
AMOLED panel and the ultra-thin glass more secure, an
annular groove may be provided on an inner surface of the
frame.

[0086] The depth of the annular groove is preferably 3-5
mm, so that the secure of the installation is be ensured
without making the frame too thick. The width of the annular
groove may be equal to the thickness of the flexible display
device.

[0087] A sectional shape of the annular groove may be any
one of a U shape, an arc shape and a trapezoid shape.
[0088] The above are only the preferred embodiments of
the present application, which are not intended to limit the
protection scope of the present application. Any modifica-
tions, equivalent substitutions, improvements and the like
made within the spirit and principle of the present applica-
tion should be included within the protection scope of the
present application.

What is claimed is:

1. A display device, comprising:

a substrate;

an OLED module disposed on a first surface of the

substrate; and

a tracing region disposed on a second surface of the

substrate opposite to the first surface, the tracing region
being electrically connected to the OLED module.

2. The display device according to claim 1, wherein the
substrate is made of an ultra-thin glass, and the substrate
comprises a via hole, and a circuit trace in the tracing region
is connected to the OLED module via the via hole.

3. The display device according to claim 2, further com-
prising: a bonding region disposed on the second surface of
the substrate, wherein a lead wire in the bonding region is
connected to the OLED module via the via hole.

4. The display device according to claim 1, further com-
prising a bonding region disposed on the first surface of the
substrate.

5. The display device according to claim 4, wherein the
bonding region is disposed at an edge of a short side of the
first surface of the substrate, and the tracing region is
disposed at edges of two long sides of the second surface of
the substrate.

6. The display device according to claim 1, wherein the
substrate comprises a first substrate layer and a second
substrate layer that are integrally sealed, and at least one of
the first substrate layer and the second substrate layer is
made of an ultra-thin glass.

7. The display device according to claim 6, wherein the
first substrate layer and the second substrate layer are
integrally sealed by at least one of an OCA, a barrier OCA,
an UV glue, a silicone rubber and a glass glue.

8. The display device according to claim 1, further com-
prising: a first protection layer covering the OLED module
and being integrally sealed with the substrate.

9. The display device according to claim 8, further com-
prising: a second protection layer covering the tracing region
and being integrally sealed with the substrate.

10. The display device according to claim 9, wherein a
material of one or both of the first protection layer and the
second protection layer is an ultra-thin glass, and the first
protection layer and the second protection layer are sealed
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with the substrate by at least one of an OCA, a barrier OCA,
an UV glue, a silicone rubber and a glass glue, respectively.

11. The display device according to claim 1, further
comprising: a first protection layer, a second protection layer
and an encapsulation layer disposed between the first pro-
tection layer and the second protection layer, wherein a
middle portion of the encapsulation layer comprises an
empty groove region, and the substrate and the OLED
module are disposed in the empty groove region.

12. The display device according to claim 11, wherein the
OLED module comprises a plurality of functional layers, a
strain barrier layer is disposed between adjacent ones of the
plurality of the functional layers, and the strain barrier layer
comprises a chamber and an elastic material layer surround-
ing an outer periphery of the chamber.

13. The display device according to claim 12, wherein the
empty groove region and/or the chamber is filled with gas or
liquid, and the encapsulation layer and/or the elastic material
layer is composed of a material having low elastic modulus.

14. The display device according to claim 11, wherein a
size of a bottom area of the empty groove region is larger
than that of the substrate.

15. The display device according to claim 11, wherein a
first silicone oil layer is disposed between the OLED module
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and the first protection layer, and/or, a second silicone oil
layer is disposed between the substrate and the second
protection layer.

16. The display device according to claim 11, wherein the
encapsulation layer comprises at least one air guiding
groove and a sealing material for sealing the at least one air
guiding groove.

17. The display device according to claim 1, further
comprising: a first protection layer and a second protection
layer, wherein the second protection layer is provided with
a concave groove, the substrate and the OLED module are
disposed in the concave groove, and the first protection layer
is disposed on the OLED module.

18. The display device according to claim 17, wherein the
first protection layer is located in the concave groove of the
second protection layer, and an upper surface of the first
protection layer is flat with an upper surface of the second
protection layer.

19. The display device according to claim 18, wherein a
cross-sectional area of the concave groove is larger than that
of the substrate.

20. The display device according to claim 19, wherein a
periphery of the first protection layer and sides of the
concave groove of the second protection layer are encapsu-
lated by a laser sintered glass powder process.
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