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DISPLAY PANEL AND MANUFACTURING
METHOD THEREOF

[0001] The present disclosure claims priority of Chinese
Patent Application No. 201710892083.3 filed on Sep. 27,
2017, the disclosure of which is hereby entirely incorporated
by reference as a part of the present disclosure.

TECHNICAL FIELD

[0002] Embodiments of the present disclosure relate to a
display panel and a manufacturing method thereof.

BACKGROUND

[0003] Organic Light-Emitting Display (OLED) devices
are rapidly emerging in the display field because of their
advantages of being ultra-thin, having low power consump-
tion, high brightness, high luminous efficiency, and being
applicable to flexible display or the like. But, a disadvantage
of having a short service life has always hampered their
development. Erosion of water and oxygen against OLED
devices is the main cause that affects their service life. On
one hand, the cathode of an OLED device is usually made
of a chemically active metal, which is prone to electrochemi-
cal corrosion in water-oxygen environments and causes
failure of the device. On the other hand, the light emitting
functional layer in the OLED device is easily oxidized by
oxygen, and the carbonyl compound generated by the oxi-
dation reaction is an effective quencher, which reduces the
light emitting quantum efficiency of the OLED device. At
the same time, water vapor may lead to hydrolysis of the
organic layer compounds in the OLED device, which
reduces the conductivity and results in greatly shortened
lifetime of the device.

[0004] Since OLED devices are extremely susceptible to
erosion of water and oxygen, it is strictly required that the
OLED devices should be separated from water and oxygen
in the environment to prolong the service life of the OLED
devices. In the related art, the surface of the OLED device
is generally covered by a thin film encapsulation (TFE) layer
to have it isolated from water and oxygen.

SUMMARY

[0005] At least one embodiment of the present disclosure
provides a display panel, comprising a substrate which
comprises a display region and a non-display region, and
further comprising an OLED cell provided in the display
region; a monitoring electrode provided within the non-
display region, the monitoring electrode being capable of
reacting with water and/or oxygen so that the resistance
thereof changes; and a thin film encapsulation layer at least
covering the display region and the monitoring electrode.

[0006] At least one embodiment of the present disclosure
provides a method of manufacturing the display panel as
described above, comprising: forming an OLED cell within
the display region of the substrate and forming a monitoring
electrode in the non-display region, the monitoring electrode
is provided to react with water and/or oxygen so that the
resistance thereof changes; and forming a thin film encap-
sulation layer which at least covers the display region and
the monitoring electrode.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] In order to clearly illustrate the technical solutions
of the embodiments of the disclosure, the drawings of the
embodiments will be briefly described in the following; it is
obvious that the drawings described below are only related
to some embodiments of the disclosure and thus are not
limitative of the disclosure.

[0008] FIG. 1 is an illustrative structural top view of a
display panel according to an embodiment of the present
disclosure;

[0009] FIG. 2 is an illustrative structural top view of a
display panel according to another embodiment of the
present disclosure;

[0010] FIG. 3 is a first illustrative structural sectional view
taken along the directions of A-A' and B-B' in FIG. 2;
[0011] FIG. 4 is a second illustrative structural sectional
view taken along the directions of A-A' and B-B' in FIG. 2;
[0012] FIG. 5 is an illustrative structural top view of an
evaporation mask in a method of manufacturing a display
panel according to an embodiment of the present disclosure;
[0013] FIG. 6 is an enlarged schematic view of a portion
in the dashed frame in FIG. 5;

[0014] FIG. 7 is a schematic process view for evaporating
a cathode and a metallic electrode in a method of manufac-
turing a display panel according to an embodiment of the
present disclosure; and

[0015] FIG. 8 is a process flow chart of a method of
manufacturing a display panel according to an embodiment
of the present disclosure.

REFERENCE NUMERALS
[0016] 1—substrate;
[0017] 10—Dbase substrate;
[0018] 11—planarization layer
[0019] 1la—display region;
[0020] 2—OLED cell;
[0021] 21—anode;
[0022] 21a—remaining pattern;
[0023] 22—light emitting functional layer;
[0024] 23—cathode;
[0025] 3—monitoring electrode (monitoring ring);
[0026] 31—metallic electrode;
[0027] 32—connecting electrode;
[0028] 4—test lead,
[0029] 5—binding electrode;
[0030] 6—annular barrier dam;
[0031] 7—pixel defining layer;
[0032] 8—thin film encapsulation layer;
[0033] 81—first inorganic thin film layer;
[0034] 82—organic thin film layer;
[0035] 83—second inorganic thin film layer;
[0036] 90—signal line;
[0037] 91—auxiliary barrier dam;
[0038] 92—buffer layer;
[0039] 93—gate insulation layer;
[0040] 94—interlayer insulation layer;
[0041] 100—evaporation mask;
[0042] 101—first opening area;
[0043] 102—second opening area;
[0044] 103—evaporation source.
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DETAILED DESCRIPTION

[0045] In order to make objects, technical details and
advantages of the embodiments of the disclosure apparent,
the technical solutions of the embodiment will be described
in a clearly and fully understandable way in connection with
the drawings related to the embodiments of the disclosure.
It is obvious that the described embodiments are just a part
but not all of the embodiments of the disclosure. Based on
the described embodiments herein, those skilled in the art
can obtain other embodiment(s), without any inventive
work, which should be within the scope of the disclosure.
[0046] It should be noted that unless defined otherwise, all
terms (including technical and scientific terms) used herein
have the same meaning as commonly understood by those
ordinary skilled in the art to which this disclosure pertains.
It should also be understood that terms such as those defined
in a typical dictionary should be construed as having a
meaning that is consistent with their meaning in the context
of the related art without being interpreted in an idealized or
overly formal sense unless expressly defined so herein.
[0047] Forexample, terms of “first”, “second” and the like
used in the description and the claims of the present appli-
cation are not intended to indicate sequences, amounts or
degree of importance, but are only for purpose of distin-
guishing various components. Words of “including” or
“comprising” and the like mean that an element or an article
before them contains an element/elements or an article/
articles listed thereafter, while not excluding other elements
or articles. Terms of “uppet/above”, “lower/under” and etc.
indicating orientation or positional relationship are based on
the orientation or positional relationship illustrated in the
drawings, and are merely for a simplified description of the
technical solutions of the present disclosure, other than
indicating or suggesting that the device or element referred
to must have a particular orientation, be constructed and
operated in a particular orientation, and therefore should not
be construed as limiting the present disclosure.

[0048] After the encapsulation process of the OLED
device is completed, it is difficult to detect whether the thin
film encapsulation layer is damaged and monitor the encap-
sulation effect. Thus, it is impossible to effectively detect
whether the sealing performance of the OLED display
device is good, which fails to enable a more effective sealing
protection for the OLED device.

[0049] As illustrated in FIG. 1, at least one embodiment of
the present disclosure provides a display panel comprising a
substrate 1 which comprises a display region 1a and non-
display region 15. The display panel further comprises a
plurality of OLED cells 2 provided in the display region 1a;
a monitoring electrode 3 provided on the substrate 1 and
positioned within the non-display region 15 outside the
display region la, wherein the monitoring electrode 3 can
react with water and/or oxygen so that the resistance value
thereof changes; and a thin film encapsulation layer (not
illustrated) at least covering the display region 1a and the
monitoring electrode 3.

[0050] Tt is to be noted that firstly the substrate is an array
substrate formed with a thin film transistor array layer.
[0051] Secondly, a pattern of the monitoring electrode 3 is
not limited to the ring shape having an opening as illustrated
in FIG. 1 as long as it is provided in the non-display region
15.

[0052] Thirdly, the thin film encapsulation layer is gener-
ally a pattern of a whole layer covering the display region 1a
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to seal and protect the underlying OLED cells 2 and extend-
ing to the non-display region 15 to further cover the moni-
toring electrode 3 provided in the non-display region 1.
[0053] Fourthly. the monitoring electrode 3 is extremely
sensitive to water and oxygen and undergoes oxidation
and/or peeling fracture after being eroded by water and
oxygen, resulting in a change in its resistance value.
[0054] Taking it as an example that the monitoring elec-
trode 3 comprises monolithic Al (aluminum), after the thin
film encapsulation layer is broken and there is a seal failure,
air penetrates into the monitoring electrode 3, and then the
resistance of monolithic Al rapidly increases as it reacts with
air. This process usually takes only about 50 s, its resistance
1s increased from 1558Q2 to 1946Q, and the change rate of
the resistance value is +24.9%, and then the change in the
resistance value will gradually tend to be smooth. This is
mainly because that Al is a metal having a very active
chemical property. After being exposed to air, monolithic Al
is rapidly oxidized by oxygen in the air to form a porous
oxide, Al,O,, with an increased resistance. The reaction
process is as follows:

4H*+4e”—2H,;
40H +4h*—2H,0+0,;

4A1+30,—2AL,05;

[0055] Based on the principle of change in the resistance
value, after the preparation of the above-described display
panel is completed, the resistance value of the monitoring
electrode 3 can be monitored by a corresponding cell test
device (Cell Test). After it is detected that the resistance
value of the monitoring electrode 3 is changed from a set
resistance value before the sealing of the thin film encap-
sulation layer (typically, the resistance of the monolithic
metal is relatively small compared with its oxide, and the
change is usually a rise in the resistance value), it can be
determined that the package edge of the display panel is
damaged and the sealing of the thin film encapsulation layer
is ineffective, so that the thin film encapsulation layer can be
repaired in time to prevent the defective product from
entering the subsequent process. At the same time, a cell unit
capable of monitoring the resistance value of the monitoring
electrode 3 can also be added to the control chip bound to the
display panel to monitor in real time whether the sealing
performance of the display panel during use is effective or
not.

[0056] Based on this, in the above-described display
panel, by providing a monitoring electrode having a resis-
tance value sensitive to water and oxygen in the non-display
region of the substrate, after the resistance value of the
monitoring electrode is changed, it can be indicated that the
thin film encapsulation layer covering the display region of
the substrate and the monitoring electrode is damaged. As
the magnitude of the change in the resistance of the moni-
toring electrode increases, the extent to which the periphery
of the display region in the display panel (usually the edge
of the screen) is eroded by water and oxygen can be further
indicated, thereby monitoring the lifetime of the OLED
device in the entire display panel. That is to say, when it is
detected that the entire periphery of the display region is
eroded by water and oxygen, the lifetime of the entire screen
can be predicted.

[0057] And, since the monitoring electrode is provided in
the non-display region, after the thin film encapsulation
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layer is damaged, water and oxygen in the environment
intrude into the display panel, and the resistance value
changes after the monitoring electrode reacts with water
and/or oxygen. That is to say, the material of the monitoring
electrode is very sensitive to water and oxygen, and can
absorb at least part of water and/or oxygen intruded into the
interior of the display panel, which can prevent more water
and oxygen from being intruded into the OLED cell located
further inside the display panel, and thereby further protect-
ing the OLED cell and prolonging the service life of the
display panel.

[0058] Further, in order to achieve the effect of effectively
monitoring the entire periphery of the display region, refer-
ring to FIG. 1, the monitoring electrode 3 is a monitoring
ring 3 (i.e., a monitoring line) surrounding the display region
1a. The monitoring ring 3 is provided with an opening. The
above-described display panel further comprises test leads 4
provided on the substrate 1 and connected to both ends of the
opening respectively, wherein the test leads 4 are usually
provided in the pad (wiring pad) area of the non-display
region.

[0059] Here, the monitoring ring 3 is provided with the
opening, and both ends of the opening are respectively
connected with the test leads 4, so as to form a closed circuit
for monitoring the change in resistance value of the moni-
toring ring through the test leads 4.

[0060] Further, the above-described display panel further
comprises a binding electrode 5 connected to the test leads;
and a chip bound to the binding electrode 5 for monitoring
the change of the resistance value of the monitoring ring.
[0061] Here, the chip may be a circuit structure separately
provided for monitoring the change in the resistance value of
the above-described monitoring ring 3. Alternatively, the
chip may also be a driving chip bound at the periphery of the
display region la for controlling the display panel to per-
form display, in which a resistance measuring module is
provided and is configured to measure the change of resis-
tance value of the monitoring ring 3. The embodiment of the
present disclosure does not limit the chip as long as it can
measure the change of resistance value of the monitoring
ring 3.

[0062] Further, the above-described display panel further
comprises an annular barrier dam (not illustrated in FIG. 2)
provided on the substrate 1 and surrounding the display
region la.

[0063] The position of the monitoring ring 3 can be
located on a side of the annular barrier dam 6 away from the
display region 1a as illustrated in FIG. 3; or alternatively, the
position of the monitoring ring 3 can be located on the
annular barrier dam 6 as illustrated in FIG. 4.

[0064] Referring to FIG. 3 or FIG. 4, the substrate 1 in the
above-described display panel comprises: a base substrate
10, a thin film transistor (indicated as TFT in the drawings)
disposed above the base substrate 10, and a planarization
layer 11 covering the TFT. The planarization layer 11 is
provided with a via 20, through which the drain (indicated
as D in the drawings) of the thin film transistor TFT is
exposed. The thin film transistor TFT is positioned in the
display region, and the planarization layer 11 is positioned
in the display region and extends from the periphery of the
display region to the non-display region. The OLED cell
comprises an anode 21 and a light emitting functional layer
22 and a cathode 23 along a direction away from the base
substrate 10. The anode 21 is disposed on the planarization
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layer 11 and is electrically connected to the drain D of the
thin film transistor TFT through the via 20. The above-
described display panel further comprises: a pixel defining
layer 7 disposed on the planarization layer 11 and provided
with a plurality of hollow regions, which at least correspond
to a part of the anode 21. The light emitting functional layer
22 is located in the hollow region, and the cathode 23 is
disposed on the light emitting functional layer 22. An edge
portion of the pixel defining layer 7 on the planarization
layer 11 away from the display region forms an annular
barrier dam 6.

[0065] Firstly, it should be noted that the TFT comprises
a gate (indicated as G in the drawings), an active layer
(indicated as A in the drawings), a source (indicated as S in
the drawings), and a drain D. The substrate 1 can of course
further comprise structural layers such as a buffer layer 92,
a gate insulating layer 93, and an interlayer insulating layer
94 and etc. When the base substrate 10 is a rigid substrate
such as a glass substrate or a transparent flexible substrate
such as PI (polyimide), the buffer layer can serve to isolate
the glass substrate or the transparent flexible substrate and
the active layer, and thereby preventing impurity ions in the
glass substrate or the transparent flexible substrate from
being migrated and doped into the active layer with influ-
ence of the temperature of the preparation process, and thus
affecting the performance of the TFT.

[0066] Secondly, the light emitting functional layer 22 can
further comprise structures such as a hole injection layer, a
hole barrier layer, an electron injection layer, an electron
barrier layer, and the like. Each layer can be made of organic
small molecule materials or organic polymer materials, or
can be made of inorganic materials or composite doping
materials and the like.

[0067] Thirdly, since the cathodes 23 of the respective
OLED cells receive the same signal, the cathodes 23 of the
OLED cells are integrated as an integral layer structure
covering the light emitting functional layers 22 of the OLED
cells, so as to reduce the difficulty of signal loading for the
cathodes 23, reduce the number of wiring traces in the
display panel, and increase the aperture ratio of the display
panel.

[0068] Referring to FIG. 3 or FIG. 4, the portion of the
planarization layer 11 extending to the non-display region is
generally provided with a via 30 exposing the underlying
signal line 90. In the preparation of the anode, the remaining
pattern 21a formed by the same patterning process as the
anode partially covers the signal line 90, and the other
portion contacts the cathode 23 at an edge extending to the
outside of the display region to provide the signal on the
signal line 90 to the cathode 23.

[0069] Fourthly, the thin film encapsulation layer 8 typi-
cally comprises a first inorganic thin film layer 81, an
organic thin film layer 82 and a second inorganic thin film
layer 83 sequentially away from the base substrate 10. The
first inorganic thin film layer 81 and the second inorganic
thin film layer 83 have an effect of isolating water and
oxygen, and both cover the display region and extend to the
outside of the display region to cover the annular barrier dam
6 and the monitoring ring 3. The organic thin film layer 82
has poor isolation effect against water and oxygen, and can
be configured as a connecting wrap layer, thus it only covers
the display region and extends to the edge of the display
region, and does not cover the annular barrier dam 6 and the
monitoring ring 3.
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[0070] The first inorganic thin film layer 81 and the second
inorganic thin film layer 83 are usually nitride and/or silicon
oxide layers prepared by using a CVD (Chemical Vapor
Deposition) process. The nitride and/or silicon oxide layers
having a dense structure and a stable chemical property are
used to achieve the isolation from water and oxygen in the
air.

[0071] Fifthly, the edge portion of the pixel defining layer
7 on the planarization layer 11 away from the display region
forms the annular barrier dam 6 (commonly referred to as
Dam?2). A portion 91 of the pixel defining layer 7 between
the edge portion of the pixel defining layer 7 positioned on
the planarization layer 11 away from the display region and
the portion of the pixel defining layer 7 positioned within the
display region can serve as an auxiliary barrier dam (com-
monly referred to as Dam1) to assist in blocking erosion of
water and oxygen to the interior of the display panel.

[0072] The embodiments of the present disclosure do not
limit the structures of the TFT, the buffer layer, the gate
insulating layer, the interlayer insulating layer, the signal
line, the barrier dam, and the like.

[0073] Referring to FIG. 3, the monitoring ring 3 can be
disposed on a side of the annular barrier dam 6 away from
the display region 1a, namely at the outside of the annular
barrier dam 6. The side of the annular barrier dam 6 away
from the display region 1la is close to a part of the CVD
boundary of the inorganic layer in the thin film encapsula-
tion layer. When water and oxygen start to infiltrate into the
thin film encapsulation layer, the monitoring ring 3 located
in this area can rapidly monitor the intrusion of water and
oxygen, and determine in advance whether the panel fails or
not, and thereby preventing defective products from flowing
into subsequent processes.

[0074] Referring to FIG. 4, the monitoring ring 3 can also
be arranged on the annular barrier dam 6. Since the Dam
region is relatively high in position with respect to the
remaining flat regions on the substrate 1, it is easy to be
damaged due to contact with a mask (Mask) or the like used
in the manufacturing process. Erosion of the water and
oxygen is more likely to occur after the annular barrier dam
6 is damaged. Providing the monitoring ring 3 in this area
can further monitor the damage on the barrier dam and
enable a timely feedback of panel failure.

[0075] Based on the above, referring to FIG. 2. the moni-
toring ring comprises: a plurality of metallic electrodes 31
disposed in the periphery of the non-display region 15,
configured to surround the display region, wherein any two
adjacent metallic electrodes 31 in the plurality of metallic
electrodes 31 are spaced apart at intervals; a plurality of
connecting electrodes 32 located in the non-display region
15 around the display region 1a, configured to electrically
connect two adjacent metallic electrodes 31 spaced apart at
intervals, so as to form the monitoring ring 3 provided with
an opening; wherein material of the metallic electrode 31 is
capable of reacting with water and/or oxygen so that its
resistance value is changed.

[0076] Here, it is to be noted that the cathode material in
the OLED cell is usually an active metal. In order to simplify
the overall preparation process of the display panel, the
above-described metallic electrode 31 and the cathode can
be simultaneously formed through a single patterning pro-
cess, namely, the material of the cathode is adopted to form
the metallic electrode 31.
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[0077] Since the cathode is an integral layer structure
covering the entire display region and extending to the edges
of the display region, an opening on the evaporation mask
(Mask) for forming a cathode by the evaporation process
which corresponds to a cathode to be formed is located in the
middle of the evaporation mask. If the cathode and the
above-described metallic electrode 31 are simultaneously
formed through a single patterning process, due to the
structure of the evaporation mask, the opening pattern
corresponding to the evaporated metallic electrode 31
around the opening of the display region cannot be an
annular structure connected together, otherwise the opening
in the middle of the evaporation mask would not be sup-
ported. Therefore, the openings corresponding to the metal-
lic electrodes 31 have to be spaced apart, thereby forming
the above-mentioned plurality of spaced apart metallic elec-
trodes 31 disposed in the non-display region and surround-
ing the display region.

[0078] Since the plurality of metallic electrodes 31 are
spaced apart at intervals, in order to electrically connect the
metallic electrodes 31 together, the above-mentioned moni-
toring ring further comprises a plurality of connecting
electrodes 32 spaced apart, each of which is configured to
electrically connect two adjacent metallic electrodes 31
which are spaced apart.

[0079] Relative to the substrate 1, the positions of the
connecting electrodes 32 and the metallic electrodes 31 in
the upper or in the lower are not limited, as long as the
connecting electrodes 32 can electrically connect the spaced
apart metallic electrodes 31 together.

[0080] For example, the connecting electrodes 32 can be
disposed below the metallic electrodes 31. Both ends of the
metallic electrode 31 can be overlapped on the connecting
electrode 32 to ensure a good electrical connection therebe-
tween.

[0081] The portions of the resultant monitoring ring 3 with
the opening, which are at the ends of the opening, can be the
metallic electrodes 31 and/or the connecting electrodes 32,
which is not limited by the embodiments of the disclosure,
as long as it is ensured that the monitoring ring 3 and the test
lead 4 are connected.

[0082] Further, material for the metallic electrode 31 can
be an active metal and/or a metal that is sensitive to water
and oxygen, and for example comprises at least one of Mg
(magnesium), Ga (gallium), K (potassium), Li (lithium), Al
(aluminum) and Ag (silver).

[0083] The structure of the metallic electrode 31 can be
one or more layers of metal elements, and each layer of the
metal elements is any one of the above Mg, Ga, K, Li, Al,
and Ag. Alternatively, the structure of the metallic electrode
31 can be one or more layers of alloys, and each layer of the
alloy can be formed of at least two of the above Mg, Ga, K,
Li, Al, and Ag. Or alternatively, the structure of the metallic
electrode 31 can also be a laminated structure of the above
metal element and alloy.

[0084] Further, in case that the monitoring ring is located
on a side of the annular barrier dam away from the display
region, the test leads and the connecting electrodes can be
both disposed in the same layer as the drain of the thin film
transistor and the source of the thin film transistor, and are
made of the same material as the drain and the source,
namely, formed through a single patterning process, so as to
simplify the entire preparation process of the display panel.
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[0085] Alternatively, the test leads can be disposed in the
same layer as the drain of the thin film transistor and the
source of the thin film transistor, and can be made of the
same material as the source and the drain, namely, formed
through a single patterning process; the connecting elec-
trodes can be disposed in the same layer as the anode of the
OLED cell, and can be made of the same material as the
anode of the OLED cell, namely, formed through a single
patterning process, so as to simplify the entire preparation
process of the display panel.

[0086] Here, a typical patterning process refers to a pro-
cess of using a mask once, exposing and developing of the
photoresist on the film surface, etching the film exposed by
the photoresist to form a specific pattern and removing the
photoresist.

[0087] At least one embodiment of the present disclosure
further provides a method for manufacturing the above-
mentioned display panel, which comprises: forming an
OLED cell in the display region and forming a monitoring
electrode in the non-display region; the monitoring electrode
can react with water and oxygen so as to make its resistance
value changed; forming a thin film encapsulation layer at
least covering the display region and the monitoring elec-
trode.

[0088] Further, in order to improve monitoring efficiency,
the monitoring electrode is formed as a monitoring ring
surrounding the display region; the monitoring ring is pro-
vided with an opening; and the manufacturing method
further comprises forming on the substrate test leads respec-
tively connected to both ends of the opening.

[0089] Further, forming the monitoring electrode as a
monitoring ring comprises: forming a plurality of connect-
ing electrodes spaced apart at intervals in the non-display
region; forming a plurality of metallic electrodes spaced
apart at intervals in the non-display region; each of the
plurality of connecting electrodes is configured to electri-
cally connect two adjacent spaced-apart metallic electrodes
of the plurality of metallic electrodes to form a monitoring
ring provided with an opening and surrounding the display
region; material for the metallic electrode is capable of
interacting with water and/or oxygen so as to make its
resistance value changed.

[0090] The OLED cell comprises an anode, a light-emit-
ting functional layer and a cathode in a direction away from
the substrate; the cathodes of the plurality of OLED cells are
connected together; and the cathodes and the metallic elec-
trodes are formed by a same evaporation process.

[0091] As illustrated in FIG. 5 and FIG. 6, an evaporation
mask 100 used in the evaporation process comprises a first
opening area 101 and a plurality of second opening areas
102 surrounding the first opening area 101 and spaced apart
from each other, wherein the first opening area 101 corre-
sponds to the cathode formed in the display region, the
second opening areas 102 correspond to the metallic elec-
trodes formed in the non-display region.

[0092] Thus, as illustrated in FIG. 7, metallic materials
evaporated from the evaporation source 103 are deposited
onto the substrate respectively through the first opening area
101 and the plurality of spaced-apart second opening areas
102 to form a cathode and a plurality of metallic electrodes
31 spaced apart at intervals.

[0093] Referring to FIG. 7, interval areas between the
second opening areas 102 corresponds to the connecting
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electrode 32. Both ends of the deposited metallic electrode
31 can be overlapped on the connecting electrode 32.

[0094] Forming a substrate comprises: forming a thin film
transistor on a base substrate and forming a planarization
layer on the thin film transistor; forming a via in the
planarization layer and exposing the via with the drain of the
thin film transistor exposed; the thin film transistor being
located in the display region, and the planarization layer
being located in the display region and extending to the
non-display region around the display region. Forming a
plurality of OLED cells within the display region of the
substrate and forming a monitoring electrode in the non-
display region outside the display region further comprise
forming an anode of the OLED cell on the planarization
layer, the anode being connected to the drain of the thin film
transistor through the via in the planarization layer, forming
a pixel defining layer on the planarization layer; forming a
plurality of hollow regions in the pixel defining layer, and
the plurality of hollow regions exposing at least a part of the
anode; forming a light emitting functional layer in each of
the plurality of hollow regions and forming a cathode on the
light emitting functional layer; an edge of the pixel defining
layer on the planarization layer away from the display region
forming an annular barrier dam; the monitoring ring being
located on a side of the annular barrier dam away from the
display region, or the monitoring ring being located on the
annular barrier dam.

[0095] In case that the monitoring ring is located on a side
of the annular barrier dam away from the display region, the
test leads and the connecting electrodes can be both disposed
in the same layer as the drain of the thin film transistor and
the source of the thin film transistor, and are made of the
same material as the source and the drain, namely, formed
through a single patterning process, so as to simplify the
entire preparation process of the display panel.

[0096] Alternatively, the test leads can be disposed in the
same layer as the drain of the thin film transistor and the
source of the thin film transistor, and can be made of the
same material as the source and the drain, namely, formed
through a single patterning process; the connecting elec-
trodes can be disposed in the same layer as the anode of the
OLED cell, and can be made of the same material as the
anode of the OLED cell, namely, formed through a single
patterning process, so as to simplify the entire preparation
process of the display panel.

[0097] Next, a process flow is provided by taking it as an
example that the monitoring ring is located on a side of the
annular barrier dam away from the display region. As
illustrated in FIG. 8, the process flow of the above-described
display panel is as follows.

[0098] Step S1: fabricating a substrate and an anode, and
using metal of Data signal layer to make connecting elec-
trodes and test leads.

[0099] The above-mentioned substrate is an array sub-
strate (Array). The metal of Data layer forms a metal layer
comprising a structure such as a data line, a source and a
drain of a TFT. When the gate of the TFT is positioned above
the source and the drain with respect to the base substrate,
the above-described test leads can be fabricated by a gate
metal (metal of Gate layer).

[0100] By the above Step S1, an anode disposed within the
display region of the substrate and corresponding to each
OLED cell, a plurality of connecting electrodes located
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around the display region and spaced apart at intervals, and
test leads leading to the Pad area are formed.

[0101] And then, a pixel defining layer can be formed on
the substrate, and a hollow region of the pixel defining layer
exposes at least a part of the underlying anode 21.

[0102] Step S2: evaporating the light emitting functional
layer.
[0103] The process can follow the processes in related

technologies and will not be elaborated here.

[0104] Step S3: evaporating metallic cathodes and metal-
lic electrodes (opening areas for the metallic electrodes
arranged along the edge of the Mask).

[0105] As for the evaporation process, FIG. 5 to FIG. 7
can be refereed to. The detailed description is omitted here.
[0106] Through Step S1 and Step S3 described above, a
monitoring ring with an opening formed of a metallic
electrode and a connecting electrode serving as an over-
lapped electrode is formed. Both ends of the opening of the
monitoring ring are respectively connected to the test leads
to monitor the change in the resistance value of the moni-
toring ring.

[0107] Step S4: perform a packaging process and a cell
process.
[0108] The thin film encapsulation layer at least covers the

display regions and the monitoring ring. Other processes of
the cell such as binding can use the technology in the related
art and will not be elaborated here.

[0109] Step S5: monitoring the change in resistance by
hardware.
[0110] Based on the principle of change in the resistance

value, after the preparation of the above-described display
panel is completed (i.e., after a flow sheet is prepared), the
resistance value of the monitoring electrode 3 can be moni-
tored by a corresponding cell test device (Cell Test). After it
is detected that the resistance value of the monitoring ring is
changed from a set resistance value before the sealing of the
thin film encapsulation layer, it can be determined that the
package edge of the display panel is damaged and the
sealing of the thin film encapsulation layer is ineffective, so
that the thin film encapsulation layer can be repaired to
prevent the defective product from entering the subsequent
process. At the same time, a cell unit capable of monitoring
the resistance value of the monitoring ring can also be added
to the control chip bound to the display panel to monitor in
real time the sealing performance of the display panel during
subsequent use.

[0111] The foregoing are merely exemplary embodiments
of the disclosure, but are not used to limit the protection
scope of the disclosure. The protection scope of the disclo-
sure shall be defined by the attached claims.

1. A display panel, comprising a substrate which com-
prises a display region and a non-display region, and further
comprising an OLED cell provided in the display region,
wherein the display panel further comprises:

a monitoring electrode provided within the non-display
region, the monitoring electrode being capable of react-
ing with water and/or oxygen so that the resistance
thereof changes; and

a thin film encapsulation layer at least covering the
display region and the monitoring electrode.

2. The display panel according to claim 1, wherein the
monitoring electrode is provided as a monitoring ring with
an opening thereon, the monitoring ring is arranged to
surround the display region;
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the display panel further comprises a test lead provided on
the substrate and connected to both ends of the opening
respectively.

3. The display panel according to claim 2, wherein the
monitoring ring comprises:

a plurality of metallic electrodes spaced apart; and

a plurality of connecting electrodes, each of which is

configured to connect together two adjacent metallic
electrodes spaced apart, so as to form the monitoring
ring provided with the opening;

wherein material for the metallic electrode is capable of

reacting with water and/or oxygen so as to make its
resistance value changed.

4. The display panel according to claim 3, wherein the
metallic electrodes are formed into a structure of one or
more layers, and the material thereof comprises at least one
of Mg, Ga, K, Li, Al, and Ag.

5. The display panel according to claim 2, wherein the
display panel further comprises an annular barrier dam
provided on the substrate and surrounding the display
region; the monitoring ring is located on a side of the annular
barrier dam away from the display region, or, the monitoring
ring is located on the annular barrier dam.

6. The display panel according to claim 5, further com-
prising a thin film transistor provided in the display region
and a planarization layer providing on the thin film transistor
and extending to the non-display region, the planarization
layer being provided with a via, through which a drain of the
thin film transistor is exposed;

wherein the OLED cell comprises an anode, a light

emitting functional layer, and a cathode which are
sequentially away from the substrate; the anode is
disposed on the planarization layer and is electrically
connected to the drain of the thin film transistor through
the via;

the display panel further comprises a pixel defining layer

disposed on the planarization layer and having a hollow
region; the hollow region corresponds to at least a part
of the anode; and the light emitting functional layer is
located in the hollow region; and

an edge portion of the pixel defining layer on the pla-

narization layer away from the display region forms the
annular barrier dam.

7. The display panel according to claim 5, wherein the
thin film encapsulation layer comprises a first inorganic thin
film layer, an organic thin film layer and a second inorganic
thin film layer which are sequentially away from the sub-
strate;

wherein the first inorganic thin film layer and the second

inorganic thin film layer both cover the display region
and extend to the non-display region so as to cover the
annular barrier dam and the monitoring ring; and

the organic thin film layer covers the display region and

extends to an edge of the display region.

8. A method of manufacturing the display panel according
to claim 1. comprising:

forming an OLED cell within the display region of the

substrate and forming a monitoring electrode in the
non-display region, the monitoring electrode is pro-
vided to react with water and/or oxygen so that the
resistance thereof changes; and

forming a thin film encapsulation layer which at least

covers the display region and the monitoring electrode.
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9. The method according to claim 8, wherein forming a
monitoring electrode comprises:

forming a plurality of connecting electrodes spaced apart

around the display region;

forming a plurality of metallic electrodes spaced apart

around the display region;

the plurality of metallic electrodes spaced apart are con-

nected together by the plurality of connecting elec-
trodes spaced apart so as to form a monitoring ring
provided with an opening;

wherein material for the metallic electrodes is capable of

interacting with water and/or oxygen so as to make its
resistance value changed.

10. The method according to claim 9, further comprising
forming on the substrate a test lead connected with both ends
of the opening respectively.

11. The method according to claim 8, wherein forming the
OLED cell within the display region of the substrate com-
prises:

forming a plurality of OLED cells within the display

region, and sequentially forming an anode, a light
emitting functional layer and a cathode of the plurality
of OLED cells;

wherein the cathode and the metallic electrode are formed

through a single evaporation process and the cathodes
of the plurality of OLED cells are integrally formed.

12. The method according to claim 11, wherein an evapo-
ration mask used in the evaporation process comprises a first
opening area and a plurality of second opening areas sur-
rounding the first opening area and spaced apart,

metallic materials evaporated from an evaporation source

are deposited onto the substrate respectively through
the first opening areca and the plurality of second
opening areas spaced apart at intervals to form the
cathode and the plurality of metallic electrodes spaced
apart at intervals.
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13. The method according to claim 9, further comprising
forming a thin film transistor within the display region and
forming on the thin film transistor a planarization layer
extending around the display region; forming in the pla-
narization layer a via exposing a drain of the thin film
transistor;

forming an OLED cell within the display region of the

substrate and forming a monitoring electrode in the
non-display region further comprise:

forming an anode and a pixel defining layer on the

planarization layer; forming in the pixel defining layer
a plurality of hollow regions which expose at least a
part of the anode;

the anode being electrically connected to the drain of the

thin film transistor through the via, forming a light
emitting functional layer in the hollow regions and
forming a cathode on the light emitting functional
layer; an edge of the pixel defining layer on the
planarization layer away from the display region form-
ing an annular barrier dam;

the monitoring ring being located on a side of the annular

barrier dam away from the display region, or the
monitoring ring being located on the annular barrier
dam;

wherein in case that the monitoring ring is located on a

side of the annular barrier dam away from the display
region,

the test lead and the connecting electrodes are both

formed through a single patterning process together
with the drain of the thin film transistor and the source
of the thin film transistor, or

the test lead is formed through a single patterning process

together with the drain of the thin film transistor and the
source of the thin film transistor, and the connecting
electrodes are formed through a single patterning pro-
cess together with the anode.

I S I
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