US 20160301027A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2016/0301027 Al

Wang et al. (43) Pub, Date: Oct, 13, 2016
(54) OLED DISPLAY PANEL, METHOD FOR HOIL 51/56 (2006.01)
MANUFACTURING THE SAME AND G09G 3/3275 (2006.01)
DISPLAY APPARATUS HOIL 51/52 (2006.01)
HO1L 27/32 (2006.01)
(71)  Applicant: BOE Technology Group Co., Ltd., (52) US. CL
Beijing (CN) CPC ......... HOIL 51/5044 (2013.01); HOIL 51/525
. o (2013.01); HOIL 51/5271 (2013.01); HO1IL
(72) Inventors: Shang V\ang, Bel]lng (CN), Wei an, 27/3244 (201301)’ HOIL 5156 (201301)’
Beijing (CN) HOIL 51/5246 (2013.01); GO9G 3/3275
73)  Assience: BOE Technolosy G Co.. Ltd. (2013.01); GO9G 3/3225 (2013.01); HOIL
(73) - Assignee Beii mge(ccfl;’ 08y Troup L0 LG 2227/323 (2013.01); GO9G 2310/08 (2013.01);
GO9G 2320/0209 (2013.01); GO9G 2320/0626
(21) Appl. No.:  14/436,623 (2013.01)
(22) PCT Filed: Aug. 26, 2014 7) ABSTRACT
(86) PCT No.: PCT/CN2014/085169
Disclosed is an OLED display panel, a method for manu-
§ 371 (e)(D), facturing the same, and a display apparatus. The OLED
(2) Date: Apr. 17,2015 display panel comprises a substrate and a light emitting
. . . . structure including a plurality of sets of light emitting units
(30) Foreign Application Priority Data sequentially arranged on the substrate side by side, each set
Mar. 5, 2014 (CN) oo, 2014100789012 ©F light emitting units including a first light emitting unit, a
second light emitting unit and a third light emitting unit. In
Publication Classification each set of light emitting units, at least two of the first,
second and third light emitting units are located in different
(51) Imt. CL layers. The OLED display panel and the display apparatus
HOIL 51/50 (2006.01) can reduce signal attenuation and crosstalk between different
G09G 3/3225 (2006.01) signals.

veflei el
h|

BTt

IIIIY

P \ \ ot .\.
501 502 503
50




Patent Application Publication  Oct. 13,2016 Sheet 1 of 4 US 2016/0301027 A1

501 502 503
-
50

Fig. 1

¥ 1 Y
501 502 503 40
-~
50

Fig. 2

501 502 503 40
-~
50

Fig. 3



Patent Application Publication  Oct. 13,2016 Sheet 2 of 4 US 2016/0301027 A1

EONNN

v \
501 502 503 40
U —
50
Fig. 4
A A A A A A A A A

SRR S — )]

i




Patent Application Publication  Oct. 13,2016 Sheet 3 of 4 US 2016/0301027 A1

o

! , :
501 502 503 60 40
\______ﬁ_\/._____.__/

50

\ \
501 502 503 60 40
| —
50
Fig. 8
80 —~ §02
- 4
- data driving
lnputlf TCON circuit =

[

901 2
M gate | 3 Ree Y
» & - = -
driving - : 10
circuit




Patent Application Publication  Oct. 13,2016 Sheet 4 of 4 US 2016/0301027 A1

80 902
. ‘ data drivin
input HTCON cireuit
o01 ] ‘ '
\] gate
driving
circuit
Fig. 9 (b)
Data 3 Data 2 Data 1
TR
] 1]
901 Gatel ———1 H
al .
4 Rline  _[L R Gatel z : : ; 7’
q ga!:e L [ Bline L B Gatel I .
rving Gline [ GGatel ! !0 A
circuit o1 -
e D [ L4
Gate 2 IR
. e
/’902 R Gatel 1 11 1.
! RData Sl BGawe2 11 11 1]
data | LU [ BDae L Ggawer ! H !
driving GData  _T71 N
circuit Gate 3 ﬂ : : : :
R Gate3 ‘b : : : :
B Gate3 ff_ !l : : :
G Gatel i | i L

Fig. 10



US 2016/0301027 A1l

OLED DISPLAY PANEL, METHOD FOR
MANUFACTURING THE SAME AND
DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This Application is a Section 371 National Stage
Application of International Application No. PCT/CN2014/
85169, filed Aug. 26, 2014, which has not yet published,
which claims priority to Chinese Patent Application No.
201410078901.2, filed Mar. 5, 2014, in Chinese, the con-
tents of which are hereby incorporated by reference in their
entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Embodiments of the present invention generally
relate to field of display technique, in particular, to an
Organic Light Emitting Diode (OLED) display panel, a
method for manufacturing the same and a display apparatus.
[0004] 2. Description of the Related Art

[0005] An Organic Light Emitting Diode (OLED) has
been widely used in a display apparatus due to its rapid
response, brilliant color, lightweight and convenience, wide
operating range and the like. However, for a large-size
display panel, high resolution thereof would result in a too
large loading of a driving circuit for driving the display
panel, which may lead to serious signal attenuation. When a
signal is attenuated to a certain extent, distortion of images
would occur, thus affecting display effect.

[0006] The loading of the driving circuit mainly depends
on resistances and capacitances. Contribution of the resis-
tances to the loading of the driving circuit is mainly from
materials and width of lines. Based on limits to the existing
technology, both the materials and width of the lines are
determined as factors in generation of the loading. Contri-
bution of the capacitances to the loading of the driving
circuit is from a coupling capacitance between the lines or
between the lines and electrodes, in particular, from a direct
overlapping between a gate line and a data line. The more
the overlapping portions, the greater the coupling capaci-
tance is, which may result in greater signal attenuation. In
addition, due to the generation of the coupling capacitance,
a crosstalk would be generated between different signals,
thus impacting a display effect.

[0007] Specifically, as shown in FIG. 1, an OLED display
panel in the prior art may comprises a substrate 10, a
packaging substrate 30 and a light emitting structure 50
located between the substrate 10 and the packaging substrate
30. The light emitting structure 50 includes a plurality of first
light emitting units 501, a plurality of second light emitting
units 502 and a plurality of third light emitting units 503
which are disposed in the same layer and alternatively
arranged in a direction parallel to the substrate 10 periodi-
cally. Based on this structure, both a thin film transistor and
a circuit structure corresponding to each the light emitting
unit are disposed on the substrate 10. Thus, the greater
coupling capacitance may be generated between the over-
lapped lines, for example, between a gate line and a data line
of the thin film transistor, thereby resulting in the signal
attenuation. At the same time, the generation of the coupling
capacitance would result in the crosstalk between the dif-
ferent signals, thereby impacting the display effect.
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SUMMARY OF THE INVENTION

[0008] Inorder to overcome or alleviate at least one aspect
of the above mentioned disadvantages, embodiments of the
present invention provides an OLED display panel, a
method for manufacturing the same and a display apparatus,
which may reduce signal attenuation and crosstalk between
different signals.

[0009] According to an aspect of embodiments of the
present invention, there is provided an OLED display panel
comprising a substrate; and a light emitting structure includ-
ing a plurality of sets of light emitting units sequentially
arranged on the substrate side by side, each set of light
emitting units including a first light emitting unit, a second
light emitting unit and a third light emitting unit, wherein, in
each set of light emitting units, at least two of the first,
second and third light emitting units are located in different
layers.

[0010] The OLED display panel as described above fur-
ther comprises a transparent substrate disposed above the
substrate, and the second and third light emitting units are
disposed between the substrate and the transparent substrate.
[0011] Inthe OLED display panel as described above, the
second light emitting unit is disposed in the same layer as the
third light emitting unit in a thickness direction between the
transparent substrate and the substrate.

[0012] In the OLED display panel as described above, the
second light emitting unit is disposed in a different layer
from the third light emitting unit in a thickness direction
between the transparent substrate and the substrate.

[0013] The OLED display panel as described above fur-
ther comprises a support structure disposed between the
substrate and the transparent substrate and being in contact
with both the substrate and the transparent substrate, the
support structure is disposed to be aligned with the first light
emitting unit in a thickness direction.

[0014] In the OLED display panel as described above, a
surface of the support structure is covered with a material
having light reflecting characteristic.

[0015] 1In the OLED display panel as described above, the
support structure has a truncated pyramid structure, and an
area of a surface of the support structure contacting with the
transparent substrate is smaller than that of a surface of the
support structures contacting with the substrate.

[0016] The OLED display panel as described above fur-
ther comprises a transparent substrate disposed above the
substrate, the first and second light emitting units are dis-
posed on a surface of the transparent substrate facing away
from the substrate, and the third light emitting unit is
disposed between the substrate and the transparent substrate.
[0017] In the OLED display panel as described above,
each the light emitting unit has a main light emitting region
and a dim region located around the main light emitting
region, and the dim regions of any two adjacent light
emitting units located in different layers are overlapped with
each other.

[0018] In the OLED display panel as described above, in
the plurality of sets of the light units, gaps between the
adjacent first light emitting units, between the adjacent
second light emitting units, and between the adjacent third
light emitting units are filled with transparent resins, respec-
tively.

[0019] According to another aspect of embodiments of the
present invention, there is provided a display apparatus
comprising the OLED display panel as described above and
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a driving device configured to drive the first light emitting
unit, the second light emitting unit and the third light
emitting unit to emit lights, respectively.

[0020] According to another aspect of embodiments of the
present invention, there is provided a method for manufac-
turing an OLED display panel comprising steps of: provid-
ing a transparent substrate and a substrate; forming a plu-
rality of spaced first light emitting units on a first side of the
transparent substrate; forming a plurality of spaced second
light emitting units on the first side, a second side of the
transparent substrate or the substrate; forming a plurality of
spaced third light emitting units on the substrate; assembling
the substrate with the transparent substrate together, so that
the first light emitting units are located on one side of the
transparent substrate facing away from the substrate, the
third light emitting units are located between the substrate
and the transparent substrate, and the first light emitting unit,
the second light emitting unit and the third light emitting unit
of each set of light emitting units are sequentially arranged
in a direction parallel to the substrate.

[0021] In the OLED display panel, the method for manu-
facturing the same and the display apparatus according to
the embodiments of the present invention, it is possible to
incompletely provide the film transistor and the circuit
structure corresponding to each of the light emitting units in
the same layer by incompletely providing the first light
emitting unit, the second light emitting umt and the third
light emitting unit of each set of light emitting units in the
same layer. In this way, it is possible to effectively reduce
overlapping between lines corresponding to three different
light emitting units of each set of light emitting units.
[0022] Specifically, the circuit structure corresponding to
the first light emitting unit may only include a gate line for
controlling each row and a data line for controlling the first
light emitting unit, the circuit structure corresponding to the
second light emitting unit may only include a gate line for
controlling each row and a data line for controlling the
second light emitting unit, and the circuit structure corre-
sponding to the third light emitting unit 503 may only
include a gate line for controlling each row and a data line
for controlling the third light emitting unit. Since the film
transistors and the circuit structures respectively corre-
sponding the first light emitting unit, the second light
emitting unit and the third light emitting unit are incom-
pletely disposed in the same layer, the OLED display panel
according to the embodiments of the present invention may
effectively reduce the overlapping between the lines, for
example, between the gate line and the data line of the thin
film transistor, thereby reducing coupling capacitance and
signal attenuation. At the same time, it is also possible to
reduce crosstalk between different signals, thereby improv-
ing display effect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The above and other features of the present inven-
tion will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
accompanying drawings, in which:

[0024] FIG. 1 is a partial cross-section view of an OLED
display panel in the prior art;

[0025] FIG. 2 is a partial cross-section view of an OLED
display panel according to a first exemplary embodiment of
the present invention;
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[0026] FIG. 3 is a partial cross-section view of an OLED
display panel according to a second exemplary embodiment
of the present invention;

[0027] FIG. 4 is a partial cross-section view of an OLED
display panel according to a third exemplary embodiment of
the present invention;

[0028] FIG. 5 is a partial cross-section view of a set of
light-emitting units of the OLED display panel as shown in
FIG. 4 according to an exemplary embodiment;

[0029] FIG. 6 is a partial cross-section view of an OLED
display apparatus according to an exemplary embodiment of
the present invention;

[0030] FIG. 7 is a partial cross-section view of an OLED
display panel according to a fourth exemplary embodiment
of the present invention;

[0031] FIG. 8 is a partial cross-section view of an OLED
display panel according to a fifth exemplary embodiment of
the present invention;

[0032] FIG. 9 () is a principle block diagram of a screen
scanning circuit according to an exemplary embodiment of
applied on the OLED display panel of the embodiments of
the present invention;

[0033] FIG. 9 (9) is a principle block diagram of a screen
scanning circuit applied on the OLED display panel in the
prior art; and

[0034] FIG. 10 is a signal input timing diagram of the
screen scanning circuit as shown in FIG. 9(a).

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

[0035] In order to completely understand the technical
solution of the present invention, exemplary embodiments
of the present disclosure will be described hereinafter in
detail with reference to the attached drawings. Obviously,
the described embodiments are merely part of the embodi-
ments of the present invention, rather than all of the embodi-
ments of the present invention. Based on the embodiments
of the present invention, other embodiments acquired by the
person skilled in the art without any inventive effort will be
within the protection scope of the present invention.
[0036] Inaddition, in the below detail description, for easy
to explain, many specific details are set forth to provide a
complete understanding to the disclosure. However, one or
more embodiments can be obviously implemented without
these specific details. In other cases, well-known structures
and devices are illustrated to simplify the drawings.
[0037] According to the general inventive concept of the
present invention, there is provided an Organic Light Emit-
ting Diode (OLED) display panel comprising a substrate and
a light emitting structure. The light emitting structure
includes a plurality of sets of light emitting units sequen-
tially arranged on the substrate side by side. Each set of light
emitting units includes a first light emitting unit, a second
light emitting unit and a third light emitting unit. In each set
of light emitting units, at least two of the first, second third
light emitting units are located in different layers.

[0038] FIGS. 2 to 4 is partial cross-section views of OLED
display panels according to exemplary embodiments of the
present invention. As shown in FIGS. 2 to 4, the OLED
display panel comprises a substrate 10 and a light emitting
structure 50. The light emitting structure 50 includes a
plurality of sets of light emitting units sequentially arranged
on the substrate 10 side by side in a direction paralle] thereto.
Each set of light emitting units includes a first light emitting
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unit 501, a second light emitting unit 502 and a third light
emitting unit 503. In each set of light emitting units, at least
two of the first light emitting unit 501, the second light
emitting unit 502 and the third light emitting unit 503 are
located in different layers. That is, the light emitting struc-
ture 50 includes a plurality of spaced first light emitting unit
501, a plurality of spaced second light emitting unit 502 and
a plurality of spaced third light emitting unit 503. One first
light emitting unit 501, one second light emitting unit 502
and one third light emitting unit 503 are sequentially
arranged to form one set of light emitting units so that the
plurality of first light emitting units 501, the plurality of
second light emitting units 502 and the plurality of third light
emitting units 503 are periodically arranged.

[0039] In the OLED display panel according to the
embodiments of the present invention, since at least two of
the first light emitting unit 501, the second light emitting unit
502 and the third light emitting unit 503 are located in
different layers, a gap is necessarily formed between the
adjacent first light emitting units 501, between the adjacent
second light emitting units 502 as well as between the
adjacent third light emitting units 503, respectively. In order
to ensure flatness and water and oxygen resistance of the
OLED display panel, the gap between the plurality of light
emitting units are needed to be filled, and a filling material
should be transparent.

[0040] In the plurality of sets of light emitting units, the
first light emitting unit 501, the second light emitting unit
502 and the third light emitting unit 503 are arranged in a
periodical array. The first light emitting unit 501, the second
light emitting unit 502 and the third light emitting unit 503
may be in correspondence to one of a red light emitting unit,
a green light emitting unit and a blue light emitting unit
respectively, and their specific corresponding relationships
are not limited herein.

[0041] At least two of the first light emitting unit 501, the
second light emitting unit 502 and the third light emitting
unit 503 of each set of light emitting units are located in
different layers, as illustrated in FIG. 5, each layer may
include a cathode and an anode for forming a complete light
emitting unit, and a light emitting member located between
the cathode and the anode.

[0042] The OLED display panel of the embodiments of
the present invention may comprise a plurality of pixel units
arranged in an array, each of which corresponds to the
plurality of sets of light emitting units. In this way, a thin
film transistor and a circuit structure corresponding to each
the light emitting unit may be disposed between each light
emitting unit and a back panel. Here, the back panel refers
to a substrate for providing the thin film transistor and the
circuit structure thereon. For example, in the case as shown
in FIG. 2, the thin film transistor corresponding to the first
light emitting unit 501 and the thin film transistor corre-
sponding to the second light emitting unit 502 may be
disposed between the corresponding light emitting unit and
a transparent substrate 20, and the thin film transistor
corresponding to the third light emitting unit 503 may be
disposed between the third light emitting unit 503 and the
substrate 10.

[0043] In the OLED display panel according to the
embodiments of the present invention, all of light paths of
the first light emitting unit 501, the second light emitting unit
502 and the third light emitting unit 503 may be provided as
a top-emitting or a bottom-emitting type. Of course, the light
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paths may be provided as a double-side-emitting type.
Accordingly, the specific light path of each light emitting
unit should be determined according to the actual type of the
OLED display panel and the specific position of each light
emitting unit. The top-emitting type means that a light
emitting direction directs away from the back panel side, and
the bottom emitting type means that the light emitting
direction directs toward the back panel side, and the double-
side emitting type means that the light emitting direction
includes two directions which are the light emitting direction
directing away from the back panel side and the light
emitting direction directing toward the back panel side.

[0044] In the OLED display panel according to the
embodiments of the present invention, it is possible to
incompletely (or partly) provide the film transistor and the
circuit structure corresponding to each set of light emitting
units in the same layer by incompletely providing the first
light emitting unit 501, the second light emitting unit 502
and the third light emitting unit 503 of each set of light
emitting units in the same layer. In this way, it is possible to
effectively reduce overlapping between lines corresponding
to three different light emitting units of each set of light
emitting units. Specifically, the circuit structure correspond-
ing to the first light emitting unit 501 may only include a gate
line for controlling each row and a data line for controlling
the first light emitting unit 501, the circuit structure corre-
sponding to the second light emitting unit 502 may only
include a gate line for controlling each row and a data line
for controlling the second light emitting unit 502, and the
circuit structure corresponding to the third light emitting unit
503 may only include a gate line for controlling each row
and a data line for controlling the third light emitting umt
503. Since the film transistors and the circuit structures
respectively corresponding the first light emitting unit, the
second light emitting unit and the third light emitting unit are
incompletely disposed in the same layer, the OLED display
panel according to the embodiments of the present invention
may effectively reduce the overlapping between the lines,
for example, between the gate line and the data line of the
thin film transistor, thereby reducing coupling capacitance
and signal attenuation. At the same time, it is also possible
to reduce crosstalk between different signals, thereby
improving display effect.

[0045] FIG. 2 is a partial cross-section view of an OLED
display panel according to a first exemplary embodiment of
the present invention. Referring to FIG. 2, the OLED display
panel further comprises a transparent substrate 20 disposed
above the substrate 10. The first light emitting unit 501 and
the second light emitting unit 502 are disposed on a surface
on one side of the transparent substrate 20 facing away from
the substrate 10 and are adjacent to each other, and the third
light emitting unit 503 is disposed between the substrate 10
and the transparent substrate 20.

[0046] OLED display panels according to second and third
exemplary embodiments of the present invention as shown
in FIGS. 3 and 4 may comprise a transparent substrate 20
disposed above the substrate 10. In each set of light emitting
units, a first light emitting unit 501 is disposed on a surface
on one side of the transparent substrate 20 facing away from
the substrate 10, a second light emitting unit 502 and a third
light emitting unit 503 are disposed between the substrate 10
and the transparent substrate 20. More particularly, in the
embodiment as shown in FIG. 3, the second light emitting
unit 502 and the third light emitting unit 503 are disposed on
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the same layer in a thickness direction between the substrate
10 and the transparent substrate 20. In the embodiment as
shown in FIG. 4, the second light emitting unit 502 is
disposed on a different layer from the third light emitting
unit 503 in the thickness direction between the substrate 10
and the transparent substrate 20.

[0047] In various embodiments as described above, both
the substrate 10 and the transparent substrate 20 may be
made of glass or flexible materials to support the light
emitting units and circuits thereof.

[0048] Specifically, when the light emitting unit is dis-
posed on the substrate 10, the thin film transistor and the
circuit structure corresponding to the light emitting unit may
be disposed between the light emitting unit and the substrate
10. In this case, the substrate 10 is used as the back panel of
the light emitting unit. When the light emitting unit is
disposed on the transparent substrate 20, the thin film
transistor and the circuit structure corresponding to the light
emitting unit may be disposed between the light emitting
unit and the transparent substrate 20. In this case, the
transparent substrate 20 is used as the back panel of the light
emitting unit.

[0049] According to the embodiments of the present
invention, the second light emitting unit 502 may be dis-
posed on the substrate 10 or the transparent substrate 20.
Specifically, as illustrated in FIG. 3, the second light emit-
ting units 502 may be disposed on the substrate 10. As
illustrated in FIG. 4, the second light emitting units 502 may
be disposed on the surface on the one side of the transparent
substrate 20 facing with the substrate 10. As shown in FIG.
2, the second light emitting units 502 may be disposed on the
surface on the one side of the transparent substrate 20 facing
away from the substrate 10.

[0050] Therefore, in the OLED display panel according to
the embodiments of the present invention, the thin film
transistors and circuit structures corresponding to different
light emitting units may be disposed on the back panels
which are not identical, so that the overlapping between
lines, for example, between the gate line and the data line of
the thin film transistor, on the same back panel may be
reduced in a certain extent to reduce the coupling capaci-
tance, thereby reducing the signal attenuation. At the same
time, it is also possible to reduce the crosstalk between the
different signals.

[0051] In the OLED display panel as shown in FIG. 4, the
thin film transistor and the circuit structure corresponding to
the first light emitting unit 501 may be disposed between the
first light emitting unit 501 and the transparent substrate 20,
i.e., on an upper surface of the transparent substrate 20. The
thin film transistor and the circuit structure corresponding to
the second light emitting unit 502 may be disposed between
the second light emitting units 502 and the transparent
substrate 20, ie., on a lower surface of the transparent
substrate 20. The thin film transistor and the circuit structure
corresponding to the third light emitting units 503 may be
disposed between the third light emitting units 503 and the
substrate 10, i.e., on an upper surface of the substrate 10.

[0052] In this way, the thin film transistors and the circuit
structures corresponding to the first light emitting unit 501,
the second light emitting unit 502 and the third light emitting
unit 503 may be located in different back panels respec-
tively, so that the coupling capacitance among the lines
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thereof will be significantly reduced, thereby significantly
reducing the signal attenuation while reducing the crosstalk
between the different signals.

[0053] Considering actual application of the display panel,
as illustrated in FIG. 6, the OLED display panel may further
comprise a package substrate 30 disposed opposite to the
substrate 10. The package substrate 30 and the substrate 10
are cooperated to form a frame of the OLED display panel.
Further, frame sealing adhesives 70 are disposed between
the substrate 10 and the package substrate 30 as well as
between the transparent substrate 20 and the package sub-
strate 30.

[0054] In this case, light transmission of the substrate 10
and the package substrate 30 may be determined according
to the specific type of the OLED display panel. For example,
when the OLED display panel is provided as a single-side
light emitting display panel, the substrate, such as the
package substrate 30 or the substrate 10, located on a light
emitting side should have a good light transmission. In this
case, the light paths of the first light emitting unit 501, the
second light emitting unit 502 and the third light emitting
unit 503 may be correspondingly set as the top-emitting type
or the bottom-emitting type. In another case, when the
OLED display panel is provided as a double-side light
emitting display panel, both the substrates, such as the
package substrate 30 and the substrate 10, located on both
sides should have good light transmissions. In this case, the
light paths of the first light emitting unit 501, the second
light emitting unit 502 and the third light emitting unit 503
may be correspondingly set as the double-side-emitting
type.

[0055] An OLED display panel according to a fourth
exemplary embodiment of the present invention as shown in
FIG. 7 is a modification of the OLED display panel accord-
ing to the third exemplary embodiment of the present
invention as shown in FIG. 4. The OLED display panel
according to the fourth exemplary embodiment of the pres-
ent invention may further comprise a support structure 60
disposed between the substrate 10 and the transparent sub-
strate 20 and be in contact with both the substrate 10 and the
transparent substrate 20. The support structure 60 may be
disposed to be aligned with the first light emitting unit 501
in the thickness direction.

[0056] Here, a surface of the support structure 60 is
covered with a material having light reflecting characteristic,
for example, a metal material such as one of gold, copper,
molybdenum.

[0057] Further, the support structure 60 may be provided
as a truncated pyramid structure, and an area of a surface of
the support structure 60 contacting with the transparent
substrate 20 (the upper surface in FIG. 7) is smaller than that
of a surface of the support structures 60 contacting with the
substrate 10 (the lower surface in FIG. 7).

[0058] It is possible to ensure the uniform flatness of the
OLED display panel by providing the support structure 60
and allowing a thickness of the support structure 60 to be
equal to that of the light emitting structure between the
transparent substrate 20 and the substrate 10.

[0059] Furthermore, since the surface of the support struc-
ture 60 is covered with the material having the light reflect-
ing characteristic and the support structure 60 is provided as
the truncated pyramid structure, a light emitted from the
light emitting unit will be re-emitted through reflection when
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being incident on the surface of the support structure 60,
thereby improving utilization of the light.

[0060] In the plurality of sets of light emitting units, since
the plurality of first light emitting units 501 are separately
arranged with an interval, the plurality of second light
emitting units 502 are separately arranged with an interval,
the plurality of third light emitting units 503 are separately
arranged with an interval, and at least two of first light
emitting unit 501, the second light emitting unit 502 and the
third emitting unit 503 are located in the different layers,
gaps are necessarily formed between the adjacent first light
emitting units 501, between the adjacent second light emit-
ting units 502 and between the adjacent third light emitting
units 503, respectively. Referring to FIG. 7, the gap between
the adjacent first light emitting units 501, between the
adjacent second light emitting units 502 and between the
adjacent third light emitting units 503 may be filled with a
transparent resin 40, respectively.

[0061] Here, the transparent resin 40 to be filled may be
selected as a transparent resin material such as Polyethylene
(PE) having high transparency and water and oxygen resis-
tance. It is possible to improve flatness and water and
oxygen resistance of the OLED display panel by filling the
transparent resin 40 in the gaps among the plurality of light
emitting units.

[0062] The light path of the OLED display panel accord-
ing to the embodiments of the present invention will be
described below taken the single-side light emitting OLED
display panel as an example. Specifically, referring to FIG.
7, the OLED display panel comprises the substrate 10, the
package substrate 30, the transparent substrate located
between the substrate 10 and the package substrate 30, a
plurality of third light emitting units 503 on the substrate 10,
a plurality of second light emitting units 502 disposed on the
lower surface of the transparent substrate 20, a plurality of
first light emitting units 501 disposed on the upper surface
of the transparent substrate 20, the transparent resin 40 filled
between the adjacent light emitting units, and the truncated
pyramid shaped support structure 60 located between the
substrate 10 and the transparent substrate 20. The light
emitting side of the OLED display panel is located on one
side of the package substrate 30. The package substrate 30
is a transparent glass substrate, and the substrate 10 is an
opaque substrate.

[0063] In this case, referring to FIG. 5, the first light
emitting unit 501 may include a metal reflecting electrode,
a polymer conductive layer, a polymer emitting layer and a
transparent Indium Tin Oxide (ITO) electrode sequentially
disposed on the upper surface of the transparent substrate 20.
The second light emitting unit 502 may include a transparent
ITO electrode, a polymer emitting layer, a polymer conduc-
tive layer and a metal reflecting electrode sequentially
disposed on the lower surface of the transparent substrate 20.
The third light emitting unit 503 may include a metal
reflecting electrode, a polymer conductive layer, a polymer
emitting layer and a transparent ITO electrode sequentially
disposed on the substrate 10. Therefore, the light path of the
first light emitting unit 501 is the top-emitting type, the light
path of the second light emitting unit 502 is the bottom-
emitting type, and the light path of the third light emitting
unit 503 is the top-emitting type.

[0064] In this way, the light emitted from the first light
emitting unit 501 may directly pass through the package
substrate 30 to emit out. The light emitted from the second
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light emitting unit 502 is emitted close to the lower surface
of the transparent substrate 20 and may finally pass through
the transparent substrate 20 and the package substrate 30 to
emit out. The light emitted from the third light emitting unit
503 may pass through the transparent substrate 20 and the
package substrate 30 to emit out. Since the light emitted
from each the light emitting unit have a certain angle, when
being incident onto a side surface of the support structure 60,
the light emitted from the third light emitting unit 503 will
be directly reflected to one side of the transparent substrate
20 and finally pass through the transparent substrate 20 and
the package substrate 30.

[0065] Further, each the light emitting unit may include a
main light emitting region 50q and a dim region 505 located
around the main light emitting region 50a. The main light
emitting region 50a of the light emitting unit having a single
pixel is mainly centralized in the middle of the light emitting
unit, and a boundary region of the light emitting unit is the
dim region 505 which hardly emits lights. A luminous
energy of the dim region 505 is much smaller than that of the
main light emitting region 50a. Based on this, any two dim
regions which are adjacent to each other and located in
different layer are overlapped with each other, as illustrated
in FIG. 8.

[0066] In this way, for the entire OLED display panel, an
area of the dim regions will be reduced by overlapping the
dim regions of the light emitting units in the different layers
with each other. It is possible to effectively increase the
number of the pixels per unit, thereby improving resolution
of the OLED display panel.

[0067] In order to obtain the best resolution, the first light
emitting unit 501, the second light emitting unit 502 and the
third light emitting unit 503 of the embodiments of the
present invention are located in different three layers respec-
tively, so that the area of the dim regions will be reduced to
the largest degree, thereby improving the resolution of the
OLED display panel.

[0068] According to another aspect of embodiments of the
present invention, there is provided a display apparatus
comprising the OLED display panel according to various
embodiments as described above, and a driving device
configured to drive the first light emitting unit 501, the
second light emitting unit 502 and the third light emitting
unit 503 to emit lights, respectively.

[0069] In an exemplary embodiment of the present inven-
tion, as shown in FIG. 9(a), the driving device may include
a timing controller (TCON) 80, and a driving circuit includ-
ing a gate driving circuit 901 and a data driving circuit 902.
The timing controller 80 is configured for converting a
signal output from a signal source into an image data signal
and simultaneously generating a timing controlling signal
necessary for the gate driving circuit 901 and the data
driving circuit 902.

[0070] In a conventional OLED display apparatus, as
illustrated in FIG. 9(b), since the first light emitting unit 501,
the second light emitting unit 502, the third light emitting
unit 503 are located on the same layer, the gate driving
circuit 901 and the data driving circuit 902 are connected
with a gate line and a data line located in the same layer,
respectively. In this way, the gate driving circuit 901 and the
data driving circuit 902 will simultaneously transmit scan-
ning signals and data signals for different light emitting
units. Based on this signal input manner, it is easy to
generate mutual interference between different signals.
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[0071] Referring to FIG. 9(a), in the display apparatus
according to the embodiments of the present invention, it is
possible to connect the gate driving circuit 901 and the data
driving circuit 902 with the gate line and the data line
located in different layers respectively by providing a circuit
structure for different light emitting units on the different
layers. In this way, the gate driving circuit 901 and the data
driving circuit 902 will separately transmit the scanning
signals and the data signals for different light emitting units,
ie., will independently control thin film transistors and
circuit structures in the different layers.

[0072] In an exemplary embodiment of the present inven-
tion, as illustrated in FIG. 10, the gate driving circuit 901
may simultaneously turn on all the thin film transistors in the
same thin film transistor row in the different layers, and the
data driving circuit 902 may simultaneously input the sig-
nals to all the pixel units in different pixel unit columns
Specifically, at a first time, the gate electrodes of the thin
film transistors located in the same row and in the different
layers are simultaneously turned on through inputting the
scanning signals to the gate lines located in the same row
and in the different layers by the gate driving circuit 901, and
then display electrodes corresponding to RGB pixel units
respectively may reach desired voltage values and are
charged through simultaneously inputting the different sig-
nals to the data lines located in different columns by the data
driving circuit 901 respectively. The above operations are
sequentially repeated at second and third time to realize a
continuous image display. In this way, it is possible to
effectively avoid the mutual interference between the dif-
ferent signals, thereby improving the display quality.
[0073] Referring to FIGS. 2 to 4, embodiments of the
present invention further provide a method for manufactur-
ing an OLED display panel comprising steps of: providing
a substrate; and forming a light emitting structure, the step
of forming a light emitting structure including a step of
forming a plurality of sets of light emitting units sequentially
arranged on the substrate side by side. Each set of the light
emitting units includes a first light emitting unit, a second
light emitting unit and a third light emitting unit. In each set
of light emitting units, at least two of the first, second third
light emitting units are located in different layers.

[0074] The step of forming a light emitting structure
comprises steps of: forming a plurality of spaced first light
emitting units 501 on a first side of a transparent substrate
20; forming a plurality of spaced second light emitting units
502 on the first side, a second side of the transparent
substrate 20 or a substrate 10; forming a plurality of spaced
third light emitting units 503 on the substrate 10; assembling
the substrate 10 with the transparent substrate 20 together, so
that the first light emitting units 501 are located on one side
of the transparent substrate 20 facing away from the sub-
strate 10, the third light emitting units 503 are located
between the substrate 10 and the transparent substrate 20,
and the first light emitting unit 501, the second light emitting
unit 502 and the third light emitting unit 503 of each set of
light emitting units are sequentially arranged in a direction
perpendicular to the substrate.

[0075] In an exemplary embodiment of the present inven-
tion, after assembling the substrate 10 with the transparent
substrate 20 together, the second light emitting unit 502 and
the third light emitting unit 503 are disposed in the same or
different layers in a thickness direction between the trans-
parent substrate 20 and the substrate 10. In another exem-
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plary embodiment of the present invention, after assembling
the substrate 10 with the transparent substrate 20 together,
the first and second light emitting units are disposed on the
first side of the transparent substrate, and the third light
emitting unit is disposed between the transparent substrate
and the substrate.

[0076] Further, a packaging substrate 30 is further
assembled after assembling the substrate 10 with the trans-
parent substrate 20 together.

[0077] In another exemplary embodiment of the present
invention, transparent resins 40 are filled in gaps among the
plurality of spaced first light emitting units 501 when
forming the plurality of first light emitting units 501. The
transparent resins 40 are also filled in gaps between the
plurality of spaced second light emitting units 502 when
forming the plurality of second light emitting units 502. The
transparent resins 40 are also filled in gaps between the
plurality of spaced third light emitting units 503 when
forming the plurality of third light emitting units 503. The
transparent resins 40 may be filled by injection process.
[0078] Thereafter, frame sealing adhesives 70 may be
applied between the substrate 10 and the transparent sub-
strate 20 as well as between the transparent substrate 20 and
the packaging substrate 30 to complete an assembly of the
OLED display panel.

[0079] Itis noted that a process of forming the plurality of
space second light emitting units 502 on the transparent
substrate 20 or the substrate 10 may include the following
three cases: forming the second light emitting units 502 on
the transparent substrate 20 and positioning the second light
emitting units 502 and the first light emitting units 501 on
the same side of the transparent substrate 20; or forming the
second light emitting units 502 on the transparent substrate
20 and positioning the second light emitting units 502 and
the first light emitting units 501 on different sides of the
transparent substrate 20; or forming the second light emit-
ting units 502 on the substrate 10 and positioning the second
light emitting units 502 and the third light emitting units 503
on the same side of the substrate 10.

[0080] Referring to FIG. 4, the plurality of spaced second
light emitting units 502 are formed on the one side of the
transparent substrate 20 close to the substrate 10.

[0081] A process of manufacturing the light emitting units
will be described below taking a process of forming the first
light emitting unit 501 as an example. Referring to FIG. 5,
the process specifically comprises steps of:

[0082] SO01: forming a metal layer on the upper surface of
the transparent substrate 20 by a vacuum thermal evapora-
tion deposition process and patterning the metal layer by
exposing, developing, etching and stripping by a single
mask, thereby forming the metal reflecting electrode.
[0083] Here, a material of the metal layer may be one of
aluminum, copper, silver and the like.

[0084] S02: forming the polymer conductive layer on a
surface of the substrate on which the metal reflecting elec-
trode has been formed by the vacuum thermal evaporation
deposition process.

[0085] Here, the polymer conductive layer may be an
organic polymer such as polyaniline acenaphthylene
[0086] S03: forming the polymer emitting layer on a
surface of the substrate on which the conductive layer has
been formed by the vacuum thermal evaporation deposition
process.
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[0087] Here, the polymer emitting layer may be an organic
polymer such as polyfluorene acenaphthene.

[0088] S04: forming the transparent ITO electrode on a
surface of the substrate on which the emitting layer has been
formed by the vacuum thermal evaporation deposition pro-
cess.

[0089] The first light emitting unit 501 may be formed on
the upper surface of the transparent substrate 20 by the steps
as described above. The metal reflecting electrode, the
conductive layer, the emitting layer and the transparent ITO
electrode are flushed with each other at one end of the first
light emitting unit 501. At the other end of the first light
emitting unit 501, the conductive layer is provided to wrap
the metal reflecting electrode, the emitting layer is provided
to wrap the conductive layer, the transparent ITO electrode
is provided to wrap the emitting layer, and all the metal
reflecting electrode, the conductive layer, the emitting layer
and the transparent ITO electrode are in contact with the
upper surface of the transparent substrate 20.

[0090] Processes of manufacturing the second light emit-
ting unit 502 and the third light emitting unit 503 are the
same as that of the first light emitting unit 501, and are only
adjusted according to the actual structure, and the descrip-
tion thereof in details are omitted herein.

[0091] Referring to FIG. 7, the method may further com-
prise a step of forming a support structure 60 on the substrate
10. After assembling the substrate 10 and the transparent
substrate 20 together, the support structure 60 is positioned
between the substrate 10 and the transparent substrate 20,
and is aligned with the first light emitting unit 501 in a
thickness direction. Specifically, the method may further
comprise steps of: forming the support structure 60 on the
same side of the substrate 10 as the third light emitting unit
503; and assembling the substrate 10 and the transparent
substrate 20, so that the first light emitting unit 501 is
positioned on one side of the transparent substrate 20 facing
away from the substrate 10, and the third light emitting unit
503 and the support structure 60 are positioned on one side
of the substrate 10 close to the transparent substrate 20. The
support structure 60 is formed at a position corresponding to
the first light emitting unit 501. A surface of the support
structure 60 is coated with a material having light reflecting
characteristic.

[0092] Although several exemplary embodiments have
been shown and described above, the present invention is
not limited herein, and it would be appreciated by those
skilled in the art that various changes or modifications may
be made in these embodiments without departing from the
principle and spirit of the disclosure, the scope of which is
defined in the claims and their equivalents.

1. An OLED display panel, comprising
a substrate; and
a light emitting structure including a plurality of sets of
light emitting units sequentially arranged on the sub-
strate side by side, each set of light emitting units
including a first light emitting unit, a second light
emitting unit and a third light emitting unit,
wherein, in each set of light emitting units, at least two of
the first, second and third light emitting units are
located in different layers.
2. The OLED display panel according to claim 1, further
comprising a transparent substrate disposed above the sub-
strate,
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wherein the second and third light emitting units are
disposed between the substrate and the transparent
substrate.

3. The OLED display panel according to claim 2, wherein
the second light emitting unit and the third light emitting unit
are disposed in the same layer in a thickness direction
between the transparent substrate and the substrate.

4. The OLED display panel according to claim 2, wherein
the second light emitting unit and the third light emitting unit
is disposed in a different layer in a thickness direction
between the transparent substrate and the substrate.

5. The OLED display panel according to claim 1, further
comprising a transparent substrate disposed above the sub-
strate,

wherein the first and second light emitting units are

disposed on a surface of the transparent substrate facing
away from the substrate; and

wherein the third light emitting unit is disposed between

the substrate and the transparent substrate.

6. The OLED display panel according to claim 2, further
comprising a support structure disposed between the sub-
strate and the transparent substrate and being in contact with
both the substrate and the transparent substrate,

wherein the support structure is disposed to be aligned

with the first light emitting unit in a thickness direction.

7. The OLED display panel according to claim 6, wherein
a surface of the support structure is covered with a material
having light reflecting characteristic.

8. The OLED display panel according to claim 6, wherein

the support structure has a truncated pyramid structure;

and

an area of a surface of the support structure contacting

with the transparent substrate is smaller than that of a
surface of the support structures contacting with the
substrate.

9. The OLED display panel according to claim 1, wherein
each the light emitting unit has a main light emitting region
and a dim region located around the main light emitting
region,

wherein the dim regions of any two adjacent light emit-

ting units located in different layers are overlapped with
each other.

10. The OLED display panel according to claim 1,
wherein in the plurality of sets of light emitting units, gaps
between the adjacent first light emitting units, between the
adjacent second light emitting units, and between the adja-
cent third light emitting units are filled with transparent
resins, respectively.

11. A display apparatus, comprising

the OLED display panel according to claim 1; and

a driving device configured to drive the first light emitting

unit, the second light emitting unit and the third light
emitting unit to emit lights, respectively.
12. A method for manufacturing an OLED display panel,
comprising
providing a transparent substrate and a substrate;
forming a plurality of spaced first light emitting units on
a first side of the transparent substrate;

forming a plurality of spaced second light emitting units
on the first side, a second side of the transparent
substrate, or the substrate;

forming a plurality of spaced third light emitting units on

the substrate; and
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assembling the substrate with the transparent substrate
together, so that the first light emitting units are located
on one side of the transparent substrate facing away
from the substrate, the third light emitting units are
located between the substrate and the transparent sub-
strate, and the first light emitting unit, the second light
emitting unit and the third light emitting unit of each set
of light emitting units are sequentially arranged in a
direction parallel to the substrate.

13. The OLED display panel according to claim 5, further
comprising a support structure disposed between the sub-
strate and the transparent substrate and being in contact with
both the substrate and the transparent substrate,

wherein the support structure is disposed to be aligned
with the first light emitting unit in a thickness direction.

14. The OLED display panel according to claim 13,
wherein a surface of the support structure is covered with a
material having light reflecting characteristic.

15. The OLED display panel according to claim 13,
wherein

the support structure has a truncated pyramid structure;
and

an area of a surface of the support structure contacting
with the transparent substrate is smaller than that of a
surface of the support structures contacting with the
substrate.
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16. The display apparatus according to claim 11, wherein

the OLED display panel further comprises a transparent

substrate disposed above the substrate; and

the second and third light emitting units are disposed

between the substrate and the transparent substrate.

17. The display apparatus according to claim 16, wherein
the second light emitting unit and the third light emitting unit
are disposed in the same layer in a thickness direction
between the transparent substrate and the substrate.

18. The display apparatus according to claim 16, wherein
the second light emitting unit and the third light emitting unit
is disposed in a different layer in a thickness direction
between the transparent substrate and the substrate.

19. The display apparatus according to claim 16, wherein

the OLED display panel further comprises a support

structure disposed between the substrate and the trans-
parent substrate and being in contact with both the
substrate and the transparent substrate; and

the support structure is disposed to be aligned with the

first light emitting unit in a thickness direction.

20. The display apparatus according to claim 11, wherein

the OLED display panel further comprises a transparent

substrate disposed above the substrate;

the first and second light emitting units are disposed on a

surface of the transparent substrate facing away from
the substrate; and

the third light emitting unit is disposed between the

substrate and the transparent substrate.
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