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(57) ABSTRACT

A display panel, a polymer light emitting diode and a
method for manufacturing the same are provided. The
polymer light emitting diode has: an organic light emitting
layer having a first surface and a second surface opposite to
each other; an electron transport part formed on the first
surface of the organic light emitting layer, and a hole
transport part formed on the second surface of the organic
light emitting layer. The hole transport part has a hole
injection layer and a hole transport layer formed in
sequence. The hole transport part further has an intermediate
energy level layer having an energy level. The energy level
of the intermediate energy level layer ranges between energy
levels of two membrane layers sandwiching the intermediate
energy level layer.

—13

10




Patent Application Publication  Mar. 16,2017 Sheet 1 of 7 US 2017/0077435 Al

)
=

(o8]
—
«2

=)

—_
o

—_
—
~"
—
-

_
=i

1111

Fig. 1 (Prior Art)

Fig. 2



US 2017/0077435 A1

Mar. 16,2017 Sheet 2 of 7

Patent Application Publication

—131

—11 ¢l

—10

Fig. 3



Patent Application Publication

Fig. 4

Mar. 16,2017 Sheet 3 of 7

US 2017/0077435 A1



Patent Application Publication  Mar. 16,2017 Sheet 4 of 7 US 2017/0077435 Al
Img/ml | 2mg/ml | 3mg/ml
1500rpm |19 28 43
2000rpm |19 26 41
2500rpm |3 26 36
Fig. 5SA
Rotary Speed-Concentration-Thickness
45
40 h\_‘\\‘
g 33 —e— Img/ml
& 3
2 = 30 —&—2mg/ml
é A 95 — & ——3mg/ml
Qb
=S — : -
15 1 1
1500 2000 2500
Rotary Speed (rpm)

Fig. 5B




Patent Application Publication  Mar. 16,2017 Sheet 5 of 7 US 2017/0077435 Al

Fig. 6



US 2017/0077435 A1

2017 Sheet 6 of 7

16,

Mar.

ion

icat

Patent Application Publ

—_ = =

31

L

]

—

132

N

%
55
%

ety
"
&K

K
2505
258

55

R
Pateteled!
SRR

&
&

KA F K
tatelatele

25
3558
lele!

2
5

NGNS

Fig. 7



Patent Application Publication Mar. 16,2017 Sheet 7 of 7 US 2017/0077435 Al

37!

—11

~—10

Fig. 8



US 2017/0077435 Al

DISPLAY PANEL, ORGANIC LIGHT
EMITTING DIODE AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims priority
to Chinese Patent Application 201510575613.2, filed Sep.
11, 2015, the entire contents of which are incorporated
herein by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to fields of
display technology, and more particularly, to an organic light
emitting diode, a method for manufacturing the organic light
emitting diode, and a display panel including the organic
light emitting diode.

BACKGROUND

[0003] With rapid development of science and technology,
demands for display panels are increasingly increased,
which tend to become lighter and thinner with less power
consumed. Accordingly, there emerges organic light emit-
ting diode (OLED) display panel. Compared to conventional
liquid crystal display panel, the OLED display panel is
self-luminous without backlight module having high energy
consumption and, hence, is lighter and thinner with less
power consumed. Thus, more and more attention is paid to
the OLED display panel.

[0004] Depending on different organic light emitting
material adopted, OLED in the OLED display panel may be
classified into small molecule light emitting diode (SMLED)
and polymer light emitting diode (PLED). In comparison,
the SMLED may be manufactured with a vacuum thermal
evaporator having high cost and not suit for application in
large area display panels, while the PLED may be manu-
factured more easily with reduced costs on equipments and
process via wet methods such as solution spin coating or
droplet coating, and suit for application in the large area
display panels.

[0005] A proper device structure is of key importance in
improving characteristics of the PLED such as brightness,
current efficiency and stability. Referring to FIG. 1, which
illustrates a block diagram of a conventional PLED, the
PLED mainly includes a hole transport part 1', an organic
light emitting layer 2' and an electron transport part 3'
stacked sequentially. Principle for the PLED to emit light
may be described as follows. Holes injected through the hole
transport part 1' are combined with electrons injected
through the electron transport part 3' in the organic light
emitting layer 2' to generate excitons so as to emit light.
Herein, the hole transport part 1' and the electron transport
part 3' serve mainly to address imbalance between injections
of two types of carries, wherein the hole transport part 1'
may include an anode 10", a hole injection layer (HIL) 11'
and a hole transport layer (HTL) 12', while the electron
transport part 3' may include a cathode 30" and an electron
transport layer (ETL) 31', and may further include an
electron injection layer (EIL) in certain kinds of PLED (not
shown).

[0006] However, it is desirable to improve current effi-
ciency of conventional PLEDs.
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SUMMARY

[0007] The present disclosure is directed to provide a
polymer light emitting diode, a method for manufacturing
the polymer light emitting diode, and a display panel includ-
ing the polymer light emitting diode, such that one or more
problems caused by limitation or defects in related art may
be overcome to a certain extent.

[0008] Other features and advantages of the disclosure
may be apparent through detailed description hereinafter, or
may be obtained through implementation thereof.

[0009] According to a first aspect the present disclosure,
there is provided a polymer light emitting diode, including:
[0010] an organic light emitting layer having a first surface
and a second surface opposite to each other;

[0011] an electron transport part formed on the first sur-
face of the organic light emitting layer, and

[0012] a hole transport part formed on the second surface
of the organic light emitting layer, comprising a hole injec-
tion layer and a hole transport layer stacked in sequence;
[0013] wherein the hole transport part further comprises
an intermediate energy level layer, an energy level of the
intermediate energy level layer ranging between energy
levels of two layers sandwiching the intermediate energy
level layer.

[0014] According to a second aspect the present disclo-
sure, there is provided a method for manufacturing a poly-
mer light emitting diode, including:

[0015] forming a hole transport part configured to provide
hole carriers;
[0016] forming an organic light emitting layer on the hole

transport part; and
[0017] forming an electron transport part, configured to
provide electron carriers, on the organic light emitting layer;

[0018] wherein the forming the hole transport part com-
prises:

[0019] forming a hole injection layer;

[0020] forming a hole transport layer; and

[0021] forming an intermediate energy level layer having

an energy level, wherein the energy level of the intermediate
energy level layer ranges between energy levels of two
membrane layers sandwiching the intermediate energy level
layer.

[0022] According to an embodiment of the second aspect
the present disclosure, there is provided a method for
manufacturing a polymer light emitting diode, including:

[0023] forming a hole transport part configured to provide
hole carriers;
[0024] forming an organic light emitting layer on the hole

transport part; and
[0025] forming an electron transport part, configured to
provide electron carriers, on the organic light emitting layer;

[0026] wherein the forming the hole transport part com-
prises:

[0027] forming a hole injection layer;

[0028] forming an intermediate energy level layer on the

hole injection layer; and

[0029] forming a hole transport layer on the intermediate
energy level layer, an energy level of the intermediate energy
level layer ranging between energy levels of two membrane
layers adjacent to the intermediate energy level layer.
[0030] According to another embodiment of the second
aspect the present disclosure, there is provided a method for
manufacturing a. polymer light emitting diode, including:
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[0031] forming a hole transport part configured to provide
hole carriets;
[0032] forming an organic light emitting layer on the hole

transport part; and
[0033] forming an electron transport part, configured to
provide electron carriers, on the organic light emitting layer;

[0034] wherein the forming the hole transport part com-
prises:

[0035] forming a hole injection layer;

[0036] forming a hole transport layer on the hole injection
layer; and

[0037] forming an intermediate energy level layer on the

hole transport layer, an energy level of the intermediate
energy level layer ranging between energy levels of the hole
transport layer and the organic light emitting layer.

[0038] According to a third aspect the present disclosure,
there is provided a display panel, including:

[0039] a first substrate;

[0040] a second substrate provided opposite to the first
substrate;

[0041] a polymer light emitting diode as described above,

provided between the first substrate and the second sub-
strate; and

[0042] a seal member provided around the first substrate
and the second substrate and configured to package the
organic light emitting diode between the first substrate and
the second substrate.

[0043] In the present exemplary embodiment, an interme-
diate energy level layer with an energy level between two
membrane layers adjacent thereto is provided in the hole
transport part, so as to reduce energy barrier and internal
electric filed effect between interfaces of both membrane
layers adjacent thereto. Accordingly, more hole carriers can
be facilitated to be transported to the organic light emitting
layer and, thus, current efficiency of the PLED can be
improved.

[0044] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restrictive of
the invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
embodiments consistent with the invention and, together
with the description, serve to explain the principles of the
invention.

[0046] Features and advantages of the present disclosure
described above as well as other features and advantages
thereof may become more apparent through detailed
description of exemplary embodiments by reference to the
accompanying drawings.

[0047] FIG.1 is block diagram illustrating a PLED in prior
art.
[0048] FIG. 2 is a block diagram illustrating a PLED

according to an exemplary embodiment of the present
disclosure.

[0049] FIG. 3 is a block diagram illustrating a PLED
according to another exemplary embodiment of the present
disclosure.

[0050] FIG. 4 is a flow chart illustrating a method for
manufacturing the PLED according to FIG. 3.
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[0051] FIGS. 5A-5B illustrate correspondence between
rotary speeds and membrane thicknesses with different
solution concentrations in spin coating process according to
an exemplary embodiment.

[0052] FIG. 6 is a block diagram illustrating a PLED
according to yet another exemplary embodiment of the
present disclosure.

[0053] FIG. 7 is a flow chart illustrating a method for
manufacturing the PLED according to FIG. 6.

[0054] FIG. 8 is a block diagram illustrating a PLED
according to still another exemplary embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0055] Description will now be made in detail to exem-
plary embodiments by reference to the accompanying draw-
ings. However, the exemplary embodiments may be imple-
mented in various ways rather than being understood as
limited to those embodiments described herein. Instead,
those embodiments are provided to illustrate the disclosure
comprehensively and completely, and to deliver concept of
the exemplary embodiments entirely to those skilled in the
art. Like elements are represented by like reference signs in
the drawings, and detailed description thereof may be omit-
ted.

[0056] Furthermore, features, structures or properties
described herein may be combined into one or more embodi-
ments in any proper ways. Detailed description will be made
hereinafter to enable the embodiments of the disclosure to be
comprehensible. However, it should be noted for those
skilled in the art, technical solution of the disclosure may be
implemented by means of alternative structures, materials or
processes instead of one or more of those specific elements
described herein. Otherwise, structures, processes or opera-
tions well known in the art may be not illustrated or
described herein for fear of obscuring aspects of the disclo-
sure.

[0057] There is provided a PLED in the exemplary
embodiments. PLEDs may be classified into a bottom emis-
sion type and a top emission type depending on direction of
light emission. Taking the bottom emission type for an
example, referring to FIG. 2, the PLED includes mainly a
hole transport part 1, an organic light emitting layer 2 and an
electron transport part 3. Herein, the organic light emitting
layer 2 includes a first surface and a second surface (for
example upper side surface and lower side surface as shown
in the drawing) opposite to each other. The hole transport
part 11s stacked on the lower side surface of the organic light
emitting layer 2, and includes an anode 10, a hole injection
layer (not shown) and a hole transport layer (not shown).
The electron transport part 3 is stacked on the upper side
surface of the organic light emitting layer 2, and includes an
electron transport layer 31 and a cathode 30. The anode 10
may be made from materials with high work function and
good transparency, for example transparent conductive
oxides such as transparent ITO (Indium Tin Oxide) conduc-
tive membrane. The cathode 30 may be made from trans-
parent conductive materials, for example Al, Ca, In or
Mg—Al alloy transparent conductive membrane. In addi-
tion, the hole transport 1 further includes an intermediate
energy level layer 13, an energy level of which lies between
energy levels of two membrane layers adjacent thereto.
[0058] Low current efficiency of PLEDs may arise from
inherent defect of polymer light emitting materials with low
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internal quantum efficiency, as well as lack of existing
materials for the hole transport part 1 having high perfor-
mance. For example, such materials may include mainly
PETDOT: PSS ((3.4-ethylenedioxythiophene)-polystyrene
sulfonic acid) and PVK (polyvinyl carbazole). However, for
a hole transport part 1 made from those materials, energy
barrier between membrane layers therein is relatively high.
Accordingly, hole carries may accumulate excessively at
interfaces to form internal electric field and, hence, the
number of excitons generated is reduced. According to the
present exemplary embodiments, the intermediate energy
level layer 13 with an energy level between two membrane
layers adjacent thereto is provided in the hole transport part
1, 50 as to reduce the energy barrier and internal electric filed
effect between interfaces of both membrane layers adjacent
thereto. Accordingly, more hole carriers can be facilitated to
be transported to the organic light emitting layer 2 and, thus,
current efficiency of the PLED can be improved.

[0059] Referring to FIG. 3, the intermediate energy level
layer 13 may include a first intermediate energy level layer
131 provided between the hole injection layer (HIL) 11 and
the hole transport layer (HTL) 12. For example, the HIL 11
may include (3,4-ethylenedioxythiophene)-polystyrene sul-
fonic acid and the like, while the HTL 12 may include
polyvinyl carbazole and derivations thereof, and may also
include polymethylphenethylsilane (PMPS), other polymer
containing triarylamine side chain or bridged triaryl side
chain (for example, P-TPD, P-NPD), or the like. The first
intermediate energy level layer 131 may have a work
function (e.g. 5.3 eV-5.7 ¢V) greater than HOMO energy
level (e.g. 5.2 eV) of the HIL 11 and smaller than HOMO
energy level (e.g. 5.8 eV) of the HTL 12. Accordingly,
impact of energy barrier between the HIL 11 and the HTT. 12
can be reduced such that energy level can transit more
smoothly between the MIL 11 and the HTL 12 and, hence,
hole carriers can be more easily injected into the HTL 12.
The first intermediate energy level layer 131 may include
P-type metal oxide or polymer organic compound. For
example, the first intermediate energy level layer 131 is
P-type metal oxide, it may include materials with proper
work function, such as MoO, or Ni, O, to satisfy require-
ment of energy level described above and for facilitation of
process requirements related to subsequent solution process
or spin coating. Referring to FIG. 4, which illustrates a
method for manufacturing the PLED according to FIG. 3,
the method includes mainly following steps.

[0060] A first substrate 41, which may include rigid or
flexible substrate formed of glass, silicon wafer, quartz,
plastic or the like, is provided.

[0061] Then, the hole transport part 1 is formed on the first
substrate 41 to provide hole carriers. Steps of forming the
hole transport part 1 may be included as follows.

[0062] Forming an electrode of the anode 10, for example,
a transparent ITO conductive membrane, on the first sub-
strate 41 by means of processes such as vapor deposition;
forming the HIL 11 on the anode 10, wherein the HIL 11
may include (3,4-Ethylenedioxythiophene)-polystyrene sul-
fonic acid and the like; and forming the first intermediate
energy level layer 131, which may include materials having
proper work functions, such as MoO; or Ni,0,, on the HIL
11. In the present exemplary embodiment, for purpose of
cost reduction, the first intermediate energy level layer 131
may be obtained by means of collosol-gelling process and
further formed on the HIL 11 by means of solution process
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such as spin coating or inkjet printing. As shown in FIGS.
5A-5B, correspondence between the rotary speeds and
membrane thicknesses with different solution concentrations
in spin coating process is illustrated. Accordingly, the first
intermediate energy level layer 131 can be formed with
different thicknesses by adjusting the solution concentration
and the rotary speed. It should be understood by those
skilled in the art, however, the first intermediate energy level
layer 131 may be also formed on the HIL 11 through other
processes such as vacuum heat vapor deposition in alterna-
tive exemplary embodiments of the disclosure. Furthermore,
the HTL 12, which may include polyvinyl carbazole or the
like, is formed on the first intermediate energy level layer
131.

[0063] The organic light emitting layer 2 is formed on the
hole transport part 1 and may include polyfluorene and
derivatives thereof, polyvinyl carbazole, poly (2-(4-(3',7'-
dimethyloctyloxy benzene)-1,4-phenylene vinylene) and the
like.

[0064] The electron transport layer 31 is formed on the
organic light emitting layer 2 to provide electron carriers.
Moreover, the cathode 30, which may be made from trans-
parent conductive materials, for example Al, Ca, In or
Mg—Al alloy transparent conductive membrane, is formed
on the electron transport layer 31.

[0065] Finally, the PLED is obtained through a package of
the first substrate 41, a second substrate 42 and a seal
member (not shown). An intermediate energy level may he
provided in polymer materials of a PLED with tri-color R,
G, B, or may be extended to polymer materials of a PLED
with single color, for example, MEH-PPV emitting red light,
P-PPV emitting green light, or PVK or PFO emitting blue
light.

[0066] As shown in FIG. 6, the intermediate energy level
layer 13 may also include a second intermediate energy level
layer 132 provided between the HTL 12 and the organic light
emitting layer 2. For example, the HTL 12 may include
polyvinyl carbazole or the like, while the organic light
emitting layer 2 may include polyfluorene and derivatives
thereof, polyvinyl carbazole, poly (2-(4-(3',7'-dimethylocty-
loxy benzene)-1,4-phenylene vinylene) or the like. The
second intermediate energy level layer 132 may have a work
fanction (e.g. 5.3 eV-5.7 eV) greater than HOMO energy
level (e.g. 5.3 ¢V) of the organic light emitting layer 2 and
smaller than HOMO energy level (e.g. 5.8 eV) of the HTL
12. Accordingly, impact of energy barrier between the HTL
12 and the organic light emitting layer 2 can be reduced such
that energy level can transit more smoothly therebetween
and, hence, hole carriers can be more easily injected into the
organic light emitting layer 2. The second intermediate
energy level layer 132 may also include P-type metal oxide
or polymer organic compound. For example, the second
intermediate energy level layer 132 is P-type metal oxide, it
may include materials with proper work function, such as
MoO; or Ni,O;, to satisfy requirement of energy level
described above and for facilitation of process requirements
related to subsequent solution process or spin coating.

[0067] Referring to FIG. 7, which illustrates a method for
manufacturing the PLED according to FIG. 6, the method
includes mainly following steps.

[0068] A first substrate 41, which may include rigid or
flexible substrate formed of glass, silicon wafer, quartz,
plastic or the like, is provided.
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[0069] Then, the hole transport part 1 is formed on the first
substrate 41 to provide hole carriers. Steps of forming the
hole transport part 1 may be included as follows.

[0070] Forming an electrode of the anode 10, for example,
a transparent ITO conductive membrane, on the first sub-
strate 41 by means of processes such as vapor deposition;
forming the HIL 11 on the anode 10, wherein the HIL 11
may include (3,4-FEthylenedioxythiophene)-polystyrene sul-
fonic acid and the like; forming the HTL 12, which may
include polyvinyl carbazole or the like, on the first interme-
diate energy level layer 131; and forming the second inter-
mediate energy level layer 132, which may include materials
having proper work function, such as MoOj or Ni,O;, on the
HTL 12. In the present exemplary embodiment, for purpose
of cost reduction, the second intermediate energy level layer
132 may be obtained by means of collosol-gelling process
and further formed on the HTL 12 by means of solution
process such as spin coating or inkjet printing. As shown in
FIGS. 5A-5B, correspondence between the rotary speeds
and membrane thicknesses with different solution concen-
trations in spin coating process is illustrated. Accordingly,
the first intermediate energy level layer 131 can be formed
with different thicknesses by adjusting the solution concen-
tration and the rotary speed. It should be understood by those
skilled in the art, however, the second intermediate energy
level layer 132 may be also formed on the HTL 12 through
other processes such as vacuum heat vapor deposition in
alternative exemplary embodiments of the disclosure.

[0071] The organic light emitting layer 2 is formed on the
second intermediate energy level layer 132 and may include
polyfluorene or derivatives thereof, polyvinyl carbazole,
poly (2-(4-(3',7-dimethyloctyloxy benzene)-1,4-phenylene
vinylene) or the like.

[0072] The electron transport layer 31 is formed on the
organic light emitting layer 2 to provide electron carriers.
Moreover, the cathode 30, which may be made from trans-
parent conductive materials, for example Al, Ca, In or
Mg—Al alloy transparent conductive membrane, is formed
on the electron transport layer 31. Processes described above
may be understood by reference to related art, and details of
which are omitted herein.

[0073] Referring to FIG. 8, the intermediate energy level
13 may also include both the first intermediate energy level
131 and the second intermediate energy level 132. Detailed
description for the first and second intermediate energy level
131 and 132 and preparation thereof are given as above and
omitted herein.

[0074] Furthermore, in order to better understand advan-
tages of the disclosure, experimental tests are further con-
ducted aiming at the performance of the OLED with the
intermediate energy level layer according to the exemplary
embodiments. As shown in following Table 1, an interme-
diate energy level made from MoOj is provided between the
HTL 12 and the organic light emitting layer 2 in the OLED
according to experimental example 1; an intermediate
energy level made from Ni,0, 1s provided between the HTL
12 and the organic light emitting layer 2 in the OLED
according to experimental example 2; and there is no
intermediate energy level provided between the HTL 12 and
the organic light emitting layer 2 in the OLED according to
experimental example 3. Experimental results are obtained
as shown in following Table 2.

Mar. 16, 2017

TABLE 1

Current efficiency

Experimental example cd/A@100 nits Threshold voltage V
Experimental example 1 16.45 35
Experimental example 2 13.23 34
Experimental example 3 1.28 7

[0075] As can be seen from Table 1, compared to conven-
tional OLEDs with a threshold voltage of 7V, a threshold
voltage of the OLED according to the present exemplary
embodiments can be reduced to 3.4 V or 3.5 V. As far as
current efficiency is concerned, the OLEDs has a current
efficiency raised from 1.28 cd/Ato 13.23 cd/A or 16.45 cd/A
due to improvement of energy level transition. That is, the
current efficiency is substantially improved.

[0076] Furthermore, there is provided a display panel in
the present exemplary embodiment. The display panel
includes a first substrate, a second substrate, a seal member
and the PLED described above. The first substrate and the
second substrate are provided opposite to each other. The
organic light emitting diode is provided between the first
substrate and the second substrate. The seal member is
provided around the first substrate and the second substrate
and configured to package the organic light emitting diode
between the first substrate and the second substrate. Display
quality and energy efliciency of the display panel can be
improved due to relatively high current efficiency of the
PLED.

[0077] The disclosure has been described by reference to
the embodiments above which are merely examples for
implementing the disclosure. It should be noted that the
present disclosure is not limited to the exact embodiments
that have been described above. Instead, various modifica-
tions and changes can be made without departing from
concept and scope of the disclosure and should be covered
by protection scope thereof.

What is claimed is:

1. A polymer light emitting diode comprising:

an organic light emitting layer having a first surface and
a second surface opposite to each other;

an electron transport part formed on the first surface of the
organic light emitting layer, and

a hole transport part formed on the second surface of the
organic light emitting layer, the hole transport part
comprising a hole injection layer, a hole transport layer
and an intermediate energy level layer having an energy
level,

wherein the energy level of the intermediate energy level
layer ranges between energy levels of two layers sand-
wiching the intermediate energy level layer.

2. The polymer light emitting diode of claim 1, wherein

the intermediate energy level layer comprises:

a first intermediate energy level layer provided between
the hole injection layer and the hole transport layer,
and/or

a second intermediate energy level layer provided
between the hole transport layer and the organic light
emitting layer.

3. The polymer light emitting diode of claim 2, wherein
the first intermediate energy level layer has a first energy
level and the first energy level is greater than an energy level
of the hole injection layer and smaller than an energy level
of the hole transport level.
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4. The polymer light emitting diode of claim 2, wherein
the second intermediate energy level layer has a second
energy level and the second energy level is greater than an
energy level of the organic light emitting layer and smaller
than an energy level of the hole transport level.

5. The polymer light emitting diode of claim 2, wherein
the first intermediate energy level layer comprises P-type
metal oxide or polymer organic compound.

6. The polymer light emitting diode of claim 5, wherein
the first intermediate energy level layer comprises P-type
metal oxide.

7. The polymer light emitting diode of claim 6, wherein
the first intermediate energy level layer comprises MoO, or
Ni,O;.

8. The polymer light emitting diode of claim 2, wherein
the second intermediate energy level layer comprises P-type
metal oxide or polymer organic compound.

9. The polymer light emitting diode of claim 8, wherein
the second intermediate energy level layer comprises P-type
metal oxide.

10. The polymer light emitting diode of claim 9, wherein
the second intermediate energy level layer comprises MoO,
or Ni,O,.

11. The polymer light emitting diode of claim 1, wherein
the hole injection layer comprises (3,4-ethylenedioxythio-
phene)-polystyrene sulfonic acid.

12. The polymer light emitting diode of claim 1, wherein
the hole transport layer comprises polyvinyl carbazole or
derivatives thereof.

13. The polymer light emitting diode of claim 1, wherein
the organic light emitting layer comprises polyfluorene or
derivatives thereof, polyvinyl carbazole, or poly (2-(4-(3,
7'-dimethyoctyloxy benzene)-1,4-phenylene vinylene).

14. A method for manufacturing a polymer light emitting
diode, the method comprising:

forming a hole transport part configured to provide hole

carriers;

forming an organic light emitting layer on the hole

transport part; and

forming an electron transport part on the organic light

emitting layer, electron transport part configured to
provide electron carriers;
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wherein the forming the hole transport part comprises:

forming a hole injection layer;

forming a hole transport layer; and

forming an intermediate energy level layer having an

energy level, wherein the energy level of the interme-
diate energy level layer ranges between energy levels of
two layers sandwiching the intermediate energy level
layer.

15. The method of claim 14, wherein the forming the
intermediate energy level layer comprises:

forming a first intermediate energy level layer between

the hole injection layer and the hole transport layer,
and/or

forming a second intermediate energy level layer between

the hole transport layer and the organic light emitting
layer.

16. The method of claim 15, wherein the first intermediate
energy level layer has a first energy level that is greater than
an energy level of the hole injection layer and smaller than
an energy level of the hole transport level.

17. The method of claim 16, wherein the first intermediate
energy level layer is formed on the hole injection layer by
means of vacuum heat vapor deposition or collosol-gelling.

18. The method of claim 15, wherein the second inter-
mediate energy level layer has a second energy level that is
greater than an energy level of the organic light emitting
layer and smaller than an energy level of the hole transport
level.

19. The method of claim 18, wherein the second inter-
mediate energy level layer is formed on the hole transport
layer by means of vacuum heat vapor deposition or collosol-
gelling process.

20. A polymer light emitting display panel comprising:

a first substrate;

a second substrate provided opposite to the first substrate;

an organic light emitting diode according to claim 1,

provided between the first substrate and the second
substrate; and a seal member provided around the first
substrate and the second substrate and configured to
package the organic light emitting diode between the
first substrate and the second substrate.
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