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Prior Art

. Brightness Brightness of Brightness of Brightness of
Grey scalel  of panel red sub-pixel green sub-pixel blue sub-pixel
number . , . .
/nits /its /nits /nits
0 0.02 0.24 0.74 0.06
4 0.05 (.61 1.84 0.16
8 0.14 1.71 5.15 0.43
12 0.32 3.90 11.78 0.99
16 0.59 7.20 21.71 1.83
20 0.94 11.47 34.59 2,92
Fig.1
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ORGANIC LIGHT EMITTING ELEMENT,
DISPLAY PANEL AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Chinese Patent
Application No. 201610584613.3, filed Jul. 22, 2016, the
entire contents of which are incorporated herein by refer-
ence.

TECHNICAL FIELD

[0002] The present disclosure generally relates to display
technologies, and more particularly to an organic light
emitting element, a display panel and a display device.

BACKGROUND

[0003] Recently, Organic Light Emitting Diode (OLED)
technologies have been developed rapidly, and have become
one of the most promising technologies which can replace
Liquid Crystal Displays (LCDs).

[0004] FIG. 1 illustratively shows brightnesses of a con-
ventional OLED display panel under grey scales from 0 to
40 and brightnesses of red, green and blue sub-pixels (the
grey scale 255 corresponds to a brightness of 250 nits). As
can be seen from FIG. 1, when the grey scale is relatively
low (a low grey scale number), the brightness of the OLED
display panel is quite low. For example, the brightness of the
display panel when the grey scale number is 20 is only 0.94
nits, and the brightnesses of the red sub-pixel, the green
sub-pixel and the blue sub-pixel are 11.47 nits, 34.59 nits,
and 2.92 nits, respectively, in consideration of aperture ratios
of individual pixels and the transmittance of the polarization
sheet.

[0005] FIG. 2 is a schematic diagram illustratively show-
ing a driving circuit for driving a conventional OLED
display element. In the example as shown in FIG. 2, the
voltage between VDD and VSS is 7.1V; when the OLED
display panel displays a low brightness such as 1 nit,
although this is a low brightness, some voltage across the
OLED display element still exists, and one of the red
sub-pixel (R), the green sub-pixel (G) and the blue sub-pixel
(B) in the OLED display element which has the lowest
turn-on voltage will be turned on firstly under such voltage.
[0006] FIG. 3 is a voltage-brightness graph of the red,
green and blue sub-pixels. As can be seen from FIG. 3, in the
conventional OLED display element, the turn-on voltage of
the red, green and blue sub-pixels are not consistent. As
shown in FIG. 3, the turn-on voltage of the blue sub-pixel is
about 2.7V, which is higher than the turn-on voltage of the
green sub-pixel, which is about 2V. The turn-on voltage of
the green sub-pixel is higher than the turn-on voltage of the
red sub-pixel which is about 1.7V.

[0007] Because of large red light spectrum, a difference
between an energy level of a Highest Occupied Molecular
Orbital (HOMO) and an energy level of a Lowest Unoccu-
pied Molecular Orbital (LUMO) of the red light material in
the light emitting layer of the red sub-pixel is relatively
small, and thus the red sub-pixel is usually turned on first.
Thus, the brightnesses of the red sub-pixel, the green sub-
pixel and the blue sub-pixel cannot be mixed according to a
ratio (for example, R:29.7%, G:60.9%, B:9.4%) by which
white light can be realized. That is to say, the light obtained
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by mixing of the light from the red, green and the blue
sub-pixels is not white light, and a color shift occurs,
generally, a red shift.

[0008] In conventional technologies, the turn-on voltages
of the BGR sub-pixels are different, and the turn-on voltages
are relevant to the widths of the band gaps of the materials
of the RGB light emitting layers. The low gray scale is the
brightness under a low voltage, if the blue sub-pixel is
turned on, even though the voltage mainly occurs across the
blue sub-pixel, such voltage can be applied to the green and
red sub-pixels via a hole layer due to the good conductivity
of the hole layer. The turn-on voltage of the red sub-pixel is
relatively low, and when the voltage drop across the hole
layer is not big, the remaining voltage can activate emission
of red light even with a part of the voltage missing. Thus, in
the case of low grey scale, the brightness of the light emitted
by the red sub-pixel cannot strictly meet the desired low
brightness effect, and thereby the color under the low gray
scale may become more red. Similarly, the turn-on voltage
of the green sub-pixel is lower than the turn-on voltage of
the blue sub-pixel, the color under low gray scale may
become more green.

SUMMARY

[0009] Aiming at the shortcomings in the conventional
technologies, the present disclosure provides an organic
light emitting element, a display panel and a display device,
which are capable of improving display effects.

[0010] According to an aspect of the present disclosure,
there is provided an organic light emitting element, includ-
ing: a first electrode; a hole layer disposed on the first
electrode; a light emitting layer disposed on the hole layer
and comprising a first light emitting portion, a second light
emitting portion and a third light emitting portion; an
electron layer disposed on the light emitting layer; and a
second electrode disposed on the electron layer; wherein a
difference of an energy level between that of the hole layer
and the first light emitting portion and/or a difference of an
energy level between that of the first light emitting portion
and the electron layer is greater than or equal to a first
threshold, so that a difference of a turn-on voltage between
that of the first light emitting portion and the second light
emitting portion is smaller than a second threshold.

[0011] According to an embodiment, the difference of the
energy level between that of the hole layer and the first light
emitting portion is a difference of an energy level of a
highest occupied molecular orbital between that of the hole
layer and the first light emitting portion.

[0012] According to an embodiment, the first light emit-
ting portion, the second light emitting portion and the third
light emitting portion emit different colors.

[0013] According to an embodiment, the difference of the
energy level between that of the first light emitting portion
and the electron layer is a difference of an energy level of a
lowest unoccupied molecular orbital between that of the first
light emitting portion and the electron layer.

[0014] According to an embodiment, the hole layer
includes: a hole injection layer disposed on the first elec-
trode; and a hole transporting layer disposed between the
hole injection layer and the light emitting layer.

[0015] According to an embodiment, the difference of the
energy level between that of the hole layer and the first light
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emitting portion is a difference of energy level between that
of the hole transporting layer and the first light emitting
portion.

[0016] According to an embodiment, the electron layer
includes: an electron injection layer disposed on the light
emitting layer; and an electron transporting layer disposed
between the electron injection layer and the second elec-
trode.

[0017] According to an embodiment, the difference of the
energy level between that of the first light emitting portion
and the electron layer is a difference of an energy level
between that of the first light emitting portion and the
electron transporting layer.

[0018] According to an embodiment, the electron layer is
formed by 4,7-diphenyl-1,10-phenanthroline or 1,3,5-tris(1-
phenyl-1H-benzimidazol-2-yl)benzene.

[0019] According to an embodiment, the hole layer is
formed by 4,4'4"-tris(carbazol-9-yl)-triphenylamine, or
N,N-diphenyl-N,N-[(1-naphthalenyl)-1,1'-biphenyl-4,4-di-
amine (NPD).

[0020] According to an embodiment, first light emitting
portion is formed by 1,3 -bis(carbazol)-9-yl-benzene or
10-hydroxybenzo[H]quinoline.

[0021] According to an embodiment, the first threshold is
from 0.2 eV to 0.4 eV.

[0022] According to an embodiment, an electron mobility
of the first light emitting portion is smaller than an electron
mobility of the second light emitting portion.

[0023] According to an embodiment, the electron mobility
of the first light emitting portion is smaller than 10~
cm*/Vs.

[0024] According to an embodiment, the second threshold
is from 0.4V to 0.6V.

[0025] According to an embodiment, a difference of an
energy level between that of the hole layer and the third light
emitting portion and/or a difference of an energy level
between that of the third light emitting portion and the
electron layer is greater than or equal to a third threshold, so
that a difference of the turn-on voltage between that of the
second light emitting portion and the third light emitting
portion is smaller than a fourth threshold.

[0026] According to an embodiment, the third threshold is
from 0.2 eV to 0.4 eV.

[0027] According to an embodiment, an electron mobility
of the third light emitting device is smaller than the electron
mobility of the second light emitting portion.

[0028] According to an embodiment, the electron mobility
of the third light emitting portion is smaller than 1073
cm*/Vs.

[0029] According to an embodiment, the fourth threshold
is from 0.4 V to 0.6 V.

[0030] According to another aspect of the present disclo-
sure, there is provided a display panel, including the above
organic light emitting element.

[0031] According to another aspect of the present disclo-
sure, there is provided a display device, including the above
display panel.

[0032] Embodiments of the present disclosure can have at
least one of the following advantages over conventional
technologies:

[0033] (1) The difference of an energy level between that
of the hole layer and the first light emitting portion and/or
the difference of an energy level between that of the first
light emitting portion and the electron layer is greater than
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or equal to a first threshold, and thus the turn-on voltage of
the first light emitting portion can be increased, and thereby
the color shift of the red light under low gray scales can be
improved.

[0034] (2) The difference of an energy level between that
of the third light emitting portion and the hole layer and/or
the difference of an energy level between that of the third
light emitting portion and the electron layer is greater than
or equal to the third threshold, and thus the turn-on voltage
of the third light emitting portion can be increased, and
thereby the turn-on voltages of the first light emitting
portion, the second light emitting portion and the third light
emitting portion become close to each other. Consequently,
the color shift of the whole display under low gray scales can
be improved.

[0035] (3) Each of the electron motilities of the first light
emitting portion and the third light emitting portion is
smaller than the electron mobility of the second light emit-
ting portion, and thus the turn-on voltages of the first light
emitting portion, the second light emitting portion and the
third light emitting portion can be further homogenized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The above and other features and advantages of the
present disclosure will become clearer from the description
of exemplary embodiments with reference to drawings.
[0037] FIG. 1 illustratively shows brightnesses of a con-
ventional OLED display panel under grey scales from 0 to
40 and brightnesses of red, green and blue sub-pixels.
[0038] FIG. 2 is a schematic diagram illustratively show-
ing a driving circuit for driving a conventional OLED
display element.

[0039] FIG. 3 is a voltage-brightness graph of the red,
green and blue sub-pixels in conventional technologies.
[0040] FIG. 4 is a schematic diagram of an organic light
emitting element according to an embodiment of the present
disclosure.

[0041] FIG. 5 is an equivalent circuit diagram of the
organic light emitting element according to the embodiment
of the present disclosure.

[0042] FIG. 6 shows comparison between voltage-bright-
ness graphs of the first light emitting portion in conventional
technologies and the present disclosure.

[0043] FIG. 7 is a schematic diagram of a display panel
according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0044] Now, exemplary implementations will be
described more comprehensively with reference to the
accompanying drawings. However, the exemplary imple-
mentations may be carried out in various manners, and
should not be interpreted as being limited to the implemen-
tations set forth herein; instead, providing these implemen-
tations will make the present disclosure more comprehen-
sive and complete and will fully convey the conception of
the exemplary implementations to the ordinary skills in this
art. Throughout the drawings, the like reference numbers
refer to the same or the like structures, and repeated descrip-
tions will be omitted.

[0045] The features, structures or characteristics described
herein may be combined in one or more embodiments in any
suitable manner. In the following descriptions, many specific
details are provided to facilitate sufficient understanding of
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the embodiments of the present disclosure. However, one of
ordinary skills in this art will appreciate that the technical
solutions in the present disclosure may be practiced without
one or more of the specific details, or by employing other
methods, components, materials and so on. In other condi-
tions, well-known structures, materials or operations are not
shown or described in detail so as to avoid confusion of
respective aspects of the present disclosure.

[0046] The drawings of the present disclosure are used for
illustrating relatively position relationships, and the sizes of
elements in the drawings do not represent actual ratio or
sizZes.

[0047] In order to solve the color shift under low gray
scales in conventional technologies, the present disclosure
provides an organic light emitting element, a display panel
and a display device. The organic light emitting element, the
display panel and the display device provided by the present
disclosure will be described below with reference to FIGS.
4107

[0048] Firstly, the organic light emitting element provided
by the present disclosure will be described with reference to
FIGS. 4 to 5. The organic light emitting element 100
includes a first electrode 110, a hole layer 120, a light
emitting layer 130, an electron layer 140 and a second
electrode 150.

[0049] The first electrode 110 and the second electrode
150 are opposite to each other. According to an embodiment,
the first electrode 110 can be an anode, and the second
electrode 150 can be a cathode, and the organic light
emitting element 100 can be a cathode emission type organic
light emitting element or an anode emission type organic
light emitting element. For example, for a cathode emission
type organic light emitting element 100, the anode 110 can
be a total reflection anode electrode, which can be metal
having high reflectance or an alloy thin film electrode, for
example, Ag electrode, Ag alloy electrode, Al electrode, Al
alloy electrode, Cu electrode, Cu alloy electrode, Pt elec-
trode, or Pt alloy electrode. The cathode 150 can be a
transparent electrode which can be formed by transparent
materials such as ITO, 120, AZO, ZTO, Al and a thin film
of an Al alloy, Mg and a thin film of a Mg alloy, Ag and a
thin film of an Ag alloy, and the like. Similarly, one of
ordinary skill in this art can conceive an anode emission type
organic light emitting element 100.

[0050] The holelayer 120, the light emitting layer 130 and
the electron layer 140 are sequentially disposed between the
first electrode 110 and the second electrode 150. According
to an embodiment, the hole layer 120 includes a hole
injection layer 121 disposed on the first electrode 110 and a
hole transporting layer 122 disposed on the hole injection
layer 121. In some other embodiments, the hole layer 120
can only include the hole transport layer 122. The present
disclosure does not impose limitations on the number of the
hole injection layer 121 and the hole transporting layer 122,
and one of ordinary skill in this art can conceive many
modified examples according to actual application scenarios
of the organic light emitting element 100, and detailed
descriptions are omitted here.

[0051] According to an embodiment, the electron layer
140 includes an electron transporting layer 141 disposed on
the light emitting layer 130 and an electron injection layer
disposed on the electron transporting layer 141. In some
other embodiments, the electron layer 140 can only include
the electron transport layer 141. The present disclosure does
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not impose limitations on the number of the electron injec-
tion layer and the electron transporting layer 141, and one of
ordinary skill in this art can conceive many modified
examples according to actual application scenarios of the
organic light emitting element 100, and detailed descriptions
are omitted here.

[0052] The light emitting layer 130 is disposed between
the hole layer 120 and the electron layer 140. The light
emitting layer 130 includes a plurality of light emitting
portions which emit different colors. For example, the light
emitting layer 130 includes a first light emitting portion P1
which may emit red light, a second light emitting portion P2
which may emit blue light, and a third light emitting portion
P3 which may emit green light. With respect to the first light
emitting portion P1 which emits the light of the first color,
a difference of an energy level between that of the hole layer
120 and the first light emitting portion P1 and/or a difference
of an energy level between that of the first light emitting
portion P1 and the electron layer 140 is greater than or equal
to a first threshold, so that a difference of a turn-on voltage
between that of the first light emitting portion P1 and the
second light emitting portion P2 is smaller than a second
threshold. The first threshold can be from 0.2 eV to 0.4 V.
According to an embodiment, the first threshold can be 0.3
eV. According to an embodiment, the second threshold can
be from 0.4V to 0.6V.

[0053] Specifically, the difference of the energy level
between that of the hole layer 120 and the first light emitting
portion P1 refers to a difference of an energy level between
that of the hole transporting layer 122 and the first light
emitting portion P1. Further, the difference of an energy
level between that of the hole transporting layer 122 and the
first light emitting portion P1 is a difference between an
energy level B2 of a HOMO of the hole transporting layer
122 and an energy level C2 of a HOMO of the first light
emitting portion P1.

[0054] The difference of the energy level between that of
the first light emitting portion P1 and the electron layer 140
refers to a difference of the energy level between that of the
first light emitting portion P1 and the electron transporting
layer 141. Further, the difference of the energy level between
that of the first light emitting portion P1 and the electron
transporting layer 141 is a difference between an energy
level C1 of a LUMO of the first light emitting portion P1 and
an energy level D1 of a LUMO of the electron transporting
layer 141.

[0055] Some examples of the organic light emitting ele-
ment provided by the present disclosure will be described
below with reference to FIG. 5.

First Example

[0056] The organic light emitting element includes the
anode 110, the hole injection layer 121, the hole transporting
layer 122, the light emitting layer 130 (the first light emitting
portion P1 is shown), the electron transporting layer 141 and
the cathode 150. The first threshold is 0.3 eV.

[0057] The hole transporting layer 122 is formed by a
material such as 4,4',4"-tris(carbazol-9-yl)-triphenylamine,
or N,N-diphenyl-N,N-[(1-naphthalenyl)-1,1"-biphenyl-4,4-
diamine (NPD). The first light emitting portion is formed by
a material such as 1,3-bis(carbazol)-9-yl-benzene or 10-hy-
droxybenzo[H]quinoline. The electron transporting layer



US 2018/0026219 Al

141 is formed by a material such as 4,7-diphenyl-1,10-
phenanthroline or 1,3 .5-tris(1-phenyl- 1H-benzimidazol-2-
yl)benzene.

[0058] The energy level B2 of the HOMO of the hole
transporting layer 122 is 5.2 eV. The energy level C2 of the
HOMO of the first light emitting portion P1 is 5.8 eV. The
difference between the energy level B2 of the HOMO of the
hole transporting layer 122 and the energy level C2 of the
HOMO of the first light emitting portion is 0.6 eV, which is
greater than the first threshold. The energy level C1 of the
LUMO of the first light emitting portion is 2.5 eV. The
energy level D1 of the LUMO of the electron transporting
layer 141 is 3.0 eV. The difference between the energy level
C1 of the LUMO of the first light emitting portion and the
energy level D1 of the LUMO of the electron transporting
layer 141 is 0.5 eV, which is greater than the first threshold.
One of ordinary skill in this art can appreciate that the energy
levels of the materials of layers are determined by the
effective conjugation lengths of the molecules of the mate-
rials. Specifically, if the effective conjugation length of the
molecule of a material is long, the difference between the
energy level of the HOMO and the energy level LUMO of
the material is small; if the effective conjugation length of
the molecule of a material is short, the difference between
the energy level of the HOMO and the energy level of
LUMO of the material is large. The materials of the above
layers can be selected according to the effective conjugation
lengths of the molecules of the materials and detailed
descriptions thereof will be omitted here.

Second Example

[0059] The structure of the organic light emitting element
in this example is similar to that in the first example except
that the energy levels of individual layers are different from
that in the first example. For example, the energy level B2
of the HOMO of the hole transporting layer 122 is 5.5 eV.
The energy level C2 of the HOMO of the first light emitting
portion P1is 5.6 eV. The difference between the energy level
B2 of the HOMO of the hole transporting layer 122 and the
energy level C2 of the HOMO of the first light emitting
portion is 0.1 eV, which is not greater than the first threshold.
The energy level C1 of the LUMO of the first light emitting
portion is 2.6 eV. The energy level D1 of the LUMO of the
electron transporting layer 141 is 3.0 eV. The difference
between the energy level C1 of the LUMO of the first light
emitting portion and the energy level D1 of the LUMO of
the electron transporting layer 141 is 0.4 eV, which is greater
than the first threshold. The materials of individual layers in
this example can be the same as that in the first example.

Third Example

[0060] The structure of the organic light emitting element
in this example is similar to that in the first example except
that the energy levels of individual layers are different from
that in the first example. The energy level B2 of the HOMO
of the hole transporting layer 122 is 5.2 eV. The energy level
C2 of the HOMO of the first light emitting portion P1 is 5.8
eV. The difference between the energy level B2 of the
HOMO of the hole transporting layer 122 and the energy
level C2 of the HOMO of the first light emitting portion is
0.6 eV, which is greater than the first threshold. The energy
level C1 of the LUMO of the first light emitting portion is
2.6 eV. The energy level D1 of the LUMO of the electron
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transporting layer 141 is 2.7 eV. The difference between the
energy level C1 of the LUMO of the first light emitting
portion and the energy level D1 of the LUMO of the electron
transporting layer 141 is 0.1 eV, which is not greater than the
first threshold. The materials of individual layers in this
example can be the same as that in the first example.

[0061] According to the background as mentioned above,
the turn-on voltage of the red sub-pixel is the lowest, and the
turn-on voltage of the first light emitting portion which emits
red light can be increased by the energy levels of individual
layers which are set as mentioned above. After the turn-on
voltage of the first light emitting portion which emits red
light is increased, the turn-on voltage of the third light
emitting portion which emits green light become the lowest
among all the light emitting portions, and thus the third light
emitting portion can be processed similarly. In other words,
with respect to the third light emitting portion which emits
light of the third color, a difference of an energy level
between that of the hole layer and the third light emitting
portion and/or a difference of an energy level between that
of the third light emitting portion and the electron layer is
greater than or equal to a first threshold, so that a difference
of a turn-on voltage between that of the second light emitting
portion and the third light emitting portion is smaller than a
fourth threshold. According to an embodiment, the fourth
threshold can be 0.4V to 0.6V. According to an exemplary
embodiment, only the difference between the energy level of
the hole layer and the energy level of the third light emitting
portion or the difference between the energy level of the
third light emitting portion and the energy level of the
electron layer is greater than or equal to the first threshold,
so that the turn-on voltages of the first light emitting portion,
the second light emitting portion and the third light emitting
portion can become close to each other.

[0062] In addition, the organic light emitting element is an
electroluminescent element, and the equivalent circuit of the
organic light emitting element can be resistors, inductors,
capacitors and light emitting materials (that is, light emitting
layers) being disposed between a positive electrode and a
negative electrode, and thus the mobilities of the light
emitting materials can directly influence the serial resistance
of the organic light emitting element. In a modified embodi-
ment of the above embodiments, the electron mobility of the
first light emitting portion P1 can be smaller than the
electron mobility of the second light emitting portion P2, so
that the serial resistance can be increased. Consequently, the
turn-on voltage of the first light emitting portion P1 can be
increased to improve the color shift under low gray scales.
According to an exemplary embodiment, the electron mobil-
ity of the first light emitting portion P1 is smaller than 10
em?/Vs. For example, materials having poor conjugation
level such as Be(PP): 10-hydroxybenzo[H]quinoline or
Alg3: 8-hydroxyquinoline aluminum salt can be selected to
improve low electron mobility of the light emitting portion.
Similarly, the electron mobility of the third light emitting
portion P3 can be smaller than the electron mobility of the
second light emitting portion P2. For example, the electron
mobility of the third light emitting portion P3 can be smaller
than 1073 cm,/V's so that the turn-on voltage of the third light
emitting portion P3 can be increased and thereby the turn-on
voltages of the first light emitting portion, the second light
emitting portion and the third light emitting portion can be
further homogenized.
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[0063] FIG. 6 illustratively shows a voltage-brightness
graph of the first light emitting portion of the organic light
emitting element provided by the present disclosure and a
voltage-brightness graph of the first light emitting portion of
the organic light emitting element in conventional technolo-
gies. As can be clearly seen from FIG. 6, the turn-on voltage
of the first light emitting portion provided by the present
disclosure is increased, and thus the display problem of color
shift under low gray scales is improved.

[0064] According to another aspect of the present disclo-
sure, there is provided a display panel, as shown in FIG. 7.
The display panel shown in FIG. 7 includes a substrate 210.
Thin Film Transistor (TFT) elements are disposed on the
substrate 210. Each of the TFT element can include a gate
220, a gate insulation layer 230, an active layer 240, a source
250 and a drain 260 sequentially formed on the substrate
210. A planarization layer 270 is disposed on the TFT
element (i.e., on the source 250 and the drain 260).

[0065] The planarization layer 270 has an opening pro-
vided therein to enable the anode 281 of the organic light
emitting element 280 to be connected with the drain 260.
The structure of the organic light emitting 280 is as shown
in FIG. 4, and the anode 281 of the organic light emitting
element 280 is in contact with the drain 260 via the opening.
A pixel defining layer 290 is provided among the organic
light emitting elements 280.

[0066] Specifically, the exemplary embodiment as shown
in FIG. 7 provides a display panel including bottom-gate
type TFT elements. One of ordinary skill in this art can
conceive many modified embodiments of display panel
structures according to TFT elements of different structures,
for example, some layers can be omitted or added according
to actual requirements and detailed descriptions thereof are
omitted here.

[0067] According to another aspect of the present disclo-
sure, there is provided a display device including the above
display panel. The display device can be an individual
screen, or an electronic device integrated with a processor,
for example a mobile phone, a tablet and the like. One of
ordinary skill in this art can realize different display devices,
and detailed descriptions thereof are omitted here.

[0068] Embodiments of the present disclosure has at least
one of the following advantages over conventional technolo-
gies:

[0069] (1) The difference of the energy level between that
of the first light emitting portion which for example may
emit red light and the hole layer and/or the difference of the
energy level between that of the first emitting portion and the
electron layer is greater than or equal to the first threshold,
and thus the turn-on voltage of the first light emitting portion
can be increased, and thereby the color shift of the red light
under low gray scales can be improved.

[0070] (2) The difference of the energy level between that
of the third light emitting portion which for example may
emit green light and the hole layer and/or the difference of
the energy level between that of the third light emitting
portion and the electron layer is greater than or equal to the
third threshold, and thus the turn-on voltage of the third light
emitting portion can be increased, and thereby the turn-on
voltages of the first light emitting portion, the second light
emitting portion and the third light emitting portion become
close to each other. Consequently, the color shift of the
whole display under low gray scales can be improved.
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[0071] (3) Each of the electron motilities of the first light
emitting portion and the third light emitting portion is
smaller than the electron mobility of the second light emit-
ting portion, and thus the turn-on voltages of the first light
emitting portion, the second light emitting portion and the
third light emitting portion can be further homogenized.
[0072] Exemplary embodiments of the present disclosure
are described above. It should be appreciated that the present
disclosure is not limited to the disclosed embodiments.
Instead, the present disclosure is intended to encompass
various modifications and equivalent replacements within
the scope as defined by the appended claims.

What is claimed is:

1. An organic light emitting element, comprising:

a first electrode;

a hole layer disposed on the first electrode;

a light emitting layer disposed on the hole layer and
comprising a first light emitting portion, a second light
emitting portion and a third light emitting portion;

an electron layer disposed on the light emitting layer; and

a second electrode disposed on the electron layer;

wherein a difference of an energy level between that of the
hole layer and the first light emitting portion and/or a
difference of an energy level between that of the first
light emitting portion and the electron layer is greater
than or equal to a first threshold, so that a difference of
a turn-on voltage between that of the first light emitting
portion and the second light emitting portion is smaller
than a second threshold.

2. The organic light emitting element according to claim

1, wherein the first light emitting portion, the second light
emitting portion and the third light emitting portion emit
different colors.

3. The organic light emitting element according to claim

1, wherein the difference of the energy level between that of
the hole layer and the first light emitting portion is a
difference of an energy level of a highest occupied molecular
orbital between that of the hole layer and the first light
emitting portion.

4. The organic light emitting element according to claim

1, wherein the difference of the energy level between that of
the first light emitting portion and the electron layer is a
difference of an energy level of a lowest unoccupied molecu-
lar orbital between that of the first light emitting portion and
the electron layer.

5. The organic light emitting element according to claim

1, wherein the hole layer comprises:

a hole injection layer disposed on the first electrode; and

a hole transporting layer disposed between the hole injec-
tion layer and the light emitting layer.

6. The organic light emitting element according to claim

5, wherein the difference of the energy level between that of
the hole layer and the first light emitting portion is a
difference of energy level between that of the hole trans-
porting layer and the first light emitting portion.

7. The organic light emitting element according to claim

1, wherein the electron layer comprises:

an electron injection layer disposed on the light emitting
layer; and

an electron transporting layer disposed between the elec-
tron injection layer and the second electrode.

8. The organic light emitting element according to claim

7, wherein the difference of the energy level between that of
the first light emitting portion and the electron layer is a
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difference of an energy level between that of the first light
emitting portion and the electron transporting layer.

9. The organic light emitting element according to claim
1, wherein the electron layer is formed by 4,7-diphenyl-1,
10-phenanthroline or 1,3,5-tris(1-phenyl-1H-benzimidazol-
2-yl)benzene; or

the hole layer is formed by 4,4'.4"-tris(carbazol-9-y1)-

triphenylamine, or N,N-diphenyl-N,N-[(1-naphthale-
nyl)- 1,1'-biphenyl-4,4-diamine (NPD); or

the first light emitting portion is formed by 1,3-bis(car-

bazol)-9-yl-benzene or 10-hydroxybenzo[H]quinolone.

10. The organic light emitting element according to claim
1, wherein the first threshold is from 0.2 eV to 0.4 eV.

11. The organic light emitting element according to claim
1, wherein an electron mobility of the first light emitting
portion is smaller than an electron mobility of the second
light emitting portion.

12. The organic light emitting element according to claim
11, wherein the electron mobility of the first light emitting
portion is smaller than 107> cm*/Vs.

13. The organic light emitting element according to claim
1, wherein the second threshold is from 0.4V to 0.6V.

14. The organic light emitting element according to claim
1, wherein a difference of an energy level between that of the
hole layer and the third light emitting portion and/or a
difference of an energy level between that of the third light
emitting portion and the electron layer is greater than or
equal to a third threshold, so that a difference of the turn-on
voltage between that of the second light emitting portion and
the third light emitting portion is smaller than a fourth
threshold.

15. The organic light emitting element according to claim
14, wherein the third threshold is from 0.2 eV to 0.4 eV.

16. The organic light emitting element according to claim
14, wherein an electron mobility of the third light emitting
device is smaller than the electron mobility of the second
light emitting portion.

17. The organic light emitting element according to claim
16, wherein the electron mobility of the third light emitting
portion is smaller than 10~ cm?/Vs.
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18. The organic light emitting element according to claim
14, wherein the fourth threshold is from 0.4V to 0.6V.

19. A display panel, comprising an organic light emitting

element;

wherein the organic light emitting element comprises:

a first electrode;

a hole layer disposed on the first electrode;

a light emitting layer disposed on the hole layer and
comprising a first light emitting portion, a second light
emitting portion and a third light emitting portion;

an electron layer disposed on the light emitting layer; and

a second electrode disposed on the electron layer;

wherein a difference of an energy level between that of the

hole layer and the first light emitting portion and/or a

difference of an energy level between that of the first

light emitting portion and the electron layer is greater
than or equal to a first threshold, so that a difference of

a turn-on voltage between that of the first light emitting

portion and the second light emitting portion is smaller

than a second threshold.

20. A display device, comprising a display panel com-

prising an organic light emitting element;

wherein the organic light emitting element comprises:

a first electrode;

a hole layer disposed on the first electrode;

a light emitting layer disposed on the hole layer and
comprising a first light emitting portion, a second
light emitting portion and a third light emitting
portion;

an electron layer disposed on the light emitting layer;
and

a second electrode disposed on the electron layer;

wherein a difference of an energy level between that of the

hole layer and the first light emitting portion and/or a

difference of an energy level between that of the first

light emitting portion and the electron layer is greater
than or equal to a first threshold, so that a difference of

a turn-on voltage between that of the first light emitting

portion and the second light emitting portion is smaller

than a second threshold.
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