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ORGANIC LIGHT EMITTING DIODE AND
DISPLAY DEVICE THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Chinese Patent
Application No. 201510222251.9, filed on May 4, 2015, the
contents of which are incorporated by reference in the
entirety.

FIELD

[0002] The present invention relates to organic electrolu-
minescence technology, more particularly, to an organic
light emitting diode and a display device thereof.

BACKGROUND

[0003] An organic light emitting diode (OLED) typically
include a cathode and an anode, and light emitting units
between the cathode and the anode. An OLED can be a
single unit OLED or a tandem OLED. A single unit OLED
has only one light emitting unit, which includes a hole
injection layer (HIL), a hole transport layer (HTL), an
emitting material layer (EML), an electron transport layer
(ETL), and an electron injection layer (EIL). A tandem
OLED has multiple light emitting units connected in series
between the cathode and the anode.

SUMMARY

[0004] In one aspect, the present invention provides an
organic light emitting diode comprising a cathode; an anode;
a plurality of light emitting layers connected in series
between the cathode and the anode; and to charge generation
layer between at least one pair of adjacent light emitting
layers. At least one light emitting layer comprises a host
layer having charge transport property.

[0005] Optionally, the charge generation layer is adjacent
to ahole injection layer of a neighboring light emitting layer.
[0006] Optionally, a majority of the host has a charge
mobility rate larger than 10~ cm*/Vs.

[0007] Optionally, the host layer comprises an N-type
host.
[0008] Optionally, the at least one light emitting layer

further comprises a hole transport layer on a side of the host
layer distal to the cathode.

[0009] Optionally, the host layer is in direct contact with
the cathode,
[0010] Optionally, the host layer is in direct contact with

the charge generation layer.

[0011] Optionally, the N-type host has electron transport
property, and comprises one or more compounds selected
from a group consisting of oxazole derivatives and dendrim-
ers thereof, metal chelates, azole compounds, quinoline
derivatives, quinoxaline derivatives, di-aza anthracene
derivatives, phenanthroline, heterocyclic silicon com-
pounds, and perfluorinated -s oligomers.

[0012] Optionally, the thickness of the host layer is in a
range of around 25 nm to around 60 mn.

[0013] Optionally, a lowest unoccupied molecular orbital
energy level of the N-type host is higher than that of the
charge generation layer by a difference within about 0.2 eV.

[0014] Optionally, the host layer comprises a P-type host.
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[0015] Optionally, the at least one light emitting layer
further comprises an electron transport layer on a side of the
host layer distal to the anode.

[0016] Optionally, the at least one light emitting layer
further comprises a hole injection layer sandwiched by the
host layer and the charge generation layer.

[0017] Optionally, the P-type host has hole transport prop-
erty, and comprises triarylamine or derivatives thereof.
[0018] Optionally, the thickness of the host layer is in a
range of around 25 nm to around 60 nm.

[0019] Optionally, the host layer comprises an N-type host
and a P-type host.

[0020] Optionally, the host layer is in direct contact with
the cathode.
[0021] Optionally, the thickness of the host layer is in a

range of around 30 nm to around 65 nm.

[0022] Optionally, a light emitting layer most proximal to
the cathode further comprises an electron injection layer on
a side of the light emitting layer proximal to the cathode.
[0023] Optionally, a light emitting layer most proximal to
the anode further comprises a hole injection layer on a side
of the light emitting layer proximal to the anode.

[0024] In another aspect, the present invention also pro-
vides a display device comprising the organic light emitting
diode as described herein.

BRIEF DESCRIPTION OF THE FIGURES

[0025] The following drawings are merely examples for
illustrative purposes according to various disclosed embodi-
ments and are not intended to limit the scope of the present
invention.

[0026] FIG. 1 is a diagram illustrating the structure of an
organic light emitting diode in an embodiment.

[0027] FIG. 2 is a diagram illustrating the structure of an
organic light emitting diode in another embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0028] The disclosure will now describe more specifically
with reference to the following embodiments. It is to be
noted that the following descriptions of some embodiments
are presented herein for purpose of illustration and descrip-
tion only. It is not intended to be exhaustive or to be limited
to the precise form disclosed.

[0029] Typically, multiple light emitting units of a single
unit OLED are simply stacked together to make a conven-
tional tandem OLED. A conventional OLED therefore has a
complex structure having many layers. The manufacturing
process for making such a conventional OLED has strict
requirements for equipment, and is costly.

[0030] The disclosure in some embodiments provides an
organic light emitting diode having a cathode, an anode, and
a plurality of light emitting layers connected in series
between the cathode and the anode. At least one light
emitting layer includes a host layer. Optionally, the organic
light emitting diode includes a charge generation layer
between at least one pair of adjacent light emitting layers.
Optionally, the organic light emitting diode includes a
charge generation layer between multiple pairs of adjacent
light emitting layers. Optionally, the organic light emitting
diode includes a charge generation layer between every pair
of adjacent light emitting layers. Optionally, the charge
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generation layer is adjacent to a hole injection layer of a
neighboring light emitting layer.

[0031] The host layer has charge transport property, there-
fore functions as both a charge transport layer and a light
emitting layer. Due to the charge transport property of the
host layer, the number of independent charge transport
layers (e.g., a charge transport layer which is not also an
emission layer) in an organic light emitting diode can thus
be reduced.

[0032] Depending on the types of hosts used, the host
layer can have electron transport property or hole transport
property, or both. For example, an N-type host layer would
possess electron transport property. A P-type host layer
would possess hole transport property. A host layer may
have both N-type and P-type hosts. Such a host layer would
have both electron transport property and hole transport
property.

[0033] Due to the electron transport property of the N-type
host and the hole transport property of the P-type host, the
manufacturing process of the organic light emitting diode
can be simplified. For example, when an N-type host layer
is used, an electron transport layer in the OLED can be
eliminated without affecting the properties of the OLED.
Similarly, when a P-type host is used, a hole transport layer
in the OLED can be eliminated without affecting the prop-
erties of the OLED. Moreover, when a host layer containing
both an N-type host and a P-type host is used, an electron
transport layer and a hole transport layer can both be
eliminated without affecting the properties of the OLED.
[0034] Various N-type hosts and P-type hosts having
charge transport property can be used for making the host
layer. Examples of N-type hosts include, but are not limited
to, oxazole derivatives and dendrimers thereof, metal che-
lates, azole compounds, quinoline derivatives, quinoxaline
derivatives, di-aza anthracene derivatives, phonanthroline,
heterocyclic silicon compounds, and perfluorinated -s oli-
gomers. Examples of P-type hosts include, but are not
limited to, triarylamine and derivatives thereof.

[0035] Optionally, the hosts have relatively high charge
mobility rate, e.g., >1x10_, em*Vs, 5x10~* ¢m*/Vs or
1x10~> cm?*/Vs. Optionally, a majority of the host has a
charge mobility rate, e.g., >1x107* cm*/Vs, 5x10 cm*/ Vs or
1x1073 em*/Vs.

[0036] Optionally, the thickness of the host layer can be
designed to be in the range of around 25 nm to around 60
nm, e.g., around 25 nm to around 30 nm, around. 30 nm to
around 40 nm, around 40nm to around 50 nm, or around 50
nm to around 60 nm. Optionally, When the host layer
includes both a P-type host and an N-type host, the thickness
of the host layer is in the range of around 30 nm to around
65 nm, e.g., around 30 nm to around 40 nm, around 40 nm
to around 50 nm, around 50 nm to around 60 nm, or around
60 nm to around 65 nm. Optionally, the lowest unoccupied
molecular orbital energy level of the N-type host is higher
than that of the charge generation layer. Optionally, the
lowest unoccupied molecular orbital energy level of the
N-type host is higher than that of the charge generation layer
by a difference within about 0.2 eV.

[0037] Optionally, when the host layer is an N-type host,
the light emitting layer further includes a hole transport layer
on a side of the host layer distal to the cathode. For example,
in a light emitting layer that is most proximal to the anode
and is between the anode and a charge generation layer, the
hole transport layer is on a side of the host layer distal to the

May 4, 2017

cathode (e.g., proximal to the anode). In a light emitting
layer that is most proximal to the cathode and is between the
cathode and a charge generation layer, the hole transport
layer is on the side of the host layer distal to the cathode
(e,g., proximal to the anode). Similarly, a hole transport
layer in a light emitting layer other than those proximal to
the cathode and the anode may be on a side of the host layer
distal to the cathode.

[0038] When an N-type host layer is included in to light
emitting layer most proximal to the cathode, the OLED
manufacturing process can be further simplified by elimi-
nating a charge generation layer between the cathode and the
host layer. Optionally, in a light emitting layer most proxi-
mal to the cathode, the host layer is in direct contact with the
cathode.

[0039] When an N-type host layer is used in a light
emitting layer distal to the cathode, the OLED manufactur-
ing process can be further simplified by eliminating an
electron transport layer between a charge generation layer
and a host layer of a light emitting layer. Optionally, the host
layer is in direct contact with the charge generation layer.

[0040] Optionally, when the host layer is a P-type host
layer, the light emitting layer further includes an electron
transport layer on a side of the host layer distal to the anode.
For example, in a light emitting layer that is most proximal
to the cathode and is between the cathode and a charge
generation layer, the electron transport layer is on a side of
the host layer distal to the cathode (e.g., proximal to the
cathode). In a light emitting layer that is most proximal to
the anode and is between the anode and a charge generation
layer, the electron transport layer is disposed on the side
distal to the anode (e.g., proximal to the cathode). Similarly,
an electron transport layer in a light emitting layer other than
those proximal to the cathode and the anode may be on a side
of the host layer distal to the anode.

[0041] Optionally, when the host layer contains a P-type
host, the light emitting layer is distant from the anode (e.g.,
other than the layer most proximal to the anode). Optionally,
when the P-type light emitting layer is distant from the
anode, the P-type light emitting layer further comprises a
hole injection layer sandwiched by the host layer and a
charge generation layer.

[0042] When the host layer includes both an N-type host
and a P-type host, optionally the host layer is in direct
contact with the cathode.

[0043] In some embodiments, the properties of the OLED
may be further improved by including an electron injection
layer in a light emitting layer most proximal to the cathode.
The electron injection layer is on a side of the light emitting
layer proximal to the cathode.

[0044] Similarly, the properties of the OLED may be
improved by including a hole injection layer in a light
emitting layer most proximal to the anode. The hole injec-
tion layer is on a side of the light emitting layer proximal to
the anode.

[0045] The light emitting layer may include light emitting
materials of different colors. For example, the host (e.g., an
N-type, a P-type, or both) material can be mixed with
various light emitting materials of different colors for mak-
ing the host layer. Optionally, an OLED has two light
emitting layers each containing blue light emitting material,
and a third light emitting layer containing red and green light
emitting materials.
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[0046] Various appropriate materials may be used for
making the charge generation layer. Examples of such
materials include, but are not limited to, oxazole derivatives
and dendrimers thereof metal chelates, azole compounds,
quinoline derivatives, quinoxaline derivatives, di-aza
anthracene derivatives, phenanthroline, heterocyclic silicon
compounds, and periluorinated -s oligomers.

[0047] FIG. 1 is a diagram illustrating the structure of an
organic light emitting diode in an embodiment. Referring to
FIG. 1, the organic light omitting diode in the embodiment
includes three light emitting layers. The light emitting layer
most proximal to the anode 11 is the first light emitting layer
21. The light emitting layer most proximal to the cathode 12
is the third light emitting layer 23. The light emitting layer
in the middle is the second light emitting layer 22. A charge
generation layer 3 is disposed between the first light emitting
layer 21 and the second light emitting layer 22, and between
the second light emitting layer 22 and the third light emitting
layer 23. The charge generation layers 3 are adjacent to the
hole injection layers in the second light emitting layer 22 and
the third light emitting layer 23, respectively.

[0048] Referring to FIG. 1, the first light emitting layer 21
includes three layers: a hole injection layer (H IL). a hole
transport layer (HTL), and an N-type host. B-EML layer.
The N-type host, Li-EML layer is a host layer for emitting
blue light. The thickness of the host layer in the embodiment
is larger than 25 nm. The second light emitting layer 22
includes three layers; a hole injection layer (HIL), a P-type
host, GD, RD layer, and an electron transport (ETL) layer.
GD refers to green light emitting material, and RD refers to
red light emitting material. The P-type host, GD, RD layer
is a host layer containing a P-type, host mixed with green
light emitting material and red light emitting material. The
thickness of the host layer in the embodiment is larger than
25 nm. The third light emitting layer 23 includes four layers:
ahole injection layer (HIL), a hole transport layer (HTL), an
N-type host, B-EML layer (the host layer), and an electron
injection layer (EIL). The thickness of the host layer in the
embodiment is larger than 25 nm.

[0049] FIG. 2 is a diagram illustrating the structure of an
organic light emitting diode in another embodiment. Refer-
ring to FIG. 2, the organic light emitting diode in the
embodiment includes three light emitting layers. The light
emitting layer most proximal to the anode 11 is the first light
emitting layer 21. The light emitting layer most proximal to
the cathode 12 is the third light emitting layer 23. The light
emitting layer in the middle is the second light emitting layer
22. A charge generation layer 3 is disposed between the first
light emitting layer 21 and the second light emitting layer
22, and between the second light emitting layer 22 and the
third light emitting layer 23. The charge generation layer 3
is adjacent to a hole injection layer of a neighboring light
emitting layer.

[0050] Referring to FIG. 2, the first light emitting layer 21
includes three layers: a hole injection layer (HIL), a hole
transport layer (HTL), and an N-type host, B-EML layer.
The N-type host, B-EML layer is a host layer for emitting
blue light. The thickness of the host layer in the embodiment
is larger than 25 nm. The second light emitting layer 22
includes two layers: a hole injection layer (HIL), and a
P-type, N-type, YD layer. YD refers to yellow light emitting
material. The P-type, N-type, YD layer is a host layer
containing a P-type host and an N-type host mixed with
yellow light emitting material. The thickness of the host
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layer in the embodiment is larger than 30 nm. The third light
emitting layer 23 includes four layers: a hole injection layer
(HIL), a hole transport layer (HTL), an N-type host, B-EML
layer (the host layer), and an electron injection layer The
thickness of the host layer in the embodiment is larger than
25 nm.

[0051] As compared to conventional organic light emit-
ting diode in which multiple light emitting units of a single
unit OLED are simply stacked together, the number of layers
in the organic light emitting diodes of FIGS. 1 and 2 are
much reduced due to the charge transport property of the
host layer.

[0052] The organic light emitting diodes are provided in
FIGS. 1 and 2 as illustrating examples. Various modifica-
tions and similar arrangements can be made based on the
detailed description of the disclosure. For example, the
organic light emitting diodes may have additional charge
transport layers. For example, the number of light emitting
layers can be more than three, e.g., 4, 5,6, 7, 8, 9, 10, 11.
Optionally, the number of light emitting layers is less than
15,14, 13,12, 11, 10,9, 8,7, 6, 5, 4. Optionally, the number
of total organic layers in the organic light emitting diode is
less than 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10.

[0053] The present invention also provides a display
device having an organic light emitting device as described
herein. The display device can be of any suitable type, e.g.,
an electronic paper display device, an °OLED display panel,
a mobile phone, an AMOLED display device, an AMOLED
television, a laptop, a computer, PDA, GPS, an in-vehicle
display device, a projection display, a camera, a video
recorder, a digital camera, an electronic watch, a calculator,
a meter, a public display, a virtual display, and so on.
[0054] The foregoing description of the embodiments of
the invention has been presented for purposes of illustration
and description. It is not intended to be exhaustive or to limit
the invention to the precise form or to exemplary embodi-
ments disclosed. Accordingly, the foregoing description
should be regarded as illustrative rather than restrictive.
Obviously, many modifications and variations will be appar-
ent to practitioners skilled in this art. The embodiments are
chosen and described in order to best explain the principles
of the invention and its best mode practical application,
thereby to enable persons skilled in the art to understand the
invention for various embodiments and with various modi-
fications as are suited to the particular use or implementation
contemplated. It is intended that the scope of the invention
be defined by the claims appended hereto and their equiva-
lents in which all terms are meant in their broadest reason-
able sense unless otherwise indicated. Therefore, the term
“the invention”, “the present invention” or the like does not
necessarily limit the claim scope to a specific embodiment,
and the reference to exemplary embodiments of the inven-
tion does not imply a limitation on the invention, and no
such limitation is to be inferred. The invention is limited
only by the spirit and scope of the appended claims. More-
over, these claims may refer to use “first”, “second”, etc.
following with noun or element. Such terms should be
understood as a nomenclature and should not be construed
as giving the limitation on the number of the elements
modified by such nomenclature unless specific number has
been given. Any advantages and benefits described may not
apply to all embodiments of the invention. It should be
appreciated that variations may be made in the embodiments
described by persons skilled in the art without departing
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from the scope of the present invention as defined by the
following claims. Moreover, no element and component in
the present disclosure is intended to’be dedicated to the
public regardless of whether the element or component is
explicitly recited in the following claims.

1. An organic light emitting diode, comprising:

a cathode;

an anode;

a plurality of light emitting layers connected in series

between the cathode and the anode; and

a charge generation layer between at least one pair of

adjacent light emitting layers;

wherein at least one light emitting layer comprises a host

layer having charge transport property.

2. The organic light emitting diode of claim 1, wherein the
charge generation layer is adjacent to a hole injection layer
of a neighboring light emitting layer.

3. The organic light emitting diode of claim 1, wherein a
majority of the host has a charge mobility rate larger than
10 cm?/ V.

4. The organic light emitting diode of claim 1, wherein the
host layer comprises an N-type host.

5. The organic light emitting diode of claim 4, wherein the
at least one light emitting layer further comprises a hole
transport layer on a side of the host layer distal to the
cathode.

6. The organic light emitting diode of claim 4, wherein the
host layer is in direct contact with the cathode.

7. The organic light emitting diode of claim 4, wherein the
host layer is in direct contact with the charge generation
layer.

8. The organic light emitting diode of claim 4, wherein the
N-type host has electron transport property, and comprises
one or more compounds selected from a group consisting of
oxazole derivatives and dendrimers thereof, metal chelates,
azole compounds, quinoline derivatives, quinoxaline deriva-
tives, di-aza anthracene derivatives, phenanthroline, hetero-
cyclic silicon compounds, and perfluorinated -s oligomers.
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9. The organic light emitting diode of claim 4, wherein the
thickness of the host layer is in a range of around 25 nm to
around 60 nm.

10. The organic light emitting diode of claim 4, wherein
a lowest unoccupied molecular orbital energy level of the
N-type host is higher than that of the charge generation layer
by a difference within about 0.2 eV.

11. The organic light emitting diode of claim 1, wherein
the host layer comprises a P-type host.

12. The organic light emitting diode of claim 11, wherein
the at least one light emitting layer further comprises an
electron transport layer on a side of the host layer distal to
the anode.

13. The organic light emitting diode of claim 11, wherein
the at least one light emitting layer further comprises a hole
injection layer sandwiched by the host layer and the charge
generation layer.

14. The organic light emitting diode of claim 11, wherein
the P-type host has hole transport property, and comprises
triarylamine or derivatives thereof.

15. The organic light emitting diode of claim 11, wherein
the thickness of the host layer is in a range of around 25 nm
to around 60 nm.

16. The organic light emitting diode of claim 1, wherein
the host layer comprises an N-type host and a P-type host.

17. The organic light emitting diode of claim 16, wherein
the host layer is in direct contact with the cathode.

18. The organic light emitting diode of claim 16, wherein
the thickness of the host layer is in a range of around 30 nm
to around 65 nm.

19. The organic light emitting diode of claim 1, wherein
a light emitting layer most proximal to the cathode further
comprises an electron injection layer on a side of the light
emitting layer proximal to the cathode.

20. The organic light emitting diode of claim 1, wherein
a light emitting layer most proximal to the anode further
comprises a hole injection layer on a side of the light
emitting layer proximal to the anode.

21. (canceled)
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