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(7) ABSTRACT

The present application discloses an organic light emitting
device. The organic light emitting device includes a first
electrode; an organic layer an the first electrode, the organic
layer having an organic light emitting layer; a second
electrode on a side of the organic layer distal to the first
electrode; an electrochromic layer between the first elec-
trode and the organic layer; and a third electrode between the
electrochromic layer and the organic layer.
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formung a fivst edectrode on a base substrate

'

formang an electrochromic laver on a side of the fist electrode
distal to the base subsirate

¢

forming a third electrode on a side of the electrochromic laver
distal o the first electrode

I

forming an organic layer on a side of the third electrode and the
first electrode distal to the base substrate

'

fornung a second electrode on a side of the organic laver distal
ta the first electrode;
wherein fornng the organic laver compnises forming an organic
hight enutting layer

FIG. 2
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ORGANIC LIGHT EMITTING DEVICE,
DISPLAY APPARATUS, METHOD OF
CONTROLLING COLOR TEMPERATURE
OF LIGHT EMITTED FROMORGANIC
LIGHT EMITTING DEVICE, AND METHOD
OF FABRICATING ORGANIC LIGHT
EMITTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Chinese Patent
Application No. 201710335018.0, filed May 12, 2017, the
contents of which are incorporated by reference in the
entirety.

TECHNICAL FIELD

[0002] The present invention relates to display technology,
more particularly, to an organic light emitting device, dis-
play apparatus, a method of controlling color temperature of
light emitted from an organic light emitting device, and a
method of fabricating an organic light emitting device.

BACKGROUND

[0003] Organic light emitting diode (OLED) display appa-
ratuses are self-emissive devices, and do not require back-
lights. OLED display apparatuses also provide more vivid
colors and a larger color gamut as compared to the conven-
tional liquid crystal display (LCD) apparatuses. Further,
OLED display apparatuses can be made more flexible,
thinner, and lighter than a typical LCD.

[0004] An OLED display apparatus typically includes an
anode, an organic layer including an organic light emitting
layer, and a cathode. OLEDs can either be a bottom-
emission type OLED or a top-emission type OLED. In
bottom-emission type OLEDs, the light is extracted from an
anode side. In bottom-emission type OLEDs, the anode is
generally transparent, while a cathode is generally reflective.
In a top-emission type OLED, light is extracted from a
cathode side. The cathode is optically transparent, while the
anode is reflective.

SUMMARY

[0005] In one aspect, the present invention provides an
organic light emitting device comprising a first electrode; an
organic layer on the first electrode, the organic layer com-
prising an organic light emitting layer, a second electrode on
a side of the organic layer distal to the first electrode; an
electrochromic layer between the first electrode and the
organic layer; and a third electrode between the electrochro-
mic layer and the organic layer.

[0006] Optionally, a refractive index of the electrochromic
layer is tunable.

[0007] Optionally, the organic light emitting device com-
prises a first microcavity in a first region corresponding to
the third electrode; and a second microcavity in a second
region, the second region corresponding to the first electrode
and outside the first region; wherein a refractive index of the
first microcavity is tunable.

[0008] Optionally, an effective optical distance of the first
microcavity is adjustable by adjusting an electrical potential
difference between the first electrode and the third electrode.
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[0009] Optionally, the third electrode is formed substan-
tially in the first region, the first electrode is formed sub-
stantially in the first region and the second region.

[0010] Optionally, the first electrode comprising a metallic
material, the second electrode and the third electrode are
substantially transparent electrodes.

[0011] Optionally, the first electrode comprises one or a
combination of aluminum and silver.

[0012] Optionally, orthographic projections of the first
electrode and the second electrode on a plane containing a
surface of the first electrode cover orthographic projections
of the electrochromic layer and the third electrode on the
plane containing the surface of the first electrode.

[0013] Optionally, orthographic projections of the third
electrode and the electrochromic layer substantially overlap
with each other.

[0014] Optionally, the organic light emitting device fur-
ther comprises a planarization layer between the third elec-
trode and the organic layer.

[0015] Optionally, the planarization layer comprises a
conductive polymer material.

[0016] Optionally, the planarization layer has a thickness
in a range of approximately 100 nm to approximately 300
nm.

[0017] Optionally, the first electrode has a thickness in a
range of approximately 10 nm to approximately 300 nm; the
second electrode has a thickness in a range of approximately
10 n to approximately 20 nm; and the third electrode has a
thickness in a range of approximately 5 nm to approximately
20 nm.

[0018] Optionally, the electrochromic layer comprises one
or a combination of tungsten oxide, a polythiophene elec-
trochromic material or derivatives thereof a viologen elec-
trochromic material or derivatives thereof, a tetrathiafulva-
lene electrochromic material or derivatives thereof, and a
metal-phthalocyanine electrochromic material or derivatives
thereof.

[0019] Optionally, the second electrode is a cathode, the
first electrode and the third electrode are anodes.

[0020] In another aspect, the present invention provides a
display apparatus comprising the organic light emitting
device described herein or fabricated by a method described
herein.

[0021] In another aspect, the present invention provides a
method of controlling color temperature of light emitted
from the organic light emitting device described herein or
fabricated by a method described herein, comprising apply-
ing a first voltage signal to the first electrode; applying a
second voltage signal to the second electrode; and applying
a third voltage signal to the third electrode.

[0022] Optionally, the method further comprises adjusting
color temperature of light emitted from the organic light
emitting device by adjusting one or a combination of an
electrical potential difference between the first electrode and
the third electrode, an electrical potential difference between
the second electrode and the third electrode, and an electrical
potential difference between the first electrode and the
second electrode.

[0023] Optionally, the organic light emitting device com-
prises a first microcavity in a first region corresponding to
the third electrode; and a second microcavity in a second
region, the second region outside the first region and cor-
responding to the first electrode, the method further com-
prises adjusting color temperature of light emitted from the
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first microcavity by adjusting one or a combination of an
electrical potential difference between the first electrode and
the third electrode and an electrical potential difference
between the second electrode and the third electrode.
[0024] Optionally, the organic light emitting device com-
prises a first microcavity in a first region corresponding to
the third electrode; and a second microcavity in a second
region, the second region outside the first region and cor-
responding to the first electrode; the method further com-
prises adjusting color temperature of light emitted from the
second microcavity by adjusting an electrical potential dif-
ference between the first electrode and the second electrode.
[0025] In another aspect, the present invention provides a
method of fabricating an organic light emitting device,
comprising forming a first electrode on a base substrate;
forming an electrochromic layer on a side of the first
electrode distal to the base substrate; forming a third elec-
trode on a side of the electrochromic layer distal to the first
electrode; forming an organic layer on a side of the third
electrode and the first electrode distal to the base substrate;
and forming a second electrode on a side of the organic layer
distal to the first electrode; wherein forming the organic
layer comprises forming an organic light emitting layer.
[0026] Optionally, the electrochromic layer and the third
electrode are formed using a single mask plate in a single
patterning process.

BRIEF DESCRIPTION OF THE FIGURES

[0027] 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.

[0028] FIG. 1A is a schematic diagram illustrating the
structure of an organic light emitting device in some
embodiments according to the present disclosure.

[0029] FIG. 1B is a schematic diagram illustrating the
structure of an organic light emitting device in some
embodiments according to the present disclosure.

[0030] FIG. 2 is a flow chart illustrating a method of
fabricating an organic light emitting device in some embodi-
ments according to the present disclosure.

[0031] FIGS. 3A to 3D illustrate a process of fabricating
an organic light emitting device in some embodiments
according to the present disclosure.

DETAILED DESCRIPTION

[0032] The disclosure will now be described more spe-
cifically with reference to the following embodiments. It is
to be noted that the following descriptions of some embodi-
ments are presented herein for purpose of illustration and
description only. It is not intended to be exhaustive or to be
limited to the precise form disclosed.

[0033] In conventional organic light emitting devices,
color temperature of light emitted from the conventional
organic light emitting devices can only be adjusted by
adjusting the voltage applied to the organic light emitting
devices. It is difficult to cover a full spectrum of color
temperatures in the conventional organic light emitting
devices. Moreover, a large color temperature adjustment
requires a large voltage change between the anode and the
cathode, resulting a relatively large change in light intensity
of the emitted light.
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[0034] Accordingly, the present disclosure provides, inter
alia, an organic light emitting device, a display apparatus, a
method of controlling color temperature of light emitted
from an organic light emitting device, and a method of
fabricating an organic light emitting device that substantially
obviate one or more of the problems due to limitations and
disadvantages of the related art. In one aspect, the present
disclosure provides an organic light emitting device. In some
embodiments, the organic light emitting device includes a
first electrode; an organic layer on the first electrode; a
second electrode on a side of the organic layer distal to the
first electrode; an electrochromic layer between the first
electrode and the organic layer, and a third electrode
between the electrochromic layer and the organic layer. The
organic layer includes an organic light emitting layer.
Optionally, the third electrode and the electrochromic layer
are formed substantially in a first region, the first electrode
and the second electrode are formed substantially in a region
greater than, and includes, the first region. Optionally,
orthographic projections of the first electrode and the second
electrode on a plane containing a surface of the first elec-
trode cover orthographic projections of the electrochromic
layer and the third electrode on the plane containing the
surface of the first electrode. As compared to the conven-
tional organic light emitting device, color temperature of
light emitted from the present organic light emitting device
can be adjusted over a relatively large range, without affect-
ing the light intensity of the emitted light.

[0035] FIG. 1A is a schematic diagram illustrating the
structure of an organic light emitting device in some
embodiments according to the present disclosure. FIG. 1B is
a schematic diagram illustrating the structure of an organic
light emitting device in some embodiments according to the
present disclosure. Referring to FIG. 1A and FIG. 1B, the
organic light emitting diode device in some embodiments
includes a first electrode 2 on a base substrate 1; an elec-
trochromic layer 3 on a side of the first electrode 2 distal to
the base substrate 1; a third electrode 4 on a side of the
electrochromic layer 3 distal to the first electrode 2; an
organic layer 6 on a side of the third electrode 4 and the first
electrode 2 distal to the base substrate 1; and a second
electrode 10 on a side of the organic layer 6 distal to the first
electrode 2.

[0036] Referring to FIG. 1A, in some embodiments, the
third electrode 4 is substantially in a first region A. The first
electrode 2 and the second electrode 10 are substantially in
a region greater than, and includes, the first region A. For
example, the first electrode 2 and the second electrode 10 in
FIG. 1A are substantially in both the first region A and a
second region B. The electrochromic layer 3 is not limited
to the first region A. Optionally, the electrochromic layer 3
is substantially in a region greater than, and includes, the
first region A. For example, the electrochromic layer 3 is
substantially in both the first region A and a second region
B. The electrochromic layer 3 is between the first electrode
2 and the third electrode 4. The third electrode 4 is between
the electrochromic layer 3 and the organic layer 6. Option-
ally, orthographic projections of the first electrode 2, the
second electrode 10, and the electrochromic layer 3 on a
plane containing a surface (e.g., a bottom surface) of the first
electrode 2 cover an orthographic projection of the third
electrode 4 on the plane containing the surface of the first
electrode 2.
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[0037] Referring to FIG. 1B, in some embodiments, the
third electrode 4 and the electrochromic layer 3 are substan-
tially in a first region A. The first electrode 2 and the second
electrode 10 are substantially in a region greater than, and
includes, the first region. For example, the first electrode 2
and the second electrode 10 in FIG. 1B are substantially in
both the first region A and a second region B. The electro-
chromic layer 3 is between the first electrode 2 and the third
electrode 4. The third electrode 4 is between the electro-
chromic layer 3 and the organic layer 6. Optionally, ortho-
graphic projections of the first electrode 2 and the second
electrode 10 on a plane containing a surface (e.g., a bottom
surface) of the first electrode 2 cover orthographic projec-
tions of the electrochromic layer 3 and the third electrode 4
on the plane containing the surface of the first electrode 2.
Optionally, orthographic projections of the third electrode 4
and the electrochromic layer 3 substantially overlap with
each other.

[0038] In some embodiments, the organic light emitting
device includes a first microcavity 100 in a first region A
corresponding to the third electrode 4 (and the electrochro-
mic layer 3), and a second microcavity 200 in a second
region B. The second region B is outside the first region A
and corresponding to a portion of the first electrode 2.
Optionally, an optical distance of the first microcavity 100 is
adjustable by adjusting an electrical potential difference
between the first electrode 2 and the third electrode 4.
[0039] The electrochromic layer 3 is made of an electro-
chromic material. As used herein, the term “electrochromic”
refers to a material or a layer that exhibits a stable and
reversible change in its optical characteristics (e.g., one or
more of reflectivity, transmissivity, absorbance, and refrac-
tive index) upon application of an electrical potential dif-
ference. Optionally, the electrochromic material or layer
undergoes a color change upon application of an electrical
potential difference. Optionally, the electrochromic material
or layer undergoes a change in transparency upon applica-
tion of an electrical potential difference. Optionally, the
electrochromic material is an inorganic electrochromic
material. Examples of inorganic electrochromic materials
include transition metal oxides such as WO;, MoO;, Nb,O;.
Fxamples of organic electrochromic materials include poly-
thiophene and derivatives thereof viologen and derivatives
thereof, tetrathiafulvalene and derivatives thereof metal-
phthalocyanine and derivatives thereof, pyridine, aminoqui-
none and azine compounds.

[0040] As shown in FIG. 1B, the electrochromic layer 3 in
some embodiments includes a single electrochromic block
(in each organic light emitting device). Optionally, the
electrochromic layer 3 includes a plurality of electrochromic
blocks, e.g., 2, 3, or more electrochromic blocks.

[0041] The organic layer 6 includes at least an organic
light emitting layer 8. Upon applying voltage signals at the
first electrode 2 and the second electrode 10, positive charge
carriers (holes) and negative charge carriers (electrons) are
generated, respectively. The positive charge carriers and
negative charge carriers recombine in the organic light
emitting layer 8, forming excitons. When the excitons return
to the ground state, their energy is transferred to the organic
light emitting material in the organic light emitting layer 8.
The organic light emitting material is excited from the
ground state to an excited state. When the organic light
emitting material returns to the ground state, the energy is
released in the form of light through radiative decay. Option-
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ally, the organic light emitting layer 8 has a thickness in a
range of approximately 5 nm to approximately 50 nm.

[0042] When an electric field is applied between the anode
and the cathode to inject electrons from the cathode into the
light emitting layer and holes from the anode into the
light-emitting layer, the energy released from the recombi-
nation of the electrons and the holes can oscillate between
excitons and photons at a certain oscillation frequency.
Inside a microcavity, photons may be absorbed by the
de-excited atoms. The de-excited atoms are then re-excited,
and release photons when they return to the ground state.
This process may be repeated multiple times inside the
microcavity, resulting in an enhanced emission intensity at
an emission peak.

[0043] In some embodiments, one of the first electrode 2
and the second electrode 10 is an anode, and the other one
is a cathode. Upon the external electrical field, the anode
generates positive charge carriers (holes), and the cathode
generates negative charge carriers (electrons). Optionally,
the first electrode 2 is an anode and the second electrode 10
is a cathode.

[0044] Optionally, the organic light emitting device is a
top-emission type organic light emitting device. Optionally,
the organic light emitting device is a bottom-emission type
organic light emitting device.

[0045] In some embodiments, the first electrode 2 is made
of a metallic material, and the second electrode 10 is made
of a transparent material, e.g., the second electrode 10 is a
transparent electrode. Optionally, the first electrode 2 made
of the metallic material is a reflective mirror configured to
reflect light emitted from the organic light emitting layer 8
along a direction toward the second electrode 10, the
reflected light then passes through the second electrode 10.
As used herein, the term “substantially transparent” mean at
least 50 percent (e.g., at least 60 percent, at least 70 percent,
at least 80 percent, at least 90 percent, and at least 95
percent) of light in the visible wavelength range transmitted
therethrough.

[0046] Optionally, the first electrode 2 is made of alumi-
num, or silver, or a combination thereof. Optionally, the
second electrode 10 is made of a transparent metal oxide
such as indium tin oxide and indium zinc oxide.

[0047] Insome embodiments, the third electrode 4 is made
of a transparent material, e.g., the third electrode 4 is a
transparent electrode. By having this design, the light emit-
ted from the organic light emitting layer 8 can pass through
the third electrode 4 and reach the first electrode 2, the light
is then reflected by the first electrode 2 along a direction
toward the second electrode 10. Optionally, the third elec-
trode 4 is made of a transparent metal oxide such as indium
tin oxide and indium zinc oxide.

[0048] In some embodiments, the third electrode 4 is an
anode of the first microcavity 100, and the second electrode
10 is a cathode of the first microcavity 100; the first
electrode 2 is an anode of the second microcavity 200, and
the second electrode 10 is a cathode of the second micro-
cavity 200. In some embodiments, the light intensity Ic())
along the length direction of the microcavity (e.g., a direc-
tion substantially perpendicular to the light emitting surface)
can be determined by the following equation:
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[0049] wherein A stands for a wavelength of the light
emitted from the organic light emitting layer 8; x stands for
a distance inside the microcavity between the organic light
emitting layer 8 and the anode; R,, stands for mirror reflec-
tivity of a metal mirror (e.g., the first electrode 2); R, stands
for mirror reflectivity of a dielectric mirror (e.g., a mirror
made of a dielectric material such as silicon oxide and
titanium oxide); L stands for an effective optical distance of
the microcavity; E,(A) stands for distribution of a raw
spectrum (a free space spectrum).

[0050] The effective optical distance of the microcavity
may be determined based on the following equation:

1+ ¢2 @
L= norgdorg - A
[0051] wherein n,,, stands for an effective refractive index

of all layers in the microcavity d, . stands for a total
thickness of all layers in the microcavity; ¢, stands for
reflective phase shift of the metal mirror, and ¢, stands for
reflective phase shift of the dielectric mirror.

[0052] As used herein, the term “microcavity” refers to a
resonant optical cavity in a solid-state light emitting device.
For example, in the context of the present disclosure, the first
electrode 2 and the second electrode 10 constitute two
reflective mirrors in the microcavity.

[0053] Optionally, the microcavity has an optical distance
substantially equal to a sum of optical path lengths of layers
between the first electrode 2 and the second electrode 10. As
used herein, the term “optical path length” refers to a value
obtained by multiplying a refractive index n of a medium
through which the measurement light travels by a distance
the measurement light travels through the medium having
the refractive index n, i.e., the optical path length is equal to
a distance the measurement light would travel through a
vacuum during the time it takes for the measurement light to
travel through the medium having the refractive index n.
[0054] Provided that the electrical potential difference
between the anode and the cathode in the first microcavity
100 is substantially the same as the electrical potential
difference between the anode and the cathode in the second
microcavity 200, the wavelength of light emitted from the
organic light emitting layer 8 in the first microcavity 100
would also be substantially the same as the wavelength of
light emitted from the organic light emitting layer 8 in the
second microcavity 200. Based on the equation (1) and the
equation (2) above, under this condition, the light intensity
of light emitted from the first microcavity 100 is different
from the light intensity of light emitted from the second
microcavity 200, because the distance H1 between the
organic light emitting layer 8 to the anode (the third elec-
trode 4) in the first microcavity 100 is different from the
distance H2 between the organic light emitting layer 8 to the
anode (the first electrode 2) in the second microcavity 200.
When the electrical potential differences between the anode
and the cathode in the first microcavity 100 and in the
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second microcavity 200 are substantially the same, the light
emitted from the first microcavity 100 and the light emitted
from the second microcavity 200 have different wavelengths
and different color temperatures.

[0055] Because the distance H2 between the organic light
emitting layer 8 to the anode (the first electrode 2) in the
second microcavity 200 is greater than the distance H1
between the organic light emitting layer 8 to the anode (the
third electrode 4) in the first microcavity 100, the light
intensity of light emitted from the second microcavity 200 is
greater than the light intensity of light emitted from the first
microcavity 100 when the electrical potential differences
between the anode and the cathode in the first microcavity
100 and in the second microcavity 200 are substantially the
same. Under this condition, comparing the light emitted
from the first microcavity 100 with the light emitted from the
second microcavity 200, the light emitted from the second
microcavity 200 has a higher spectral energy distribution on
the longer wavelength side of the spectrum, a lower color
temperature, and a red color shift; wherein the light emitted
from the first microcavity 100 has a higher spectral energy
distribution on the shorter wavelength side of the spectrum
(e.g., the light emitted from the first microcavity 100 has a
wavelength smaller than that of the light emitted from the
second microcavity 200), a relatively higher color tempera-
ture, and a blue color shift. Thus, when the electrical
potential differences between the anode and the cathode in
the first microcavity 100 and in the second microcavity 200
are substantially the same, the light emitted from the first
microcavity 100 and the light emitted from the second
microcavity 200 have different color temperatures. More-
over, when the adjustment ranges of the electrical potential
difference between the anode and the cathode in the first
microcavity 100 and in the second microcavity 200 are
substantially the same, the first microcavity 100 and the
second microcavity 200 have different adjustment ranges of
color temperature.

[0056] Accordingly, a composite light of the light emitted
from the first microcavity 100 having a first color tempera-
ture and the light emitted from the second microcavity 200
having a second color temperature would have a third color
temperature. The composite light having the third color
temperature emits out of the organic light emitting device.
Optionally, the first color temperature, the second color
temperature, and the third color temperature are different
each other. Thus, both the first color temperature and the
second color temperature can affect the value of the third
color temperature, effectively increasing the adjustment
range of the color temperature of the light emitted from the
organic light emitting device.

[0057] In the present organic light emitting device, color
temperature of the light emitted from the organic light
emitting device can be adjusted in multiple ways. First, by
adjusting an electrical potential difference between the first
electrode 2 and the second electrode 10, the light intensity
Ie(r) along the length direction of the second microcavity
200 can be adjusted, thereby adjusting color temperature of
the light emitted from the organic light emitting device.

[0058] Second, by adjusting an electrical potential differ-
ence between the third electrode 4 and the second electrode
10, color temperature of light emitted from the first micro-
cavity 100 can be adjusted. Third, by adjusting an electrical
potential difference between the third electrode 4 and the
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first electrode 2, color temperature of light emitted from the
first microcavity 100 can also be adjusted.

[0059] In some embodiments, by adjusting an electrical
potential difference between the third electrode 4 and the
first electrode 2, the refractive index of the electrochromic
layer 3, and the effective refractive index of all layers inside
the first microcavity 100, can be adjusted. Based on the
equation (2), the effective optical distance of the first micro-
cavity 100, and the light intensity and color temperature of
light emitted from the first microcavity 100, can also be
adjusted by adjusting an electrical potential difference
between the third electrode 4 and the first electrode 2.
[0060] By having the electrochromic layer 3 in the present
organic light emitting device, the effective optical distance
of the first microcavity 100 becomes adjustable, effectively
increasing the adjustment range of color temperature of the
light emitted from the first microcavity 100 and the light
emitted from the organic light emitting device.

[0061] Because the light emitted from the organic light
emitting device (having the third color temperature) is a
composite light of the light emitted from the first microcav-
ity 100 (having a first color temperature) and the light
emitted from the second microcavity 200 (having a second
color temperature), a change in the third color temperature
is a composite of a change in the first color temperature and
a change in the second color temperature. A relatively small
change in the first color temperature and the second color
temperature will result in a relatively large change in the
third color temperature. Thus, a small change in the elec-
trical potential difference between the anode and the cathode
in the first microcavity 100 and the second microcavity 200
can result in a larger color temperature change without
changing light intensity of the organic light emitting device
too much.

[0062] Optionally, the first electrode 2 has a thickness in
a range of approximately 10 n to approximately 300 nm,
e.g., approximately 10 nm to approximately 100 urn,
approximately 100 nm to approximately 200 nm, and
approximately 200 urn to approximately 300 nm. By having
the thickness of the first electrode 2 equal to or greater than
10 nm, the first electrode 2 can maintain a relatively high
reflectivity. By having the thickness of the first electrode 2
equal to or less than 300 nm, the organic light emitting
device can be made thinner.

[0063] Optionally, the second electrode 10 has a thickness
in a range of approximately 10 nm to approximately 20 nm.
Optionally, the third electrode 4 has a thickness in a range
of approximately 5 nm to approximately 20 nm. By having
the thicknesses of the second electrode 10 and the third
electrode 4 in these ranges, the second electrode 10 and the
third electrode 4 can maintain a relatively high conductivity
and the organic light emitting device can be made thinner.
[0064] Referring to FIG. 1A and FIG. 1B, the organic
layer 6 in some embodiments further includes a hole trans-
port layer 7 and an electron transport layer 9. The hole
transport layer 7 is between the third electrode 4 (anode) and
the organic light emitting layer 8. The electron transport
layer 9 is between the organic light emitting layer 8 and the
second electrode 10 (cathode). The hole transport layer 7
enhances the hole transfer efficiency of the organic light
emitting device. The electron transport layer 9 enhances the
electron transfer efficiency of the organic light emitting
device. Optionally, the hole transport layer 7 has a thickness
in a range of approximately 5 am to approximately 50 nm.
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Optionally, the electron transport layer 9 has a thickness in
a range of approximately 5 nm to approximately 50 am.

[0065] Referring to FIG. 1A and FIG. 1B, the organic light
emitting device in some embodiments further includes a
planarization layer 5 between the first electrode 2 and the
organic layer 6, and between the third electrode 4 and the
organic layer 6. Optionally, the planarization layer 5
includes a conductive polymer material. Examples of con-
ductive polymer materials include poly(3,4-ethylenedioxy-
thiophene) poly(styrenesulfonate) (PEDOT:PSS). The pla-
narization layer 5 made of a conductive polymer material
not only has a planarization function, but also conduct
electricity and inject holes into the organic layer 6.

[0066] Optionally, the planarization layer 5 has a thickness
in a range of approximately 100 nm to approximately 300
nm. By having the thickness of the planarization layer 5
equal to or greater than 100 nm, the planarization layer 5 can
sufficiently planarize the organic light emitting device. By
having the thickness of the planarization layer 5 equal to or
less than 300 nm, the organic light emitting device can be
made thinner.

[0067] In the present organic light emitting device, color
temperature of light emitted from the organic light emitting
device can be adjusted by adjusting an electrical potential
difference between the second electrode 10 and the third
electrode 4, and adjusting an electrical potential difference
between the first electrode 2 and the second electrode 10.
Moreover, the color temperature of light emitted from the
organic light emitting device can be adjusted by adjusting an
electrical potential difference between the first electrode 2
and the third electrode 4, which changes the refractive index
of the electrochromic layer 3. As a result, the present organic
light emitting device has a much larger adjustment range of
color temperature.

[0068] In another aspect, the present disclosure provides a
method of driving the organic light emitting device, e.g., a
method of controlling color temperature of light emitted
from the organic light emitting device. In some embodi-
ments, the method includes applying a first voltage signal to
the first electrode; applying a second voltage signal to the
second electrode; and applying a third voltage signal to the
third electrode. Optionally, the method further includes
adjusting color temperature of light emitted from the organic
light emitting device by adjusting color temperature of light
emitted from the first microcavity, or adjusting color tem-
perature of light emitted from the second microcavity, or
both. Optionally, color temperature of light emitted from the
first microcavity can be adjusted by adjusting an electrical
potential difference between the first electrode and the third
electrode. Optionally, color temperature of light emitted
from the first microcavity can be adjusted by adjusting an
electrical potential difference between the second electrode
and the third electrode. Optionally, color temperature of
light emitted from the second microcavity can be adjusted
by adjusting an electrical potential difference between the
first electrode and the second electrode. Optionally, color
temperature of light emitted from the organic light emitting
device is adjusted by a combination of adjusting the elec-
trical potential difference between the first electrode and the
third electrode, adjusting the electrical potential difference
between the second electrode and the third electrode, and
adjusting the electrical potential difference between the first
electrode and the second electrode.
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[0069] In another aspect, the present disclosure provides a
method of fabricating an organic light emitting device. FIG.
2 is a flow chart illustrating a method of fabricating an
organic light emitting device in some embodiments accord-
ing to the present disclosure. Referring to FIG. 2, the method
in some embodiments includes forming a first electrode on
a base substrate; forming an electrochromic layer on a side
of the first electrode distal to the base substrate; forming a
third electrode on a side of the electrochromic layer distal to
the first electrode; forming an organic layer on a side of the
third electrode and the first electrode distal to the base
substrate; and forming a second electrode on a side of the
organic layer distal to the first electrode. The step of forming
the organic layer includes forming an organic light emitting
layer. Optionally, the organic light emitting device is formed
so that orthographic projections of the first electrode and the
second electrode on a plane containing a surface of the first
electrode cover orthographic projections of the electrochro-
mic layer and the third electrode on the plane containing the
surface of the first electrode. Optionally, orthographic pro-
jections of the third electrode and the electrochromic layer
substantially overlap with each other.

[0070] Various appropriate materials and various appro-
priate fabricating methods may be used to make the first
electrode. For example, a metal material may be deposited
by a plasma-enhanced chemical vapor deposition (PECVD)
process or a sputtering process, e.g., a magnetron sputtering
process. Optionally, the deposited metal material layer has a
thickness in a range of approximately 10 nm to approxi-
mately 300 nm. The deposited metal material layer is then
patterned, e.g., by a lithographic process. Examples of
appropriate metal materials for making the first electrode
include aluminum, silver, and a combination thereof.
[0071] Various appropriate materials and various appro-
priate fabricating methods may be used to make the elec-
trochromic layer. For example, an electrochromic material
may be deposited by a plasma-enhanced chemical vapor
deposition (PECVD) process. The deposited electrochromic
material layer is then patterned. e.g., by a lithographic
process. Examples of appropriate electrochromic materials
for making the electrochromic layer include tungsten oxide,
a polythiophene electrochromic material or derivatives
thereof, a viologen electrochromic material or derivatives
thereof, a tetrathiafulvalene electrochromic material or
derivatives thereof and a metal-phthalocyanine electrochro-
mic material or derivatives thereof.

[0072] Various appropriate materials and various appro-
priate fabricating methods may be used to make the third
electrode. For example, a transparent conductive material
may be deposited by a plasma-enhanced chemical vapor
deposition (PECVD) process or a sputtering process, e.g., a
magnetron sputtering process. Optionally, the deposited
conductive material layer has a thickness in a range of
approximately 5 nm to approximately 20 nm. The deposited
conductive material layer is then patterned, e.g., by a litho-
graphic process. Examples of appropriate metal materials
for making the third electrode include metal oxides such as
indium tin oxide and indium zinc oxide.

[0073] Optionally, the electrochromic layer and the third
electrode are patterned in a single process, e.g., using a
single mask plate. Optionally, the electrochromic material
layer 1s first deposited on the base substrate, and a transpar-
ent conductive material layer is then deposited on a side of
the electrochromic layer distal to the base substrate. The
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electrochromic material layer and the transparent conductive
material layer are patterned using a single mask plate,
thereby obtaining the electrochromic layer and the third
electrode.

[0074] Various appropriate materials and various appro-
priate fabricating methods may be used to make the organic
light emitting layer. For example, an organic light emitting
material may be deposited by a plasma-enhanced chemical
vapor deposition (PECVD) process or a coating process.
Optionally, the deposited organic light emitting material
layer has a thickness in a range of approximately 5 nm to
approximately 50 nm. The organic light emitting layer may
have a single layer structure. Optionally, the light emitting
layer has a multi-layer structure and including multiple
sub-layers.

[0075] Optionally, the step of forming the organic layer
further includes forming a hole transport layer, e.g., between
the first electrode and the organic light emitting layer.
Various appropriate materials and various appropriate fab-
ricating methods may be used to make the hole transport
layer. For example, a hole transport material may be depos-
ited by a plasma-enhanced chemical vapor deposition
(PECVD) process or a coating process. Optionally, the
deposited hole transport material layer has a thickness in a
range of approximately 5 nm to approximately 50 nm.
Examples of appropriate hole transport materials include
N,N'-Bis-(1-naphthalenyl)-N,N'-bis-phenyl-(1,1'-biphenyl)-
4 4-diamine (NPB).

[0076] Optionally, the step of forming the organic layer
further includes forming an electron transport layer, e.g.,
between the organic light emitting layer and the second
electrode. Various appropriate materials and various appro-
priate fabricating methods may be used to make the electron
transport layer. For example, an electron transport material
may be deposited by a plasma-enhanced chemical vapor
deposition (PECVD) process or a coating process. Option-
ally, the deposited electron transport material layer has a
thickness in a range of approximately 5 nm to approximately
50 nm. Examples of appropriate electron transport materials
include 4,7-diphenyl-1,10-phenanthroline (Bphen).

[0077] Various appropriate materials and various appro-
priate fabricating methods may be used to make the second
electrode. For example, a transparent conductive material
may be deposited by a plasma-enhanced chemical vapor
deposition (PECVD) process or a sputtering process, e.g., a
magnetron sputtering process. Optionally, the deposited
conductive material layer has a thickness in a range of
approximately 10 nm to approximately 20 nm. The depos-
ited conductive material layer is then patterned, e.g., by a
lithographic process. Examples of appropriate metal mate-
rials for making the second electrode include metal oxides
such as indium tin oxide and indium zinc oxide.

[0078] Optionally, the method further includes forming a
planarization layer between the third electrode and the
organic layer. Various appropriate materials and various
appropriate fabricating methods may be used to make the
planarization layer. For example, a planarization material
may be deposited by a plasma-enhanced chemical vapor
deposition (PECVD) process or a sputtering process, e.g., a
magnetron sputtering process. Optionally, the deposited
planarization material layer has a thickness in a range of
approximately 100 nm to approximately 300 nm. The depos-
ited planarization material layer is then patterned, e.g., by a
lithographic process. Examples of appropriate metal mate-
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rials for making the planarization layer include conductive
polymer materials such as PEDOT:PSS.

[0079] FIGS. 3A to 3D illustrate a process of fabricating
an organic light emitting device in some embodiments
according to the present disclosure. Referring to FIG. 3A, a
first electrode 2 is formed on a base substrate 1, an etch stop
material layer 3' is formed on a side of the first electrode 2
distal to the base substrate 1, and a transparent conductive
material layer 4' is formed on a side of the etch stop material
layer 3' distal to the first electrode 2. Referring to FIG. 3B,
a photoresist layer 11 is formed on a side of the transparent
conductive material layer 4' distal to the etch stop material
layer 3'. The photoresist layer 11 has a photoresist pattern
formed using a mask plate 12. The photoresist pattern has a
first region A and a second region B. The photoresist
material is removed in the first region A. Referring to FIG.
3C, the etch stop material layer 3' and the transparent
conductive material layer 4' are then etched to remove the
etch stop material and the transparent conductive material in
the first region A, thereby forming the etch stop layer 2 and
the third electrode 4 in the first region A. Referring to FIG.
3D, a planarization layer 5 is then formed on a side of the
third electrode 4 distal to the base substrate 1 in the first
region A, and on a side of the first electrode 2 distal to the
base substrate 1 in the second region B. Subsequently, an
organic layer 6 (including a hole transport layer 7, an organic
light emitting layer 8, and an electron transport layer 9) is
formed on a side of the planarization layer 5 distal to the
base substrate 1, and a second electrode 10 is formed on a
side of the organic layer 6 distal to the planarization layer 5.

[0080] In another aspect, the present disclosure provides a
display panel having an organic light emitting device
described herein or fabricated by a method described herein.
In another aspect, the present disclosure provides a display
apparatus having the organic light emitting device described
herein or fabricated by a method described herein. Examples
of appropriate display apparatus includes, but are not limited
to, an electronic paper, a mobile phone, a tablet computer, a
television, a monitor, a notebook computer, a digital album,
a GPS, etc.

[0081] 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 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 modifications as
are suited to the particular use or implementation contem-
plated. It is intended that the scope of the invention be
defined by the claims appended hereto and their equivalents
in which all terms are meant in their broadest reasonable
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.
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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
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 device, comprising:

a first electrode;

an organic layer on the first electrode, the organic layer

comprising an organic light emitting layer;

a second electrode on a side of the organic layer distal to

the first electrode;

an electrochromic layer between the first electrode and the

organic layer; and

a third electrode between the electrochromic layer and the

organic layer.

2. The organic light emitting device of claim 1, wherein
a refractive index of the electrochromic layer is tunable.

3. The organic light emitting device of claim 1, compris-
ing a first microcavity in a first region corresponding to the
third electrode; and

a second microcavity in a second region, the second

region corresponding to the first electrode and outside
the first region;

wherein a refractive index of the first microcavity is

tunable.

4. The organic light emitting device of claim 3, wherein
an effective optical distance of the first microcavity is
adjustable by adjusting an electrical potential difference
between the first electrode and the third electrode.

5. The organic light emitting device of claim 3, wherein
the third electrode is formed substantially in the first region,
the first electrode is formed substantially in the first region
and the second region.

6. The organic light emitting device of claim 1, wherein
the first electrode comprising a metallic material, the second
electrode and the third electrode are substantially transparent
electrodes.

7. The organic light emitting device of claim 1, wherein
the first electrode comprises one or a combination of alu-
minum and silver.

8. The organic light emitting device of claim 1, wherein
orthographic projections of the first electrode and the second
electrode on a plane containing a surface of the first elec-
trode cover orthographic projections of the electrochromic
layer and the third electrode on the plane containing the
surface of the first electrode.

9. The organic light emitting device of claim 1, wherein
orthographic projections of the third electrode and the
electrochromic layer substantially overlap with each other.

10. The organic light emitting device of claim 1, further
comprising a planarization layer between the third electrode
and the organic layer.

11. The organic light emitting device of claim 10, wherein
the planarization layer comprises a conductive polymer
material.
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12. The organic light emitting device of claim 10, wherein
the planarization layer has a thickness in a range of approxi-
mately 100 nm to approximately 300 nm.

13. The organic light emitting device of claim 1, wherein

the first electrode has a thickness in a range of approxi-

mately 10 nm to approximately 300 nm;

the second electrode has a thickness in a range of approxi-

mately 10 nm to approximately 20 nm; and

the third electrode has a thickness in a range of approxi-

mately 5 nm to approximately 20 nm.

14. The organic light emitting device of claim 1, wherein
the electrochromic layer comprises one or a combination of
tungsten oxide, a polythiophene electrochromic material or
derivatives thereof, a viologen electrochromic material or
derivatives thereof, a tetrathiafulvalene electrochromic
material or derivatives thereof, and a metal-phthalocyanine
electrochromic material or derivatives thereof.

15. (canceled)

16. A display apparatus, comprising the organic light
emitting device of claim 1.

17. A method of controlling color temperature of light
emitted from the organic light emitting device of claim 1,
comprising:

applying a first voltage signal to the first electrode;

applying a second voltage signal to the second electrode;

and

applying a third voltage signal to the third electrode.

18. The method of claim 17, further comprising adjusting
color temperature of light emitted from the organic light
emitting device by adjusting one or a combination of an
electrical potential difference between the first electrode and
the third electrode, an electrical potential difference between
the second electrode and the third electrode, and an electrical
potential difference between the first electrode and the
second electrode.
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19. The method of claim 17, wherein the organic light
emitting device comprises a first microcavity in a first region
corresponding to the third electrode; and

a second microcavity in a second region, the second

region outside the first region and corresponding to the
first electrode;

the method further comprises adjusting color temperature

of light emitted from the first microcavity by adjusting
one or a combination of an electrical potential differ-
ence between the first electrode and the third electrode
and an electrical potential difference between the sec-
ond electrode and the third electrode.

20. The method of claim 17, wherein the organic light
emitting device comprises a first microcavity in a first region
corresponding to the third electrode; and

a second microcavity in a second region, the second

region outside the first region and corresponding to the
first electrode;

the method further comprises adjusting color temperature

of light emitted from the second microcavity by adjust-
ing an electrical potential difference between the first
electrode and the second electrode.

21. A method of fabricating an organic light emitting
device, comprising:

forming a first electrode on a base substrate;

forming an electrochromic layer on a side of the first

electrode distal to the base substrate;

forming a third electrode on a side of the electrochromic

layer distal to the first electrode;

forming an organic layer on a side of the third electrode

and the first electrode distal to the base substrate; and
forming a second electrode on a side of the organic layer
distal to the first electrode;

wherein forming the organic layer comprises forming an

organic light emitting layer.

22. (canceled)
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