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ORGANIC LIGHT EMITTING DIODE AND
ORGANIC LIGHT EMITTING DISPLAY
PANEL HAVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2016-0048351,
filed on Apr. 20, 2016, in the Korean Intellectual Property
Office, and entitled: “Organic Light Emitting Diode and
Organic Light Emitting Display Panel Having the Same,” is
incorporated by reference herein in its entirety.

BACKGROUND

1. Field

[0002] Embodiments relate to an organic light emitting
diode and an organic light emitting display panel having the
same.

2. Description of the Related Art

[0003] An organic light emitting diode, which is a self-
emissive device, has advantages such as a wide viewing
angle and a superior contrast. The organic light emitting
diode has a fast response time as well.

[0004] An organic light emitting diode may include an
anode, functional organic layers sequentially stacked on the
anode, and a cathode. The functional organic layers may
include a hole injection/transport layer, a light emitting
layer, and an electron injection/transport layer.

[0005] The operation of the organic light emitting diode is
based on the following principle. When voltages that are
different from each other are respectively applied to the
anode and the cathode, holes injected from the anode move
to the light emitting layer via the hole transport layer, and
electrons injected from the cathode move to the light emit-
ting layer via the electron transport layer. The electrons are
recombined with the holes in the light emitting layer to
generate excitons. The organic light emitting diode emits a
light by the excitons that return to a ground state from an
excited state.

SUMMARY

[0006] Embodiments are directed to an organic light emit-
ting diode and an organic light emitting display panel having
the same.

[0007] The embodiments may be realized by providing an
organic light emitting diode including an anode disposed on
a base layer; a first organic light emitting layer disposed on
the anode; a cathode disposed on the first organic light
emitting layer; and an electron control layer disposed
between the first organic light emitting layer and the cath-
ode, the electron control layer including ytterbium, wherein
the cathode includes a first inorganic compound layer con-
tacting the electron control layer to form a P-N junction with
the electron control layer; and a conductive layer disposed
on the first inorganic compound layer.

[0008] The first inorganic compound layer may be a
tungsten oxide layer or a molybdenum oxide layer.

[0009] The electron control layer may further include an
electron transport material, and the electron transport mate-
rial may be doped with ytterbium.
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[0010] The electron control layer may include about 1 wt
% to about 10 wt % of ytterbium, based on a total weight of
the electron control layer.

[0011] The conductive layer may be a metal-containing
layer.
[0012] The cathode may further include a second inor-

ganic compound layer disposed on the conductive layer, the
second inorganic compound layer having a same refractive
index as the first inorganic compound layer.

[0013] The conductive layer may be a transparent conduc-
tive oxide layer.

[0014] The electron control layer may include an ytter-
bium layer, and the conductive layer may be a transparent
conductive oxide layer.

[0015] The organic light emitting diode may further
include a diffusion blocking layer disposed between the
electron control layer and the first organic light emitting
layer.

[0016] The organic light emitting diode may further
include a reflection layer disposed between the base layer
and the anode, wherein the anode is a transparent conductive
layer.

[0017] The anode may include at least one of a reflection
layer or a transparent conductive oxide layer.

[0018] The organic light emitting diode may further
include a second organic light emitting layer disposed
between the cathode and the first organic light emitting
layer.

[0019] The first organic light emitting layer may include a
first organic light emitting material to generate a light having
a first wavelength range, the second organic light emitting
layer may include a second organic light emitting material to
generate a light having a second wavelength range that is
different from the first wavelength range, one light of the
light having the first wavelength range and the light having
the second wavelength range may be a blue light, and the
other light of the light having the first wavelength range and
the light having the second wavelength range may be a
yellow light.

[0020] The first organic light emitting layer may include a
first organic light emitting material to generate a light having
a first wavelength range, and the second organic light
emitting layer may include a second organic light emitting
material to generate a light having a second wavelength
range different from the first wavelength range, and a third
organic light emitting material to generate a light having a
third wavelength range different from the first wavelength
range and the second wavelength range.

[0021] The organic light emitting diode may further
include an electric charge generating layer disposed between
the first organic light emitting layer and the second organic
light emitting layer.

[0022] The organic light emitting diode may further
include a third organic light emitting layer disposed between
the cathode and the second organic light emitting layer.

[0023] The first organic light emitting layer may include a
first organic light emitting material to generate a light having
a first wavelength range, the second organic light emitting
layer may include a second organic light emitting material to
generate a light having a second wavelength range different
from the first wavelength range, and the third organic light
emitting layer may include a third organic light emitting
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material to generate a light having a third wavelength range
different from the first wavelength range and the second
wavelength range.

[0024] The organic light emitting diode may further
include at least one of a first electric charge generating layer
disposed between the first organic light emitting layer and
the second organic light emitting layer and a second electric
charge generating layer disposed between the second
organic light emitting layer and the third organic light
emitting layer.

[0025] The embodiments may be realized by providing an
organic light emitting display panel including a base sub-
strate; a circuit layer disposed on the base substrate, the
circuit layer including a plurality of pixel driving circuits; a
plurality of organic light emitting diodes disposed on the
circuit layer, the plurality of organic light emitting diodes
being electrically connected to the pixel driving circuits,
respectively; and a plurality of color filters disposed on the
organic light emitting diodes, wherein each of the organic
light emitting diodes includes an anode; a first organic light
emitting layer disposed on the anode; a second organic light
emitting layer disposed on the first organic light emitting
layer; a cathode disposed on the second organic light emit-
ting layer; and an electron control layer disposed between
the second organic light emitting layer and the cathode, the
electron control layer including ytterbium, wherein the cath-
ode includes a first inorganic compound layer contacting the
electron control layer to form a P-N junction with the
electron control layer; and a conductive layer disposed on
the first inorganic compound layer.

[0026] The organic light emitting display panel may fur-
ther include a thin film encapsulation layer to encapsulate
the organic light emitting diodes, wherein the color filters
are disposed on the thin film encapsulation layer.

[0027] The organic light emitting display panel may fur-
ther include a sealing substrate facing the base substrate and
sealing the organic light emitting diodes, wherein the color
filters are disposed on a lower surface of the sealing sub-
strate.

[0028] Each of the organic light emitting diodes may
generate a white light.

[0029] The color filters may include a first color filter
having a first color, a second color filter having a second
color different from the first color, and a third color filter
having a third color different from the first color and the
second color.

[0030] The color filters may further include a gray color
filter to decrease a brightness of an incident light.

[0031] The organic light emitting display panel may fur-
ther include a third organic light emitting layer disposed
between the cathode and the first organic light emitting
layer.

[0032] The first inorganic compound layer may be a
tungsten oxide layer or a molybdenum oxide layer.

[0033] The electron control layer may further include an
electron transport material, and the electron transport mate-
rial may be doped with the ytterbium.

[0034] The electron control layer may include about 1 wt
% to about 10 wt % of ytterbium, based on a total weight of
the electron control layer.

[0035] The conductive layer may be a metal-containing
layer.
[0036] The cathode may further include a second inor-

ganic compound layer disposed on the conductive layer, the
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second inorganic compound layer having a same refractive
index as the first inorganic compound layer.

[0037] The conductive layer may be a transparent conduc-
tive oxide layer.

[0038] The electron control layer may include an ytter-
bium layer, and the conductive layer may be a transparent
conductive oxide layer.

[0039] The embodiments may be realized by providing an
organic light emitting diode including an anode; an organic
light emitting layer on the anode; an electron control layer
on the organic light emitting layer, the electron control layer
including ytterbium; and a cathode on the electron control
layer; wherein the cathode includes a first inorganic com-
pound layer contacting the electron control layer to form a
P-N junction with the electron control layer; and a conduc-
tive layer on the first inorganic compound layer such that the
first inorganic compound layer is between the electron
control layer and the conductive layer.

[0040] The cathode may further include a second inor-
ganic compound layer on the conductive layer such that the
conductive layer is between the second inorganic compound
layer and the first inorganic compound layer, the second
inorganic compound layer having a same refractive index as
the first inorganic compound layer.

[0041] The first inorganic compound layer may include
tungsten oxide or molybdenum oxide.

[0042] The conductive layer may include a transparent
conductive oxide.

[0043] The electron control layer may include about 1 wt
% to about 10 wt % of ytterbium, based on a total weight of
the electron control layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] Features will be apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-
ence to the attached drawings in which:

[0045] FIG. 1 illustrates a block diagram showing an
organic light emitting display device according to an exem-
plary embodiment;

[0046] FIG. 2 illustrates a circuit diagram showing a
sub-pixel according to an exemplary embodiment;

[0047] FIG. 3 illustrates a perspective view showing an
organic light emitting display panel according to an exem-
plary embodiment;

[0048] FIGS. 4A to 4FE illustrate plan views showing the
organic light emitting display panel according to an exem-
plary embodiment;

[0049] FIG. 5A illustrates a cross-sectional view showing
an organic light emitting diode according to an exemplary
embodiment;

[0050] FIG. 5B illustrates a cross-sectional view showing
a cathode according to an exemplary embodiment;

[0051] FIGS. 6A and 6B illustrate cross-sectional views
showing an organic light emitting diode according to an
exemplary embodiment;

[0052] FIGS. 7A to 7G illustrate cross-sectional views
showing an organic light emitting diode according to an
exemplary embodiment;

[0053] FIG. 8A illustrates a cross-sectional view showing
an organic light emitting diode according to an exemplary
embodiment;

[0054] FIG. 8B illustrates a cross-sectional view showing
a cathode according to an exemplary embodiment;
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[0055] FIG. 9A illustrates a cross-sectional view showing
an organic light emitting diode according to an exemplary
embodiment;

[0056] FIG. 9B illustrates a cross-sectional view showing
an electron control layer according to an exemplary embodi-
ment;

[0057] FIGS. 10 and 11 illustrate cross-sectional views
showing an organic light emitting display panel according to
an exemplary embodiment; and

[0058] FIGS. 12 and 13 illustrate cross-sectional views
showing an organic light emitting display panel according to
an exemplary embodiment.

DETAILED DESCRIPTION

[0059] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the
art.

[0060] In the drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration. It
will also be understood that when a layer or element is
referred to as being “on” another layer or element, it can be
directly on the other layer or element, or intervening ele-
ments may also be present. Further, it will be understood that
when an element is referred to as being “under” another
element, it can be directly under, and one or more interven-
ing elements may also be present. In addition, it will also be
understood that when an element is referred to as being
“between” two elements, it can be the only element between
the two elements, or one or more intervening elements may
also be present. Like reference numerals refer to like ele-
ments throughout.

[0061] FIG. 1 illustrates a block diagram showing an
organic light emitting display device according to an exem-
plary embodiment. FIG. 2 illustrates a circuit diagram
showing a sub-pixel SPXij according to an exemplary
embodiment. Hereinafter, the organic light emitting display
device will be described with reference to FIGS. 1 and 2.
[0062] Referring to FIG. 1, the organic light emitting
display device may include, e.g., a timing controller 100, a
scan driver 200, a source driver 300, and an organic light
emitting display panel DP. In an implementation, the organic
light emitting display device may further include an addi-
tional driver in addition to the scan driver 200 and the source
driver 300.

[0063] The timing controller 100 may receive input image
signals and may convert a data format of the input image
signals to a data format appropriate to an interface between
the timing controller and the source driver 300 to generate
image data D-RGB. The timing controller 100 may output
the image data D-RGB and various control signals DCS and
SCS.

[0064] The scan driver 200 may receive a scan control
signal SCS from the timing controller 100. The scan control
signal SCS may include a vertical start signal starting an
operation of the scan driver 200, a clock signal determining
an output timing of signals, etc. The scan driver 200 may
generate gate signals in response to the scan control signal
SCS and may sequentially apply the gate signals to scan
lines SL1 to SLn described below.
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[0065] As illustrated in FIG. 1, the gate signals may be
output from one scan driver 200. In an implementation, the
organic light emitting display device may include a plurality
of scan drivers. The scan drivers may output gate signals
different from each other.

[0066] The source driver 300 may receive a data control
signal DCS and the image data D-RGB from the timing
controller 100. The source driver 300 may convert the image
data D-RGB to data signals and applies the data signals to
source lines DL1 to DLm described below. The data signals
may be analog voltages respectively corresponding to gray-
scale values of the image data D-RGB.

[0067] The organic light emitting display panel DP may
include the scan lines SL1 to SLn, the source lines DL1 to
DLm, and sub-pixels SPX. The scan lines SL1 to SLn may
extend in a first direction axis DR1 and are arranged in a
second direction axis DR2 substantially perpendicular to the
first direction axis DR1. The source lines DL1 to DLm may
be insulated from the scan lines SL1 to SLn while crossing
the scan lines SL1 to SLn. In an implementation, the organic
light emitting display panel DP may further include signal
lines transmitting signals different from the gate signals and
the data signals to the sub-pixels SPX in consideration of a
circuit configuration of the sub-pixels SPX.

[0068] Each of the sub-pixels SPX may be connected to a
corresponding scan line among the scan lines SL1 to SLn
and a corresponding source line among the source lines DL1
to DLm. Each of the sub-pixels SPX may receive a first
voltage ELVDD and a second voltage ELVSS having a
voltage level lower than that of the first voltage ELVDD.
Each of the sub-pixels SPX is connected to a power line PL
to which the first voltage ELVDD is applied.

[0069] FIG. 2 shows an example of an equivalent circuit
of one sub-pixel SPXij connected to an i-th scan line SLi and
a j-th source line DLj. Although not shown in figures, the
other sub-pixels SPX shown in FIG. 1 may have the same
equivalent circuit as that of the sub-pixel SPXij.

[0070] Referring to FIG. 2, the sub-pixel SPXij may
include at least one transistor, at least one capacitor Cap, and
an organic light emitting diode OLED. In an implementa-
tion, as shown in FIG. 2, a pixel driving circuit may include
two transistors TR1 and TR2 and one capacitor Cap.
[0071] A first transistor TR1 may output a data signal
provided through the j-th source line DL in response to a
gate signal provided through the i-th scan line SL1. The
capacitor Cap may be charged with a voltage corresponding
to the data signal provided from the first transistor TR1. A
second transistor TR2 may control a driving current flowing
through the organic light emitting diode OLED in response
to the voltage charged in the capacitor Cap.

[0072] FIG. 3 illustrates a perspective view showing the
organic light emitting display panel DP according to an
exemplary embodiment. FIGS. 4A to 4E illustrate plan
views showing organic light emitting display panels accord-
ing to an exemplary embodiment. FIGS. 4A to 4E show a
portion of the organic light emitting display panels when
viewed in a plan view.

[0073] Referring to FIG. 3, the organic light emitting
display panel DP may include a plurality of sub-pixels
SPX-R, SPX-G, and SPX-B. Three types of sub-pixels
SPX-R, SPX-G, and SPX-B are shown as an example, and
the three types of sub-pixels SPX-R, SPX-G, and SPX-B
may emit lights having different colors from each other. For
example, the three types of sub-pixels SPX-R, SPX-G, and
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SPX-B may emit a red light, a green light, and a blue light,
respectively. In an implementation, the three types of sub-
pixels SPX-R, SPX-G, and SPX-B may emit a magenta
light, a yellow light, and a cyan light, respectively. The three
types of sub-pixels SPX-R, SPX-G, and SPX-B may emit
the lights in a third direction axis DR3 shown in FIG. 3.
[0074] A combination of sub-pixels SPX-R, SPX-G, and
SPX-B emitting lights having different colors from each
other may be defined as a pixel PX. As shown in FIG. 3, the
pixel PX may include the three types of sub-pixels SPX-R,
SPX-G, and SPX-B. In an implementation, the pixel PX may
include four types of sub-pixels, and the four types of
sub-pixels may emit a red light, a green light, a blue light,
and a white light, respectively.

[0075] Referring to FIG. 4A, the organic light emitting
display panel DP may be divided into a plurality of light
emitting areas PXA-R, PXA-G, and PXA-B and a non-light
emitting area NPXA on a plane surface defined by the first
direction axis DR1 and the second direction axis DR2. FIG.
4A shows three types of light emitting areas PXA-R, PXA-
G, and PXA-B arranged in a matrix configuration as a
representative example. In the three types of light emitting
areas PXA-R, PXA-G. and PXA-B, the organic light emit-
ting diodes of the three types of sub-pixels SPX-R, SPX-G,
and SPX-B may be respectively disposed.

[0076] The non-light emitting area NPXA may be divided
into first non-light emitting areas NPXA-1 surrounding the
light emitting areas PXA-R, PXA-G, and PXA-B and a
second non-light emitting area NPXA-2 disposed between
the first non-light emitting areas NPXA-1. The signal lines,
e.g., the scan line SLi (refer to FIG. 2), the source line DL
(refer to FIG. 2), and power line PL (refer to FIG. 2), may
be arranged in the second non-light emitting area NPXA-2.
A driving circuit of a corresponding sub-pixel, such as the
transistors TR1 and TR2 (refer to FIG. 2) or the capacitor
Cap (refer to FIG. 2), may be arranged in each of the first
non-light emitting areas NPXA-1. In an implementation, the
non-light emitting area NPXA may not be divided into the
first non-light emitting areas NPXA-1 and the second non-
light emitting area NPXA-2.

[0077] FIGS. 4B to 4E illustrate plan views showing
organic light emitting display panels DP-1, DP-2, DP-3, and
DP-4 having a different arrangement of the sub-pixel from
the sub-pixels arranged in a stripe pattern shown in FIG. 4A.
Referring to FIGS. 4B and 4C, four light emitting areas
PXA-R, PXA-G1. PXA-B, and PXA-G2 may be repeatedly
arranged. Organic light emitting diodes of the sub-pixels
may be respectively disposed in the four light emitting areas
PXA-R, PXA-G1, PXA-B, and PXA-G2. A position of a
blue light emitting area PXA-B and a position of a red light
emitting area PXA-R may be changed with respect to each
other every pixel row. Among the four light emitting areas
PXA-R, PXA-G1, PXA-B, and PXA-G2, green light emit-
ting areas PXA-G1 and PXA-G2 may have an area or a
shape, which are different from those of the blue light
emitting area PXA-B or the red light emitting area PXA-R.
[0078] Referring to FIG. 4D, each blue light emitting area
PXA-B may be surrounded by two red light emitting areas
PXA-R and two green light emitting areas PXA-G. The two
red light emitting areas PXA-R may be disposed on a
diagonal line, and the two green light emitting areas PXA-G
may be disposed on a diagonal line. Referring to FIG. 4E,
four light emitting areas PXA-R, PXA-G, PXA-B, and
PXA-W may be repeatedly arranged in the organic light
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emitting display panel DP-4. In the four light emitting areas
PXA-R, PXA-G, PXA-B, and PXA-W, organic light emit-
ting diodes may be respectively disposed to emit a red light,
a green light, a blue light, and a white light.

[0079] In the present disclosure, the expression that “a
light having a predetermined color is emitted from a light
emitting area” used herein means not only that a light
generated from a light emitting diode is emitted as is but also
that the light generated from the light emitting diode is
emitted after the color of the light is changed.

[0080] FIG. 5A illustrates a cross-sectional view showing
an organic light emitting diode OLED-1 according to an
exemplary embodiment. FIG. 5B illustrates a cross-sectional
view showing a cathode according to an exemplary embodi-
ment. The organic light emitting diode OLED-1 may be
disposed in a corresponding light emitting area among the
light emitting areas shown in FIGS. 4A to 4E.

[0081] The organic light emitting diode OLED-1 may
include, e.g., an anode AE disposed on a base layer BL, a
hole control layer HCL. disposed on the anode AE, an
organic light emitting layer EML disposed on the hole
control layer HCL, a cathode CE disposed on the organic
light emitting layer EML, and an electron control layer ECL
disposed between the organic light emitting layer EML and
the cathode CE. In an implementation, a functional layer
may be further disposed between the anode AE and the
cathode CE. The organic light emitting diode according to
an exemplary embodiment may include a plurality of
organic light emitting layers.

[0082] The base layer BL may include, e.g., an organic
layer, an inorganic layer, a glass substrate, a metal substrate,
or the like. The base layer BL may serve as an insulating
layer (an organic layer or an inorganic layer) of the organic
light emitting display panel DP (refer to FIG. 3).

[0083] The anode AE may be a transmissive electrode, a
transflective electrode, or a reflective electrode. In an imple-
mentation, the anode AE may be the reflective electrode for
a front-surface emission. The anode AE may have a single-
layer structure or a multi-layer structure. The single-layer
anode AE may include a metal layer having Ag, Mg, Al, Pt,
Pd, Au, Ni, Nd, Ir, Cr or a mixture thereof. The multi-layer
anode AE may include a metal layer having Ag, Mg, Al, Pt,
Pd, Au, Ni, Nd, Ir, Cr or a mixture thereof and a transparent
conductive oxide layer including a transparent conductive
oxide material. The transparent conductive oxide material
may include indium tin oxide (ITO), indium zinc oxide
(1Z0), zinc oxide (ZnQ), indium tin zinc oxide (ITZO), etc.
The multi-layer anode AE may have a three-layer structure
configured to include a first transparent conductive oxide
layer, a metal layer, and a second transparent conductive
oxide layer. The multi-layer anode AE may have a two-layer
structure configured to include a transparent conductive
oxide layer and a metal layer. The metal layer may serve as
a reflective electrode.

[0084] The hole control layer HCL, may include a hole
injection/transport material. The hole control layer HCL
may include a plurality of functional layers. For example,
the hole control layer HCL may include a hole injection
layer and a hole transport layer.

[0085] The functional layers may include the hole injec-
tion layer and the hole transport layer disposed above the
hole injection layer in the third direction axis DR3, e.g., the
hole injection layer may be between the anode and the hole
transport layer. In an implementation, the hole injection
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layer may include, e.g., a phthalocyanine compound such as
copper phthalocyanine, DNTPD (N,N'-diphenyl-N,N'-bis-
[4-(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4,4'-diamine),
m-MTDATA (4,4',4"-tris(3-methylphenylphenylamino) tri-
phenylamine), TDATA (4,4'4"-Tris(N,N-diphenylamino)tri-
phenylamine), 2TNATA (4,4'4"-tris{N,-(2-naphthyl)-N-
phenylamino}-triphenylamine), PEDOT/PSS  (Poly(3,4-
ethylenedioxythiophene)/Poly(4-styrenesulfonate), PANI/
DBSA (Polyaniline/Dodecylbenzenesulfonic acid), PANI/
CSA  (Polyaniline/Camphor sulfonicacid), PANI/PSS
((Polyaniline)/Poly(4-styrenesulfonate), etc.

[0086] In an implementation, the hole transport layer may
include carbazole-based derivatives, e.g., n-phenyl carba-
zole, polyvinyl carbazole, etc., fluorine-based derivatives,
triphenylamine-based derivatives, e.g., TPD (N,N'-bis(3-
methylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine),
TCTA (4,4',4"-tris(N-carbazolyl)triphenylamine), etc., NPB
(N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine), TAPC (4,4'-

Cyclohexylidene bis[N,N-bis(4-methylphenyl)benze-
naminel), etc.
[0087] In an implementation, the hole injection layer may

be omitted. In an implementation, the hole control layer may
include a hole injection layer doped with a p-type dopant. In
this case, the hole transport layer may be omitted from the
hole control layer. In an implementation, the hole control
layer may further include a doped layer interposed between
the hole injection layer and the hole transport layer. A hole
generating material, e.g., the p-type dopant, enhances a hole
injection efficiency. In an implementation, the hole control
layer may further include an electron blocking layer in
addition to the hole injection layer and the hole transport
layer. The electron blocking layer may help prevent elec-
trons from being injected into the hole control layer from an
electron control layer.

[0088] The organic light emitting layer EML may include
an organic light emitting material. In an implementation, the
organic light emitting material may include materials emit-
ting a red light, a green light, or a blue light and a fluorescent
material or a phosphorescent material. In an implementation,
the organic light emitting layer EML may include two or
more light emitting materials.

[0089] In an implementation, the organic light emitting
layer EML may include a host and a dopant. As the host, e.g.,
Alqg3 (tris(8-hydroxyquinolino)aluminum), CBP (4,4'-bis(N-
carbazolyl)-1,1-biphenyl), PVK (poly(n-vinylcabazole),
AND (9,10-di(naphthalene-2-yl)anthracene). TCTA (4,4' 4"-
Tris(carbazol-9-yD)-triphenylamine), TPBi (1,3,5-tris(N-
phenylbenzimidazole-2-yl)benzene), TBADN (3-tert-butyl-
9,10-di(naphth-2-yl)anthracene), DSA (distyrylarylene),
CDBP (4,4'-bis(9-carbazolyl)-2,2"-dimethyl-biphenyl), or
MADN  (2-Methyl-9,10-bis(naphthalen-2-yl)anthracene)
may be used.

[0090] When the organic light emitting layer EML emits
the red light, the organic light emitting layer EML may
include a fluorescent material containing PBD:Eu(DBM)3
(Phen)  (tris(dibenzoylmethanato)phenanthoroline  euro-
pium) or perylene. When the organic light emitting layer
EML emits the red light, the dopant included in the organic
light emitting layer EML may be selected from a metal
complex, e.g., PIQIr(acac)(bis(1-phenylisoquinoline)acety-
lacetonate  iridium), PQIr(acac)(bis(1-phenylquinoline)
acetylacetonate  iridium),  PQIr(tris(1-phenylquinoline)
iridium), PtOEP (octaethylporphyrin platinum), etc., or
organometallic complex. In an implementation, the organic
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light emitting layer EML emitting the red light may include
a phosphorescent material, e.g., Btp2Ir(acac).

[0091] When the organic light emitting layer EML emits
the green light, the organic light emitting layer EML, may
include a fluorescent material containing Alg3 (tris(8-hy-
droxyquinolino)aluminum). When the organic light emitting
layer EML emits the green light, the dopant included in the
organic light emitting layer may be selected from a metal
complex, e.g. Ir(ppy); (fac-tris(2-phenylpyridine)iridium),
or organometallic complex. The organic light emitting layer
EML emitting the green light may include a phosphorescent
material, e.g., Ir(ppy)s.

[0092] When the organic light emitting layer EML emits
the blue light, the organic light emitting layer EML may
include a fluorescent material including any one of spiro-
DPVBi, Spiro-6P, DSB (distyryl-benzene), DSA (distyryl-
arylene), PFO (Polyfluorene)-based polymer, and PPV (poly
(p-phenylene vinylene)-based polymer. When the light
emitting layer EML emits the blue light, the dopant included
in the light emitting layer EML may be selected from a metal
complex, such as (4,6-F,ppy),lrpic, or organometallic com-
plex.

[0093] The cathode CE may be a transmissive electrode or
a transflective electrode. In an implementation, the cathode
CE may be the transmissive electrode having a multi-layer
structure. As shown in FIG. 5B, the cathode CE may include,
e.g., a first inorganic compound layer IOL1, a conductive
layer CL, and a second inorganic compound layer I0L.2.
[0094] The first inorganic compound layer IOL1 and the
second inorganic compound layer IOL2 may have a high
refractive index to help improve a transmittance of the
cathode CE. Each of the first and second inorganic com-
pound layers IOL1 and IOL2 may have a refractive index
equal to or greater than about 2. In an implementation, the
first inorganic compound layer IOL1 and the second inor-
ganic compound layer IOL2 may have the same or substan-
tially the same refractive index.

[0095] Inanimplementation, the first inorganic compound
layer IOL1 and the second inorganic compound layer 101.2
may include the same material. For example, each of the first
inorganic compound layer I0L1 and the second inorganic
compound layer I0L2 may be a tungsten oxide layer or a
molybdenum oxide layer. In an implementation, each of the
first inorganic compound layer IOL1 and the second inor-
ganic compound layer IOL.2 may have a thickness of, e.g,,
about 200 A to about 400 A. The transmittance of the
cathode CE may be improved by multiple reflections and
interference, which may occur when the light emitted from
the organic light emitting layer EML passes through the first
inorganic compound layer IOL1, the conductive layer CL,
and the second inorganic compound layer 101.2.

[0096] The conductive layer CL may be a metal or metal-
containing layer including, e.g., Li, Liq, Ca, LiF, Al, Mg,
BaF, Ba, Ag, a compound thereof, or a mixture thereof. The
metal layer may have a thickness of, e.g., about 50 A to
about 150 A.

[0097] The electron control layer ECL may include, e.g,,
an electron transport material. In an implementation, the
electron transport material may include, e.g., Alq3 (Tris(8-
hydroxyquinolinato)aluminum), TPBi (1,3,5-Tri(1-phenyl-
1H-benzo[d]imidazol-2-yl)phenyl), BCP (2,9-Dimethyl-4,
7-diphenyl-1,10-phenanthroline), Bphen (4,7-Diphenyl-1,
10-phenanthroline), TAZ (3-(4-Biphenylyl)-4-phenyl-5-tert-
butylphenyl-1,2,4-triazole), NTAZ (4-(Naphthalen-1-y1)-3,
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S-diphenyl-4H-1,2 4-triazole), tBu-PBD (2-(4-Biphenylyl)-
5-(4-tert-butylphenyl)-1,3,4-oxadiazole), BAlq (Bis(2-
methyl-8-quinolinolato-N1,08)-(1,1'-Biphenyl-4-olato)
aluminum), Bebq2 (berylliumbis(benzoquinolin-10-olate),
AND (9,10-di(naphthalene-2-yl)anthracene), or a mixture
thereof.

[0098] In an implementation, the electron control layer
ECL may include, e.g., an ytterbium-doped electron trans-
port material. In an implementation, the electron control
layer ECL may include, e.g., about 1 wt % to about 10 wt
% of ytterbium, based on a total weight (100 wt %) of the
electron control layer ECL.

[0099] In an implementation, the electron control layer
ECL may further include a hole blocking layer contacting
the organic light emitting layer EML. In an implementation,
the hole blocking layer may include at least one of, e.g., BCP
(2,9-Dimethyl-4,7-diphenyl-1,10-phenanthroline) and
Bphen (4,7-Diphenyl-1,10-phenanthroline).

[0100] The electron control layer ECL may include the
ytterbium, and the electron control layer ECL may form a
P-N junction with the first inorganic compound layer I0L1.
The electron transport efficiency (which could be deterio-
rated due to the insulating property of the first inorganic
compound layer I0L1) may be compensated by ytterbium
included in the electron control layer ECL. Thus, the elec-
tron transport efficiency may be maintained and a light
emitting efficiency may be improved in the organic light
emitting diode OLED-1 that includes the electron control
layer ECL having ytterbium and the cathode CE having the
first inorganic compound layer IOL1, the conductive layer
CL, and the second inorganic compound layer I0L2.
[0101] The light emitting efliciency of a Comparative
Fxample and an Experimental Example will be described
with reference to the following Table 1.

TABLE 1

(Op. (cd/

Vi W A)  (Im/W) EQE x y

Experi- 105 5 1733 347 104
mental

Example

Compar- 131 5 1928 3856 9.2
ative

Example

16.0 0.311 0.323

16.6 0.321 0.321

[0102] The light emitting efficiency is measured at a
current density of about 5 mA/cm®. In the Experimental
Example and the Comparative Example, the organic light
emitting diode has the same structure as that of the organic
light emitting diode OLED-1 shown in FIG. 5A. The elec-
tron control layer according to the Experimental Example
includes ytterbium, and the electron control layer according
to the Comparative Example does not include ytterbium.
The organic light emitting diode according to the Experi-
mental Example has a driving voltage that is reduced when
compared with the organic light emitting diode according to
the Comparative Example. Thus, a power consumption of
the organic light emitting display panel may be reduced.

[0103] FIGS. 6A and 6B illustrate cross-sectional views
showing organic light emitting diodes OLED-2 and OLED-3
according to an exemplary embodiment. Hereinafter, the
organic light emitting diodes OLED-2 and OLED-3 will be
described in detail with reference to FIGS. 6A and 6B. In
FIGS. 6A and 6B, repeated detailed descriptions of the same
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elements as those in the organic light emitting diode
OLED-1 shown in FIG. SA may be omitted.

[0104] Referring to FIG. 6A, the organic light emitting
diode OLED-2 may further include a diffusion blocking
layer BBL. The diffusion blocking layer BBL may be
disposed between the electron control layer ECL and the
organic light emitting layer EML. The diffusion blocking
layer BBL. may include an electron transport material
capable of improving the light emitting efficiency of the
organic light emitting layer. For example, the diffusion
blocking layer BBL may include at least one of a phosphine
oxide-based compound, a pyrimidine-based compound, or a
triazine-based compound, which may help improve a blue
light emitting efficiency.

[0105] The diffusion blocking layer BBL may help reduce
the possibility of and/or prevent ytterbium (included in the
electron control layer ECL) from being diffused to the
organic light emitting layer EML. If ytterbium were to be
diffused to the organic light emitting layer EML, light
efficiency could be deteriorated, driving voltage could be
increased, and a lifespan of the diode could be shortened.
When the organic light emitting diode OLED-2 further
includes the diffusion blocking layer BBL, the undesirable
effects mentioned above may be reduced and/or prevented.
[0106] Referring to FIG. 6B, the organic light emitting
diode OLED-3 may further include a reflection layer RL.
The reflection layer RL. may be insulated from the anode AE.
An insulating layer 1L may be disposed between the reflec-
tion layer RL and the anode AE. In an implementation, the
insulating layer I, may include an organic material or an
inorganic material.

[0107] In an implementation, the anode AE may include a
transparent conductive layer. The transparent conductive
layer may include a transparent conductive oxide layer
including a transparent conductive oxide material, e.g,
indium tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide
(Zn0O), indium tin zine oxide (ITZO), or the like. The anode
AE may have a single-layer structure of the transparent
conductive oxide layer.

[0108] The light emitted from the organic light emitting
layer EML may be reflected by the reflection layer RL to
travel to the third direction axis DR3. The reflection layer
RL may be a metal layer. The reflection layer RL may be
formed through a separate process or a process in which a
pixel driving circuit operating the organic light emitting
diode OLED-3 is formed. For example, the reflection layer
RL may be disposed on the same layer as a control electrode
GE1 (refer to FIG. 10) of a transistor.

[0109] In an implementation, the diffusion blocking layer
BBL and the reflection layer RL described with reference to
FIGS. 6A and 6B may be selectively applied to the organic
light emitting diode according to an exemplary embodiment
and organic light emitting diodes described below.

[0110] FIGS. 7A to 7G illustrate cross-sectional views
showing organic light emitting diodes according to an
exemplary embodiment. Hereinafter, the organic light emit-
ting diodes OLED-4 to OLED-10 will be described in detail
with reference to FIGS. 7A to 7G. In FIGS. 7A to 7G,
repeated detailed descriptions of the same elements as those
in the organic light emitting diodes OLED-1 to OLED-3
shown in FIGS. 5A, 6A, and 6B may be omitted.

[0111] A cathode CE of each of the organic light emitting
diodes OLED-4 to OLED-9 shown in FIGS. 7A to 7G may
have the same structure and function as those of the cathode



US 2017/0309859 A1l

CE of the organic light emitting diode OLED-1 shown in
FIG. 5B. An electron control layer ECL or ECL2 contacting
the cathode CE of each of the organic light emitting diodes
OLED-4 to OLED-9 may have the same structure and
function as those of the electron control layer ECL of the
organic light emitting diode OLED-1 shown in FIG. 5A.
[0112] As shown in FIGS. 7A to 7G, the organic light
emitting diodes OLED-4 to OLED-10 may include a plu-
rality of light emitting layers EML1, EML2 and/or EML3.
In an implementation, the organic light emitting diodes
OLED-4 to OLED-7 may further include an electric charge
generating layer disposed between the light emitting layers
EMLI1 to EML3. In an implementation, the light emitting
layers EML1 to EML3 of the organic light emitting diodes
OLED-8 and OLED-9 may make contact with each other. In
an implementation, the organic light emitting diode OLED-
10 may further include an electric charge generating layer
disposed between two light emitting layers of the light
emitting layers EML1 to EML3. Two light emitting layers of
the light emitting layers EML1 to EML3 may make contact
with each other.

[0113] Referring to FIG. 7A, the organic light emitting
diode OLED-4 may include, e.g., an anode AE disposed on
a base layer BL, a hole control layer HCL disposed on the
anode AE, a first organic light emitting layer EML1 disposed
on the hole control layer HCL, an electric charge generating
layer CGL disposed on the first organic light emitting layer
EMIL 1, a second organic light emitting layer EMI.2 disposed
on the electric charge generating layer CGL, an electron
control layer ECL disposed on the second organic light
emitting layer EML2, and a cathode CE disposed on the
electron control layer ECL.

[0114] The first organic light emitting laver EML1 may
generate a yellow light, and the second organic light emit-
ting layer EML2 may generate a blue light. An organic
material included in the first organic light emitting layer
EMLI1 may include a suitable material that generates the
yellow light, and an organic material included in the second
organic light emitting layer EML2 may include a suitable
material that generates the blue light. In an implementation,
the yellow light and the blue light may generate a white light
when mixed together. In an implementation, a suitable first
color light generated by the first organic light emitting layer
EML1 and a suitable second color light generated by the
second organic light emitting layer EML2 may produce the
white light when mixed together.

[0115] The electric charge generating layer CGL may
include an electron generating layer having an n-type dopant
(i.e., an organic layer doped with the n-type dopant and
including an electron transport material) and a hole gener-
ating layer having a p-type dopant (i.e., an organic layer
doped with the p-type dopant and including a hole transport
material) and disposed above the electron generating layer in
the third direction axis DR3.

[0116] Referring to FIG. 7B, the organic light emitting
diode OLED-5 may include, e.g., an anode AE, a first hole
control layer HCL1, a first organic light emitting layer
EML1, a first electron control layer ECL1, an electric charge
generating layer CGL, a second hole control layer HCL2, a
second organic light emitting layer EML2, a second electron
control layer ECL2, and a cathode CE, which are sequen-
tially stacked on a base layer BL. The electric charge
generating layer CGL may include, e.g., an electron gener-
ating layer N-CGL and a hole generating layer P-CGL.
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[0117] Referring to FIG. 7C, the organic light emitting
diode OLED-6 may include, e.g., an anode AE, a hole
control layer HCL, a first organic light emitting layer
EML10, an electric charge generating layer CGL, a second
organic light emitting layer EML2, an electron control layer
ECL2, and a cathode CE, which are sequentially stacked on
a base layer BL. Different from the first organic light
emitting layer EML1 including one type of organic light
emitting material in the organic light emitting diode
OLED-4 shown in FIG. 7A, the first organic light emitting
layer EML10 according to the present exemplary embodi-
ment may include two types of organic light emitting
materials, e.g., a mixture of the two types of organic light
emitting materials.

[0118] The two types of organic light emitting materials
may include a first organic light emitting material emitting
a light having a first wavelength range, e.g., a green light
having a wavelength of about 495 nm to about 570 nm, and
a second organic light emitting material emitting a light
having a second wavelength range different from the first
wavelength range, e.g., a red light having a wavelength of
about 620 nm to about 750 nm. The second organic light
emitting layer EML2 may include a third organic light
emitting material emitting a light having a third wavelength
range that is different from the first and second wavelength
ranges, €.g., a blue light having a wavelength of about 450
nm to about 495 nm.

[0119] Referring to FIG. 7D, the organic light emitting
diode OLED-7 may include, e.g., an anode AE, a hole
control layer HCL, a first organic light emitting layer EML.1,
a first electric charge generating layer CGL1, a second
organic light emitting layer EML2, a second electric charge
generating layer CGL2, a third organic light emitting layer
EML3, an electron control layer ECL, and a cathode CE,
which are sequentially stacked on a base layer BL. The first
organic light emitting layer EML1, the second organic light
emitting layer EML2, and the third organic light emitting
layer EML3 may include an organic light emitting material
generating a red light, an organic light emitting material
generating a green light, and an organic light emitting
material generating a blue light, respectively.

[0120] Referring to FIG. 7E, the organic light emitting
diode OLED-8 may include, e.g., an anode AE, a hole
control layer HCL, a first organic light emitting layer EML.1,
a second organic light emitting layer EML2, an electron
control layer ECL, and a cathode CE, which are sequentially
stacked on a base layer BL. The first organic light emitting
layer EML1 may contact the second organic light emitting
layer EML2. For example, the first organic light emitting
layer EML1 may generate a yellow light, and the second
organic light emitting layer EML2 may generate a blue light.
Different from the organic light emitting diode OLED-6
shown in FIG. 7C, the electric charge generating layer CGL
may be omitted in the organic light emitting diode OLED-8
according to the present exemplary embodiment.

[0121] Referring to FIG. 7F, the organic light emitting
diode OLED-9 may include, e.g., a first organic light emit-
ting layer EML1, a second organic light emitting layer
EML2, and a third organic light emitting layer EML3, which
are sequentially stacked. Different from the organic light
emitting diode OLED-7 shown in FIG. 7D, the electric
charge generating layers CGL1 and CGL2 may be omitted
from the organic light emitting diode OLED-9 according to
the present exemplary embodiment.
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[0122] Referring to FIG. 7G, the organic light emitting
diode OLED-10 may include, e.g., a first organic light
emitting layer EML1, a second organic light emitting layer
EML2, an electric charge generating layer CGL, and a third
organic light emitting layer EML3, which are sequentially
stacked. Different from the organic light emitting diode
OLED-7 shown in FIG. 7D, the first electric charge gener-
ating layer CGL1 may be omitted from the organic light
emitting diode OLED-10 according to the present exemplary
embodiment. For example, the first organic light emitting
layer EML1 and the second organic light emitting layer
EML2 may generate a red light and a green light, respec-
tively, and the third organic light emitting layer EML3 may
generate a blue light.

[0123] FIG. 8A illustrates a cross-sectional view showing
an organic light emitting diode OLED-11 according to an
exemplary embodiment. FIG. 8B illustrates a cross-sectional
view showing a cathode CE10 according to an exemplary
embodiment. Hereinafter, the organic light emitting diode
OLED-11 will be described in detail with reference to FIGS.
8A and 8B. In FIGS. 8A and 8B, repeated detailed descrip-
tions of the same elements as those in the organic light
emitting diodes OLED-1 to OLED-9 shown in FIGS. 5A to
7F may be omitted.

[0124] The organic light emitting diode OLED-11 accord-
ing to the present exemplary embodiment may include a
cathode CE10 having a different structure from the cathode
CE included in the organic light emitting diodes OLED-1 to
OLED-9 shown in FIGS. 5A to 7F. In an implementation, the
organic light emitting diode OLED-11 shown in FIG. 8A
may have a structure similar to that of the organic light
emitting diode OLED-4 shown in FIG. 7A.

[0125] The cathode CE10 according to the present exem-
plary embodiment may include, e.g., a transparent conduc-
tive oxide layer COL and an inorganic compound layer IOL
disposed under the transparent conductive oxide layer COL
in the third direction axis DR3, e.g., the inorganic compound
layer IOL may be between the transparent conductive oxide
layer COL and the electron control layer ECL. The inorganic
compound layer IOL may help protect organic layers dis-
posed under the cathode CE10 (e.g., on the base layer BL
side of the inorganic compound layer IOL) during the
manufacturing process of the transparent conductive oxide
material COL. The inorganic compound layer IOL protect-
ing the organic layers (e.g., an electron control layer ECL,
a second organic light emitting layer EML2, or the like) may
be formed on the electron control layer ECL and may protect
against any damage or adverse effects that could result from
a sputtering process used to manufacture the transparent
conductive oxide layer COL

[0126] The inorganic compound layer IOL may include,
e.g., tungsten oxide or molybdenum oxide. The electron
control layer ECL may include, e.g., an electron transport
material doped with ytterbium, to help prevent an electron
injection efficiency from being deteriorated due to the inor-
ganic compound layer IOL.

[0127] FIG. 9A illustrates a cross-sectional view showing
an organic light emitting diode OLED-12 according to an
exemplary embodiment. FIG. 9B illustrates a cross-sectional
view showing an electron control layer ECL10 according to
an exemplary embodiment. Hereinafter, the organic light
emitting diode OLED-12 will be described in detail with
reference to FIGS. 9A and 9B. In FIGS. 9A and 9B, repeated
detailed descriptions of the same elements as those in the
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organic light emitting diodes OLED-1 to OLED-11 shown in
FIGS. 5A to 8B may be omitted. In an implementation, the
organic light emitting diode OLED-12 shown in FIG. 9A
may have a similar stack structure to that of the organic light
emitting diodes shown in FIGS. 7A and 8A.

[0128] In the present exemplary embodiment, the organic
light emitting diode OLED-12 may include, e.g., an electron
control layer ECL10 having a different structure from the
electron control layers of the organic light emitting diodes
OLED-1 to OLED-11 shown in FIGS. 5A to 8B. The organic
light emitting diode OLED-12 according to the present
exemplary embodiment may include, e.g., a cathode CE10
having the same structure as that of the cathode CE10 shown
in FIG. 8B.

[0129] The electron control layer ECL10 according to the
present embodiment may include, e.g., an ytterbium layer
YBL and an electron transport layer ETL disposed under the
ytterbium layer YBL (e.g., the electron transport layer ETL
may be on a base layer BL facing side of the ytterbium layer
YBL) in the third direction axis DR3. The electron transport
layer ETL may include, e.g., an electron transport material.
The ytterbium layer YBL may be a thin film containing
ytterbium and may have a thickness of about 0.5 nm to about
100 nm.

[0130] The inorganic compound layer IOL may help pro-
tect organic layers disposed under the cathode CE10 (e.g,,
layers on a base layer BL facing side of the inorganic
compound layer IOL). The ytterbium layer YBL may form
a P-N junction with the inorganic compound layer 10L to
help improve an electron injection efficiency.

[0131] FIGS. 10 and 11 illustrate cross-sectional views
showing an organic light emitting display panel DP-T1
according to an exemplary embodiment. FIGS. 10 and 11
illustrate cross-sectional views showing different areas of
the sub-pixel SPXij shown in FIG. 2. FIG. 10 shows a
cross-sectional view of areas corresponding to the first
transistor TR1 and the capacitor Cap of the equivalent circuit
shown in FIG. 2, and FIG. 11 shows a cross-sectional view
of areas corresponding to the second transistor TR2 and the
organic light emitting diode OLED of the equivalent circuit
shown in FIG. 2.

[0132] Referring to FIGS. 10 and 11, the organic light
emitting display panel DP-T1 may include, e.g., a base
substrate SUB, insulating layers 12, 14, 16, and PXL, the
sub-pixel SPXij, a thin film encapsulation layer TFE, a color
filter CF, and a black matrix BM.

[0133] The base substrate SUB may include, e.g., a flex-
ible plastic substrate, such as polyimide, a glass substrate, or
a metal substrate. A semiconductor pattern AL1 of the first
transistor TR1 (hereinafter, referred to as a first semicon-
ductor pattern), a semiconductor pattern AL2 of the second
transistor TR2 (hereinafter, referred to as a second semicon-
ductor pattern) may be disposed on the base substrate SUB.
The first semiconductor pattern ALL1 and the second semi-
conductor pattern AL2 may include, e.g., amorphous silicon
that is formed at a low temperature. The first semiconductor
pattern AL1 and the second semiconductor pattern AL2 may
further include, e.g., a metal oxide semiconductor. In an
implementation, functional layers may be further disposed
on one surface of the base substrate SUB. The functional
layers may include, e.g., at least one of a barrier layer or a
buffer layer. The first semiconductor pattern AL1 and the
second semiconductor pattern AL2 may be disposed on the
barrier layer or the buffer layer.



US 2017/0309859 A1l

[0134] A first insulating layer 12 may be disposed on the
base substrate SUB to cover the first and second semicon-
ductor patterns AL1 and AL2. The first insulating layer 12
may include, e.g., an organic layer and/or an inorganic layer.
For example, the first insulating layer 12 may include a
plurality of inorganic thin films. The inorganic thin films
may include, e.g., a silicon nitride layer and/or a silicon
oxide layer.

[0135] A control electrode GE1 of the first transistor TR1
(hereinafter, referred to as a first control electrode) and a
control electrode GE2 of the second transistor TR2 (here-
inafter, referred to as a second control electrode) may be
disposed on the first insulating layer 12. A first electrode E1
of the capacitor Cap may be disposed on the first insulating
layer 12. The first control electrode GE1, the second control
electrode GE2, and the first electrode E1 may be formed
through the same photolithography process used to form the
scan line SLi (refer to FIG. 2). For example, the first
electrode E1 may include the same material as the scan line.

[0136] A second insulating layer 14 may be disposed on
the first insulating layer 12 to cover the first control electrode
GE1 and the second control electrode GE2. The second
insulating layer 14 may include, e.g., an organic layer and/or
an inorganic layer. For example, the second insulating layer
14 may include a plurality of inorganic thin films. The
inorganic thin films may include a silicon nitride layer and
a silicon oxide layer.

[0137] The source line DL (refer to FIG. 2) and the power
line PL (refer to FIG. 2) may be disposed on the second
insulating layer 14. An input electrode SE1 (hereinafter,
referred to as a first input electrode) and an output electrode
DE1 (hereinafter, referred to as a first output electrode) of
the first transistor TR1 may be disposed on the second
insulating layer 14. An input electrode SE2 (hereinafter,
referred to as a second input electrode) and an output
electrode DE2 (hereinafter, referred to as a second output
electrode) of the second transistor TR2 may be disposed on
the second insulating layer 14, The first input electrode SE1
may be branched from the source line DLj. The second input
electrode SE2 may be branched from the power line PL.

[0138] A second electrode E2 of the capacitor Cap may be
disposed on the second insulating layer 14. The second
electrode F2 may be formed through the same photolithog-
raphy process used to form the source line DLj and the
power line PL and may include the same material as the
source line DLj and the power line PL.

[0139] The first input electrode SE1 and the first output
electrode DE1 may be connected to the first semiconductor
pattern AL1 through a first contact hole CH1 and the second
contact hole CH2, respectively, which may be formed
through the first insulating layer 12 and the second insulat-
ing layer 14. The first output electrode DE1 may be elec-
trically connected to the first electrode E1. For example, the
first output electrode DE1 may be connected to the first
electrode E1 through a contact hole formed through the
second insulating layer 14. The second input electrode SE2
and the second output electrode DE2 may be connected to
the second semiconductor pattern AL2 through a fourth
contact hole CH4 and a fifth contact hole CH5, respectively,
which may be formed through the first insulating layer 12
and the second insulating layer 14. In an implementation, the
first transistor TR1 and the second transistor TR2 may have
a bottom gate structure.
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[0140] A third insulating layer 16 may be disposed on the
second insulating layer 14 to cover the first input electrode
SE1, the first output electrode DE1, the second input elec-
trode SE2, and the second output electrode DE2. The third
insulating layer 16 may include, e.g., an organic layer and/or
an inorganic layer. For example, the third insulating layer 16
may include an organic material to provide a flat surface.
The third insulating layer 16 may correspond to the base
layer BL shown in FIG. 5A.

[0141] A pixel definition layer PXL may be disposed on
the third insulating layer 16. The pixel definition layer PXL
may include an opening OP therethrough. T he pixel defi-
nition layer PXL may serve as another insulating layer. The
opening OP shown in FIG. 11 may correspond to openings
OP-R, OP-G, and OP-B shown in FIG. 4A. An organic light
emitting diode may be disposed on the third insulating layer
16. The organic light emitting diode may be one of the
organic light emitting diodes described with reference to
FIGS. 5A to 9B. FIG. 11 shows the organic light emitting
diode OLED-4 of FIG. 7A as a representative example.
[0142] The anode AE may be connected to the second
output electrode DE2 through a sixth contact hole CH6
formed through the third insulating layer 16. The opening
OP of the pixel definition layer PXL may expose at least a
portion of the anode AE. The hole control layer HCL may be
commonly formed in the light emitting areas PXA-R, PXA-
G, and PXA-B (refer to FIG. 4A) and the non-light emitting
area NPXA (refer to FIG. 4A). The hole control layer HCL
may be formed through a deposition process using an open
mask. The first organic light emitting layer EMLI1, the
electric charge generating layer GCL, the second organic
light emitting layer EML2, and the electron control layer
ECL may be sequentially formed on the hole control layer
HCL using a fine metal mask. Then, the cathode CE may be
commonly formed in the light emitting areas PXA-R, PXA-
G, and PXA-B (refer to FIG. 4A) and the non-light emitting
area NPXA (refer to FIG. 4A). The cathode CE may be
formed by a deposition method or a sputtering method in
accordance with the layer structure of the cathode CE.
[0143] The thin film encapsulation layer TFE may be
disposed on the cathode CE. The thin film encapsulation
layer TFE may include, e.g., a plurality of organic layers and
a plurality of inorganic layers. The thin film encapsulation
layer TFE may include, e.g., a lithium fluoride layer, an
aluminum oxide layer, an organic monomer layer (e.g.,
including acrylate-based monomer), a silicon nitride layer,
an organic monomer layer, and/or a silicon nitride layer,
which are stacked one on another. The thin film encapsula-
tion layer TFE may help protect the cathode CE from
external moisture. In an implementation, an optical layer
may be further disposed under the thin film encapsulation
layer TEE to help improve a light extraction efliciency and
to help reduce the possibility of and/or prevent external light
from being reflected.

[0144] The black matrix BM and the color filter CF may
be disposed on the thin film encapsulation layer TFE. The
black matrix BM may be disposed to correspond the non-
light emitting area NPXA of FIG. 4A, and the color filter CF
may be disposed in a corresponding area of the light emitting
areas PXA-R, PXA-G, and PXA-B. The organic light emit-
ting diode OLED-4 may emit the white light and the color
filter CF transmits a specific wavelength range of the white
light. First, second, and third color filters having different
colors may be disposed in the light emitting areas PXA-R,
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PXA-G, and PXA-B of FIG. 4A. Each of the first to third
color filters may have one of red, green, and blue colors.
Each of first, second, and third color filters may have the
same color with a color of light generated from a corre-
sponding organic light emitting diode. A gray color filter
may be disposed in the white light emitting area PXA-W of
the light emitting areas PXA-R, PXA-G, PXA-B, and
PXA-W shown in FIG. 4E to help decrease a brightness of
the white light. For example, the gray color filter my
decrease a brightness of an incident light.
[0145] A protection layer I may be disposed on the black
matrix BM and the color filter CF. The protection layer 1L
may include, e.g., an organic layer or an inorganic layer.
[0146] FIGS. 12 and 13 illustrate cross-sectional views
showing an organic light emitting display panel DP-T2
according to an exemplary embodiment. Repeated detailed
descriptions on the same elements as those in the organic
light emitting display panel DP-T1 shown in FIGS. 10 and
11 may be omitted.
[0147] Referring to FIGS. 12 and 13, the organic light
emitting display panel DP-T2 may include a sealing sub-
strate SUB2 disposed to face a base substrate SUB1. The
sealing substrate SUB2 may be spaced apart from the base
substrate SUB1, and a black matrix BM and a color filter CF
may be disposed on a lower surface of the sealing substrate
SUB2. A moisture absorbent or an optical control layer may
be further disposed between the sealing substrate SUB2 and
a protection layer IL.
[0148] The embodiments may provide an organic light
emitting diode having improved driving efficiency.
[0149] The embodiments may provide an organic light
emitting diode having a reduced driving voltage.
[0150] According to the above, a transmittance of the
cathode may be enhanced by including a first inorganic
compound layer. In addition, the first inorganic compound
layer may help protect the organic layer disposed thereunder
during the process of forming the cathode.
[0151] The ytterbium of the electron control layer may
help improve the electron injection efficiency. The first
inorganic compound layer may be disposed between the
conductive layer of the cathode and the organic light emit-
ting layer, the electron control layer forms the P-N junction
with the first inorganic compound layer, and thus the elec-
tron injection efficiency may be improved.
[0152] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope of
the present invention as set forth in the following claims.

What is claimed is:

1. An organic light emitting diode, comprising:

an anode disposed on a base layer;

a first organic light emitting layer disposed on the anode;

a cathode disposed on the first organic light emitting

layer; and
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an electron control layer disposed between the first

organic light emitting layer and the cathode, the elec-

tron control layer including ytterbium,

wherein the cathode includes:

a first inorganic compound layer contacting the electron
control layer to form a P-N junction with the electron
control layer; and

a conductive layer disposed on the first inorganic
compound layer.

2. The organic light emitting diode as claimed in claim 1,
wherein the first inorganic compound layer is a tungsten
oxide layer or a molybdenum oxide layer.

3. The organic light emitting diode as claimed in claim 2,
wherein:

the electron control layer further includes an electron

transport material, and

the electron transport material is doped with ytterbium.

4. The organic light emitting diode as claimed in claim 3,
wherein the electron control layer includes about 1 wt % to
about 10 wt % of ytterbium, based on a total weight of the
electron control layer.

5. The organic light emitting diode as claimed in claim 3,
wherein the conductive layer is a metal-containing layer.

6. The organic light emitting diode as claimed in claim 5,
wherein the cathode further includes a second inorganic
compound layer disposed on the conductive layer, the sec-
ond inorganic compound layer having a same refractive
index as the first inorganic compound layer.

7. The organic light emitting diode as claimed in claim 3,
wherein the conductive layer is a transparent conductive
oxide layer.

8. The organic light emitting diode as claimed in claim 2,
wherein:

the electron control layer includes an ytterbium layer, and

the conductive layer is a transparent conductive oxide

layer.

9. The organic light emitting diode as claimed in claim 1,
further comprising a diffusion blocking layer disposed
between the electron control layer and the first organic light
emitting layer.

10. The organic light emitting diode as claimed in claim
1, further comprising a reflection layer disposed between the
base layer and the anode, wherein the anode is a transparent
conductive layer.

11. The organic light emitting diode as claimed in claim
1, wherein the anode includes at least one of a reflection
layer or a transparent conductive oxide layer.

12. The organic light emitting diode as claimed in claim
1, further comprising a second organic light emitting layer
disposed between the cathode and the first organic light
emitting layer.

13. The organic light emitting diode as claimed in claim
12, wherein:

the first organic light emitting layer includes a first

organic light emitting material to generate a light

having a first wavelength range,

the second organic light emitting layer includes a second

organic light emitting material to generate a light

having a second wavelength range that is different from
the first wavelength range,

one light of the light having the first wavelength range and

the light having the second wavelength range is a blue

light, and
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the other light of the light having the first wavelength

range and the light having the second wavelength range

is a yellow light.

14. The organic light emitting diode as claimed in claim
12, wherein:

the first organic light emitting layer includes a first

organic light emitting material to generate a light

having a first wavelength range, and

the second organic light emitting layer includes:

a second organic light emitting material to generate a
light having a second wavelength range different
from the first wavelength range, and

a third organic light emitting material to generate a light
having a third wavelength range different from the
first wavelength range and the second wavelength
range.

15. The organic light emitting diode as claimed in claim
12, further comprising an electric charge generating layer
disposed between the first organic light emitting layer and
the second organic light emitting layer.

16. The organic light emitting diode as claimed in claim
12, further comprising a third organic light emitting layer
disposed between the cathode and the second organic light
emitting layer.

17. The organic light emitting diode as claimed in claim
16, wherein:

the first organic light emitting layer includes a first

organic light emitting material to generate a light

having a first wavelength range,

the second organic light emitting layer includes a second

organic light emitting material to generate a light

having a second wavelength range different from the
first wavelength range, and

the third organic light emitting layer includes a third

organic light emitting material to generate a light

having a third wavelength range different from the first
wavelength range and the second wavelength range.

18. The organic light emitting diode as claimed in claim
16, further comprising at least one of a first electric charge
generating layer disposed between the first organic light
emitting layer and the second organic light emitting layer
and a second electric charge generating layer disposed
between the second organic light emitting layer and the third
organic light emitting layer.

19. An organic light emitting display panel, comprising:

a base substrate;

a circuit layer disposed on the base substrate, the circuit

layer including a plurality of pixel driving circuits;

aplurality of organic light emitting diodes disposed on the
circuit layer, the plurality of organic light emitting
diodes being electrically connected to the pixel driving
circuits, respectively; and

a plurality of color filters disposed on the organic light

emitting diodes,

wherein each of the organic light emitting diodes

includes:

an anode;

a first organic light emitting layer disposed on the anode;

a second organic light emitting layer disposed on the first

organic light emitting layer;

a cathode disposed on the second organic light emitting

layer; and
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an electron control layer disposed between the second

organic light emitting layer and the cathode, the elec-

tron control layer including ytterbium,

wherein the cathode includes:

a first inorganic compound layer contacting the electron
control layer to form a P-N junction with the electron
control layer; and

a conductive layer disposed on the first inorganic
compound layer.

20. The organic light emitting display panel as claimed in
claim 19, further comprising a thin film encapsulation layer
to encapsulate the organic light emitting diodes, wherein the
color filters are disposed on the thin film encapsulation layer.

21. The organic light emitting display panel as claimed in
claim 19, further comprising a sealing substrate facing the
base substrate and sealing the organic light emitting diodes,
wherein the color filters are disposed on a lower surface of
the sealing substrate.

22. The organic light emitting display panel as claimed in
claim 19, wherein each of the organic light emitting diodes
generates a white light.

23. The organic light emitting display panel as claimed in
claim 22, wherein the color filters include:

a first color filter having a first color,

a second color filter having a second color different from

the first color, and

a third color filter having a third color different from the

first color and the second color.

24. The organic light emitting display panel as claimed in
claim 23, wherein the color filters further include a gray
color filter to decrease a brightness of an incident light.

25. The organic light emitting display panel as claimed in
claim 19, further comprising a third organic light emitting
layer disposed between the cathode and the first organic light
emitting layer.

26. The organic light emitting display panel as claimed in
claim 19, wherein the first inorganic compound layer is a
tungsten oxide layer or a molybdenum oxide layer.

27. The organic light emitting display panel as claimed in
claim 26, wherein:

the electron control layer further includes an electron

transport material, and

the electron transport material is doped with the ytter-

bium.

28. The organic light emitting display panel as claimed in
claim 27, wherein the electron control layer includes about
1 wt % to about 10 wt % of ytterbium, based on a total
weight of the electron control layer.

29. The organic light emitting display panel as claimed in
claim 27, wherein the conductive layer is a metal-containing
layer.

30. The organic light emitting display panel as claimed in
claim 29, wherein the cathode further includes a second
inorganic compound layer disposed on the conductive layer,
the second inorganic compound layer having a same refrac-
tive index as the first inorganic compound layer.

31. The organic light emitting display panel as claimed in
claim 27, wherein the conductive layer is a transparent
conductive oxide layer.

32. The organic light emitting display panel as claimed in
claim 26, wherein:

the electron control layer includes an ytterbium layer, and

the conductive layer is a transparent conductive oxide

layer.



US 2017/0309859 A1l

33. An organic light emitting diode, comprising;

an anode;

an organic light emitting layer on the anode;

an electron control layer on the organic light emitting
layer, the electron control layer including ytterbium;
and

a cathode on the electron control layer;

wherein the cathode includes:

a first inorganic compound layer contacting the electron
control layer to form a P-N junction with the electron
control layer; and

a conductive layer on the first inorganic compound
layer such that the first inorganic compound layer is
between the electron control layer and the conduc-
tive layer.

34. The organic light emitting diode as claimed in claim
33, wherein the cathode further includes a second inorganic
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compound layer on the conductive layer such that the
conductive layer is between the second inorganic compound
layer and the first inorganic compound layer, the second
inorganic compound layer having a same refractive index as
the first inorganic compound layer.

35. The organic light emitting diode as claimed in claim
33, wherein the first inorganic compound layer includes
tungsten oxide or molybdenum oxide.

36. The organic light emitting diode as claimed in claim
33, wherein the conductive layer includes a transparent
conductive oxide.

37. The organic light emitting diode as claimed in claim
33, wherein the electron control layer includes about 1 wt %
to about 10 wt % of ytterbium, based on a total weight of the
electron control layer.

* ok %k



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS

CPCH%E=

L5
H b 237 32k
S\EReERE

BEG®)

—FHENEK-RENBINLLE RER , FRRATEX -RESER

EEER EWARE-BIRKEREEMARLBRREEE -BIL
RELBFERHIRREEE-AIAXEMARZE , B FRHREE
®, HPRRaSESE TR EMNE-TILEWE  AEa T2

BETEP-NG MREEE -LHNEWE LNSRE,

patsnap

BNAX-RENEFTZENL X -RENEINLZAE RER

US20170309859A1 NI (»&E)B 2017-10-26
US15/455284 RiEH 2017-03-10
ZEERAERLNA

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

LEE MINWOO
KOO YOUNGMO
SONG OKKEUN

LEE, MINWOO
KOO, YOUNGMO
SONG, OKKEUN

HO1L51/50 HO1L51/52 HO1L27/32

HO1L51/5076 HO1L51/5234 HO1L51/5218 HO1L51/504 HO1L27/3248 H01L2251/305 HO1L51/5253
HO1L51/524 HO1L51/5281 HO1L27/3218 HO01L27/322 HO1L51/50 HO1L51/5072 HO1L51/5096 HO1L51
/56271 HO1L2227/32 HO1L51/5044 HO1L51/5278

1020160048351 2016-04-20 KR

US10573840

Espacenet  USPTO

0p-2

-
i
\_
-
T —
n
=
=
T
@ Ji
S

! | |
| | |
| | |
1 I<p | |
| | |
JL JL—_J

| 4 / ! ! /
0P-R  OP-G1 -8 OP-G2 QPR OP-G1 0P8 0OP-62
DRI


https://share-analytics.zhihuiya.com/view/8e26851d-71c4-4349-8df0-18d19a72d9d4
https://worldwide.espacenet.com/patent/search/family/057570333/publication/US2017309859A1?q=US2017309859A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170309859%22.PGNR.&OS=DN/20170309859&RS=DN/20170309859

