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(57) ABSTRACT

Disclosed are a light emitting device which has improved
reliability by increasing bonding force between a cathode
and organic layers contacting both surfaces thereof, and a
transparent display device using the same.
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LIGHT EMITTING DEVICE AND
TRANSPARENT DISPLAY DEVICE USING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Republic of
Korea Patent Application No. 10-2018-0103974, filed on
Aug. 31, 2018, which is hereby incorporated by reference in
its entirety.

BACKGROUND

Field of the Technology

[0002] The present disclosure relates to a light emitting
device, and more particularly, to a light emitting device in
which organic layers contacting both surfaces of a cathode
include an organic compound with lone-pair electrons to
increase bonding force at the interfaces between the cathode
and the organic layers and thus to have improved reliability,
and a transparent display device using the same.

Discussion of the Related Art

[0003] As we have recently entered the information age,
the field of displays which visually display electrical infor-
mation signals has been rapidly developed and, in order to
satisfy such development, various flat display devices hav-
ing excellent performance, such as thinness, light weight and
low power consumption, are being developed and rapidly
replacing conventional cathode ray tubes (CRTs).

[0004] As examples of flat display devices, there are a
liquid crystal display (LCD) device, a plasma display panel
(PDP) device, a field emission display (FED) device, an
organic light emitting diode (OLED) display device, a
quantum dot display device, etc.

[0005] Thereamong, self-luminous display devices which
do not require separate light sources and achieve compact-
ness and clear color display, such as an organic light emitting
diode display device and a quantum dot display device, are
considered as competitive applications.

[0006] A self-luminous display device includes a plurality
of subpixels arranged on a substrate, and each subpixel
includes a light emitting diode having an anode and a
cathode disposed opposite to each other and a light emitting
layer provided between the anode and the cathode.

[0007] Since the self-luminous display device displays an
image using light emitted by the light emitting diodes, it is
important to effectively use an amount extracted of light
from the light emitting diodes. Therefore, in order to raise
light transmissivity, an effort to reduce the thickness of the
cathode located in a light emitting direction and to increase
reliability of the cathode and element adjacent thereto so as
to stabilize performance of the display device has been
made.

[0008] In a top emission structure which is used now, an
anode of a light emitting device includes a reflective metal,
and a cathode of the light emitting device includes a trans-
flective metal. Therefore, light from by a light emitting layer
located between the anode and the cathode is reflected by the
reflective anode and resonates a plurality of times between
the anode and the cathode, and light of a specific wavelength
according to a distance between the anode and the cathode
is emitted. In such a structure, in order to further increase
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transmission efficiency, an effort to reduce the thickness of
the cathode is made. However, since, if a single metal having
transflectivity used as the cathode is deposited, metal par-
ticles aggregate and thus surface uniformity is lowered, an
alloy of such a metal is mainly used. However, it is very
difficult to reduce the thicknesses of a cathode formed of a
single metal or a cathode formed of a metal alloy to a
designated level or less in order to achieve film uniformity
and high temperature stability.

[0009] Inparticular, in a display device having both a light
emission area and a light transmission area, a cathode should
be shared by the light emission area and the light transmis-
sion area, and thus light transmittance is remarkably lowered
by the cathode remaining in the light transmission area.

SUMMARY

[0010] Accordingly, the present disclosure is directed to a
light emitting device which controls organic layers contact-
ing a cathode to improve bonding force at the interfaces
between the cathode and the organic layers and thus to
reduce the thickness of the cathode and a transparent display
device using the same that substantially obviate one or more
problems due to limitations and disadvantages of the related
art.

[0011] An object of the present disclosure is to provide a
light emitting device which includes a cathode electrode and
organic layers formed of an organic compound including a
large number of lone-pair electrons and may thus prevent
aggregation of metal particles in the cathode and secure
reliability even at a high temperature.

[0012] Another object of the present disclosure is to
provide a transparent display device using a light emitting
device which secures reliability of a cathode and may thus
reduce the thickness of the cathode and improve transmit-
tance of the cathode.

[0013] Additional advantages, objects, and features of the
present disclosure will be set forth in part in the description
which follows and in part will become apparent to those
having ordinary skill in the art upon examination of the
following or may be learned from practice of the present
disclosure. The objectives and other advantages of the
present disclosure may be realized and attained by the
structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.
[0014] To achieve these objects and other advantages and
in accordance with the purpose of the present disclosure, as
embodied and broadly described herein, a light emitting
device includes an anode, a light emitting layer on the anode,
and an electron transport layer on the light emitting layer, the
electron transport layer including a first component and a
second component, and a cathode. The first component
includes a heterocyclic compound having atoms with lone-
pair electrons and the second component includes at least
one of an electron-injecting metal or an electron-injecting
metal compound. A volume of the second component in the
electron transport layer is less than a volume of the first
component in the electron transport layer. The cathode
includes a metal component.

[0015] The cathode may include a first surface and a
second surface opposite the first surface. The light emitting
device may further include a first organic layer on the first
surface of the cathode. The first organic layer may include
a same material as the first component. The electron trans-
port layer may be on the second surface of the cathode.
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[0016] The electron transport layer may be in contact with
the second surface of the cathode and the first organic layer
may be in contact with the first surface of the cathode.
[0017] An upper surface of the electron transport layer
may include horizontally continuous bonds between the
atoms with lone-pair electrons in the electron transport layer
and the metal component constituting the cathode. The
upper surface may be between the electron transport layer
and the cathode.

[0018] The first surface of the cathode that is between the
first organic layer and the cathode may include bonds
between the atoms with lone-pair electrons in the first
organic layer and the metal component constituting the
cathode.

[0019] An interface between the cathode and the electron
transport layer may include a bonding layer having horizon-
tally continuous arrangement of the bonds between the
atoms with lone-pair electrons and the metal component
constituting the cathode, and particles of the metal compo-
nent constituting the cathode may be arranged as a layered
structure on the bonding layer. The layered structure may
include a plurality of layers of the particles of the metal
component constituting the cathode.

[0020] The metal component of the cathode may include
one of a transflective metal or a transflective metal alloy.
[0021] The metal component of the cathode may further
include a transition metal.

[0022] The electron-injecting metal of the electron trans-
port layer may be one selected from a transition metal, an
alkali metal and an alkali earth metal.

[0023] The electron-injecting metal compound of the elec-
tron transport layer may include lithium quinoline.

[0024] The first organic layer may further include a tran-
sition metal.

[0025] The cathode may have a thickness of 100 A or less.
[0026] In another aspect of the present disclosure, a trans-
parent display device includes a substrate including a light
emission area that emits light and a light transmission area
that transmits light, and a light emitting device. The light
emitting device includes an anode, a light emitting layer on
the anode, an electron transport layer on the light emitting
layer, and a cathode on the light emitting layer. The electron
transport layer includes a first component and a second
component. The first component includes a heterocyclic
compound having atoms with lone-pair electrons and the
second component includes at least one of an electron-
injecting metal or an electron-injecting metal. A volume of
the second component is less than a volume of the first
component in the electron transport layer. The cathode
includes a metal component and is disposed in both the light
emitting area and the light transmission area.

[0027] The transparent display device may further include
a second organic layer provided between the anode and the
light emitting layer.

[0028] The second organic layer may be provided
throughout the light emission area and the light transmission
area.

[0029] The above-described configuration of the light
emitting device may be applied to the transparent display
device.

[0030] In another aspect of the present disclosure, an
electronic device includes an anode, an organic layer on the
anode, and a cathode. For example, the electronic device
may include a light-emitting device, a solar cell, a battery,
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etc. The organic layer includes a first component and a
second component. The first component includes a hetero-
cyclic compound having atoms with lone-pair electrons. The
second component includes at least one of an electron-
injecting metal or an electron-injecting metal compound.
The volume of the second component is less than a volume
of the first component in the organic layer. The cathode
includes a metal component.

[0031] The cathode may include a first surface and a
second surface opposite the first surface. The electronic
device may further include an additional organic layer on the
first surface of the cathode. The additional organic layer may
include a same material as the first component. The organic
layer may be on the second surface of the cathode.

[0032] The additional organic layer may further include at
least one of a same material as the electron-injecting metal
or the electron-injecting metal compound of the second
component.

[0033] It is to be understood that both the foregoing
general description and the following detailed description of
the present disclosure are exemplary and explanatory and
are intended to provide further explanation of the present
disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The accompanying drawings, which are included
to provide a further understanding of the present disclosure
and are incorporated in and constitute a part of this appli-
cation, illustrate embodiment(s) of the present disclosure
and together with the description serve to explain the
principle of the present disclosure.

[0035] FIG. 1 is a cross-sectional view illustrating a light
emitting device in accordance with the present disclosure.
[0036] FIG. 2 is a perspective view illustrating a cathode
and organic layers located on and under the cathode of FIG.

[0037] FIG. 3 is a model diagram of a formula represent-
ing bonding between an atom with lone-pair electrons
included in a compound forming the organic layers located
on and under the cathode of FIG. 2 and a metal component
constituting the cathode or a second component.

[0038] FIG. 4 is a schematic view illustrating bonding
between the atoms with lone-pair electrons and the metal
component constituting the cathode or the second compo-
nent and bonding between the second component and the
metal component constituting the cathode, shown in FIG. 2.
[0039] FIG. 5 is a view illustrating a principle of consti-
tuting the cathode on an electron transport layer.

[0040] FIG. 6A is a graph representing light transmit-
tances of a cathode film formed of a single metal according
to wavelength when stored at room temperature and stored
at a high temperature.

[0041] FIG. 6B is a graph representing change in voltage-
current density characteristics of a structure in which a
cathode film formed of an alloy is formed on an electron
transport layer with no lone-pair electrons when stored at a
high temperature.

[0042] FIG. 7A is a scanning electron micrograph (SEM)
representing surface change of a single Ag film formed on an
electron transport layer formed of a single compound with
no lone-pair electrons, after 250 hours elapsed.

[0043] FIG. 7B is a scanning electron micrograph (SEM)
representing surface change of a single Ag film formed on an
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electron transport layer formed of a double compound with
no lone-pair electrons, after 250 hours elapsed.

[0044] FIG. 8A is a scanning electron micrograph (SEM)
representing surface change of a single Ag film formed on an
electron transport layer formed of a single compound with
lone-pair electrons, after 250 hours elapsed.

[0045] FIG. 8B is a scanning electron micrograph (SEM)
representing surface change of a single Ag film formed on an
electron transport layer formed of a double compound
including an organic compound with lone-pair electrons and
lithium quinoline (Liq), after 250 hours elapsed.

[0046] FIGS. 9A and 9B are scanning electron micro-
graphs (SEMs) representing surface change of a cathode
formed of an AgMg alloy film on an electron transport layer
formed of a single compound with no lone-pair electrons,
after 500 hours elapsed.

[0047] FIGS. 10A and 10B are scanning electron micro-
graphs (SEMs) representing surface change of a cathode
formed of an AgMg alloy film on an electron transport layer
formed by doping an organic compound with lone-pair
electrons with vtterbium (Yb), after 500 hours elapsed.
[0048] FIGS. 11A and 11B are graphs representing light
transmittances of the cathodes of FIGS. 9A and 10A accord-
ing to wavelength.

[0049] FIGS.12A,12B, and 12C are cross-sectional views
exemplarily illustrating various stack structures of an elec-
tron transport layer and an alloy cathode, which are applied
to test 6.

[0050] FIGS. 13A, 13B, and 13C are graphs representing
voltage-current density characteristics of the respective
stack structures of FIGS. 12A to 12C.

[0051] FIGS. 14A, 14B, 14C, 14D, 14E, 14F, 14G, and
14H are cross-sectional views illustrating stack structures of
a cathode and organic layers contacting the cathode in
accordance with various embodiments of the present disclo-
sure.

[0052] FIG. 15 is a graph representing voltage-current
density characteristics of the stack structure of FIG. 14D and
a stack structure having an electron transport layer formed of
lithium quinoline and a first component.

[0053] FIG. 16 is a cross-sectional view of a transparent
display device in accordance with the present disclosure.

DETAILED DESCRIPTION

[0054] Reference will now be made in detail to the pre-
ferred embodiments of the present disclosure, examples of
which are illustrated in the accompanying drawings. How-
ever, the present disclosure may be embodied in many
alternative forms and should not be construed as limited to
the embodiments set forth herein, and the embodiments of
the present disclosure are provided only to completely
disclose the present disclosure and to completely inform
those skilled in the art of the scope of the present disclosure.
Further, the names of elements used in the following
description of the embodiments of the present disclosure are
selected in consideration of ease in preparation of the
specification, and may thus differ from the names of parts of
an actual product.

[0055] Shapes, sizes, rates, angles, numbers, etc. disclosed
in the drawings to describe the embodiments of the present
disclosure are only exemplary and do not limit the present
disclosure. In the following description of the embodiments
and the drawings, the same or similar elements are denoted
by the same reference numerals even though they are
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depicted in different drawings. In the following description
of the embodiments of the present disclosure, a detailed
description of known functions and configurations incorpo-
rated herein will be omitted when it may make the subject
matter of the present disclosure rather unclear. In the fol-
lowing description of the embodiments, the terms ‘includ-
ing’, ‘having’, ‘comprising’, etc. will be interpreted as
indicating presence of one or more other characteristics,
numbers, steps, operations, elements or parts stated in the
specification or combinations thereof, and do not exclude
presence of characteristics, numbers, steps, operations, ele-
ments, parts or combinations thereof, or possibility of add-
ing the same, unless the term ‘only’ is used. It will be
understood that a singular expression of an element includes
a plural expression of the element unless stated otherwise.
[0056] In interpretation of elements included in the vari-
ous embodiments of the present disclosure, it will be inter-
preted that the elements include error ranges even if there is
no clear statement.

[0057] Inthe following description of the embodiments, it
will be understood that, when positional relations are
expressed, for example, when an element is ‘on’, ‘above’,
‘under’, ‘beside’, etc. another element, the two elements
may directly contact each other, or one or more other
elements may be interposed between the two elements
unless the term ‘just’ or ‘directly’ is used.

[0058] In the following description of the embodiments, it
will be understood that, when temporal relations are
expressed, for example, a term expressing a sequence of
events, such as ‘after’, ‘subsequent to’, ‘next to’ or ‘before’
may encompass continuous relationship between the events,
or discontinuous relationship between the events unless the
term ‘just’ or “directly’ is used.

[0059] Inthe following description of the embodiments, it
will be understood that, when the terms “first’, *second’, etc.
are used to describe various elements, these terms are used
merely to discriminate the same or similar elements. There-
fore, an element modified by the term “first” may be the same
as an element modified by the term ‘second’ within the
technical scope of the present disclosure unless stated oth-
erwise.

[0060] Characteristics of the various embodiments of the
present disclosure may be partially or entirely connected to
or combined with each other and technically variously
driven and interlocked with each other, and the respective
embodiments may be independently implemented or be
implemented together in connection with each other.
[0061] FIG. 1 is a cross-sectional view illustrating a light
emitting device in accordance with the present disclosure,
and FIG. 2 is a perspective view illustrating a cathode and
organic layers located on and under the cathode of FIG. 1.
Embodiments of this disclosure are not limited to a light
emitting device and may also include other embodiments
such as an electronic device which may include a light-
emitting device, a solar cell, a battery, or any type of
electronic device including an electrode (e.g., cathode) and
an organic layer.

[0062] As exemplarily shown in FIG. 1, a light emitting
device in accordance with one embodiment of the present
disclosure includes an anode 110 and a cathode 150 disposed
opposite to each other, a light emitting layer 130 located
between the anode 110 and the cathode 150, and an electron
transport layer 140 located between the light emitting layer
130 and the cathode 150 and including a first component
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including a heterocyclic compound C1 having atoms with
lone-pair electrons and a second component including at
least one of an electron-injecting metal M and an electron-
injecting metal compound MC of a lower content than that
of the first component (e.g., a volume of the second com-
ponent may be lower than a volume of the first component),
the atoms with lone-pair electrons being bonded to a metal
component constituting the cathode 150. The cathode 150
may include a metal component. The metal component of
the cathode may include one of a transflective metal or a
transflective metal alloy. The cathode 150 may further
include a transition metal.

[0063] The electron transport layer 140 includes a dopant
of alow content with the second component having electron
injecting characteristics (the electron-injecting metal M or
the electron-injecting metal compound MC), and thus, for-
mation of an additional electron injection layer between the
electron transport layer 140 and the cathode 150 may be
omitted and the electron transport layer 140 directly contacts
the cathode 150.

[0064] Here, the electron transport layer 140 includes a
large amount, i.e., a host content of the first component C1
including the atoms of lone-pair electrons, and thus the
lone-pair electrons are directly bonded to the metal compo-
nent constituting the cathode 150. Therefore, aggregation of
metal particles of the metal component in the cathode 150
may be prevented even under poor conditions of a high
temperature due to bonding between the metal component of
the cathode 150 and the atoms with lone-pair electrons in the
electron transport layer 140.

[0065] Here, inclusion of the host content of the first
component C1 in the electron transport layer 140 means that
the first component C1 in the electron transport layer 140 is
used as a main component and a first component content of
the electron transport layer 140 is 50% or more, particularly
80% or more, of the total volume of the electron transport
layer 140, and, through such a high first component content,
the first component C1 may uniformly react with the metal
component constituting the cathode 150 at the interface
between the electron transport layer 140 and the cathode
150.

[0066] The first component C1 may be one of a hetero-
cyclic organic compound using nitrogen as the atoms with
lone-pair electrons, as expressed in following chemical
formulas 1 to 4.

[Chemical Formula 1]

Mar. 5, 2020

-continued

[Chemical Formula 2]

[Chemical Formula 4]

[0067] The compounds expressed in the above-described
chemical formulas 1 to 4 are only examples of the first
component C1, and other heterocyclic organic compounds
which include a large number of lone-pair electrons and thus
have excellent bonding force with metal may be used as the
first component C1.

[0068] The first component C1 includes one or more
heteroatoms with lone-pair electrons per 3 conjugated car-
bon rings, and the heteroatoms may be, for example, nitro-
gen atoms, oxygen atoms, sulfur atoms, or the like.

[0069] Further, the second component M or MC is a
component having an electron injecting property, and may
include a metal, such as a transition metal, an alkali metal,
an alkali earth metal, or the like. Although, in the following
test exarmples, ytterbium (Yb) is used as the transition metal,
lithium (L.i) is used as the alkali metal and calcium (Ca) is
used as the alkali earth metal, the second component is not
limited thereto and one selected from the above-described
series metals may be employed.

[0070] Further, the metal compound having the electron
injecting property may be formed by combining the above-
described metal with an organic compound, such as quino-
line. For example, lithium quinoline (Liq) may be a repre-
sentative metal compound.

[0071] Referring to FIG. 2, bonding in the electron trans-
port layer 140 will be described. The electron transport layer
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140 includes a heterocyclic compound including nitrogen
atoms with lone-pair electrons as the first component C1
and, here, the nitrogen atoms are substituted for some of
carbon sites of a benzene ring. Further, the electron transport
layer 140 includes ytterbium (Yb), i.e., a transition metal
component, as the second component.

[0072] In this case, ytterbium (Yb) having the electron
injecting property used as the second component which is
periodically formed according to arrangement of the lone-
pair electrons may be uniformly formed to have the smallest
thickness over or directly on the surface of the electron
transport layer 140 though metallic bonding with silver (Ag)
in the cathode 150. Further, the lone-pair electrons which are
not bonded to the transition metal (Yb) are directly bonded
to the metal component (Ag) of the cathode 150 and may
thus prevent melting and aggregation of the cathode 150 at
a high temperature. For reference, silver (Ag), which is
mainly included in the cathode 150 to exhibit a transflective
property in a top emission type, has optically excellent
transflectivity, but if silver (Ag) alone is used, silver (Ag)
particles tend to aggregate and thus, in order to prevent such
aggregation, a silver (Ag) alloy including Mg is used to form
the cathode 150. In the light emitting device in accordance
with the present disclosure, even if the cathode 150 is
formed of silver (Ag) alone, aggregation of silver (Ag)
particles in the cathode 150 may be prevented through
bonding between atoms with lone-pair electrons and silver
(Ag).

[0073] In the electron transport layer 140, the lone-pair
electrons are bonded to the metal (ytterbium (Yb): the
second component) in the electron transport layer 140 and
may thus achieve uniform doping with the metal M or the
metal compound MC used as the dopant, and strong bonding
between the atoms with lone-pair electrons and the metal or
metal compound around the lone-pair electrons prevents the
metal or metal compound from being substituted by another
atoms or being diffused in a high-temperature environment
and may thus achieve stable driving of the light emitting
device.

[0074] Further, transporting characteristics, for example,
trap density and conductivity, of the electron transport layer
140 are controllable according to the concentration of the
second component as a dopant, i.e., the metal M or the metal
compound MC. Optimization of charge balance is possible
without change in a structure of the electron transport layer
140 in various device structures by controlling a doping
concentration and a doping region through varying the
content of the second component or scanning of the second
component as the dopant in a formation process of the
electron transport layer 140.

[0075] The light emitting device of FIG. 1 represents an
example in which a first organic layer 160 including a same
material as the first component C1 so as to form bonding
between the lone-pair electrons and the metal component in
the cathode 150 is formed on the upper surface of the
cathode 150. The first organic layer 160 may function as a
capping layer having functions of improving stability of the
surface of the cathode 150, protecting the light emitting
device and improving light extraction efficiency.

[0076] A hole transport layer 120 having a hole transport
function may be further provided between the anode 110 and
the light emitting layer 130.

[0077] Further, the light emitting device in accordance
with the present disclosure is operated as a top emission type
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in which light is emitted to the cathode 150 in the upward
direction, and, for this purpose, the anode 110 includes a
reflective electrode, the cathode 150 includes a transflective
electrode, and light emitted by the light emitting layer 130
undergoes reflection and resonance between the cathode 150
and the anode 110 and is emitted to the cathode 150.
[0078] In the light emitting device in accordance with the
present disclosure, the electron transport layer 140 includes
the first component C1 including an organic compound
having atoms with lone-pair electrons and the second com-
ponent including an electron-injecting metal M or an elec-
tron-injecting metal compound MC, and the atoms with
lone-pair electrons are bonded to a metal component in the
cathode 150 and may thus prevent movement of the metal
component in the cathode in a severe environment of a high
temperature and secure interfacial stability.

[0079] Further, as exemplarily shown in FIG. 1, if the first
organic layer 160 including the same material of the first
component C1 including the organic compound is further
provided on the upper surface of the cathode 150, the
electron transport layer 140 and the first organic layer 160
provided on the lower and upper surfaces of the cathode 150
trap the metal component constituting the cathode 150 with
designated bonding force, and thus interfacial stability on
both surfaces of the cathode 150 may be secured.

[0080] FIG. 3 is a model diagram of a formula represent-
ing bonding between the atom with lone-pair electrons
included in the compound forming the organic layers located
on and under the cathode of FIG. 2 and the metal component
constituting the cathode or the second component, and FIG.
4 is a schematic view illustrating bonding between the atoms
with lone-pair electrons and the metal component constitut-
ing the cathode or the second component and bonding
between the second component and the metal component
constituting the cathode, shown in FIG. 2.

[0081] As exemplarily shown in FIG. 4, in the aromatic
heterocyclic compound as the first component C1, a density
of state of electrons in other parts of the atom except for the
lone-pair electrons is delocalized and, thus, if a metal is
adjacent to the heterocyclic compound and the heterocyclic
compound is doped with a metal, the metal is bonded to the
lone-pair electrons and strong bonding between the dopant
metal (FIG. 4 exemplarily illustrating ytterbium (Yb)) and
the electron transport layer 140 is induced. Here, the atom
(N) with the lone-pair electrons is pulled to an empty ‘d’
orbital of an Ag ion of the metal component of the cathode
150 or an Yb ion of the transition metal included as the
second component and thus bonding therebetween is
induced.

[0082] The electron transport layer 140 of the present
disclosure is doped with the second component, such as a
transition metal, an alkali metal, an alkali earth metal,
lithium quinoline (Liq) or the like, and may secure an
electron injecting property by such a metal or lithium
quinoline (Liq) without separate formation of an electron
injection layer. That is, the metal included in the electron
transport layer 140 as the second component is metallically
bonded to the metal in the cathode 150, thus maintaining
alignment of metal particles in the cathode 150 and prevent-
ing aggregation of the metal particles in the cathode 150.
Further, since the lone-pair electrons fix the metal by bond-
ing force with the metal, a diffusion path of the metal in the
cathode 150 is shortened, the metal dopant is not moved at
the interface between the cathode 150 and the electron
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transport layer 140 even in a high-temperature environment
and thus stable driving of the light emitting device is
possible, and carriers, such as electrons, are not accumulated
at the interface and thus improvement in the lifespan of the
light emitting device is expected.

[0083] The atoms with lone-pair electrons in the organic
compound of the first component C1 of the present disclo-
sure may be atoms of nitrogen, as expressed in chemical
formulas 1 to 4, without being limited thereto, and may be
atoms of oxygen, sulfur, or the like. In this case, whether or
not an element is usable as the first component is determined
according to whether or not the element has a sufficient
number of lone-pair electrons.

[0084] In the light emitting device in accordance with the
present disclosure, since the metal or the metal compound of
the second component in the electron transport layer 140 is
located according to the structure of the first component C1
included as a main component (a host), the electron transport
layer 140 may have a densely stacked structure having a
high density.

[0085] Therefore, in the light emitting device in accor-
dance with the present disclosure, the cathode 150 having a
thin thickness of 100 A or less which is stable at a high
temperature and has high transmissivity may be formed by
doping the first component C1 having a sufficient amount of
lone-pair electrons with the metal M or the metal compound
MC as the second component, and the number of layers may
be reduced by omitting an electron injection layer from the
structure of the light emitting device.

[0086] FIG. 5 is a view illustrating a principle of consti-
tuting the cathode on the electron transport layer.

[0087] As exemplarily shown in FIG. 5, when first metal
particles 151a in a gas phase are supplied to the surface of
the electron transport layer 140, the first metal particles 151a
in the gas phase are converted into first metal particles 1515
in a fluid phase, and the first metal particles 1515 in the fluid
phase are adsorbed onto the surface of the electron transport
layer 140, as second metal particles 151¢. When the second
metal particles 151c are diffused on the surface of the
electron transport layer 140, some of the second metal
particles 151¢ are desorbed from the surface of the electron
transport layer 140 and are returned to the first metal
particles 1515 in the fluid phase, and the remaining second
metal particles 151¢ are arranged as an island type on the
surface of the electron transport layer 140 and thus function
as nuclei for uniform layered arrangement of the first metal
particles 151a in the gas phase which are subsequently
supplied, and grow to be particles 151.

[0088] In the light emitting device in accordance with the
present disclosure, the dopant formed of the metal M uni-
formly formed on the surface of the electron transport layer
140 along arrangement of the lone-pair electrons functions
as centers of the nuclei when the cathode 150 formed of
silver (Ag) as a base material is deposited on the electron
transport layer 140, and thus the cathode 150 may be formed
as a uniform and thin film, and diffusion of the metal in the
cathode 150 in a high-temperature environment may be
prevented by bonding force among the dopant of the elec-
tron transport layer 140, the lone-pair electrons and the
metal component constituting the cathode 150.

[0089] Hereinafter, significance of the structure of the
light emitting device in accordance with the present disclo-
sure will be described through various tests.
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[0090] Hereinafter, an electron transport layer with no
lone-pair electrons used in the tests exemplarily employs an
anthracene compound.

[0091] [Test 1]

[0092] FIG. 6A is a graph representing light transmit-
tances of a cathode film formed of a single metal according
to wavelength when stored at room temperature and stored
at a high temperature, and FIG. 6B is a graph representing
change in voltage-current density characteristics of a struc-
ture in which a cathode film formed of an alloy is formed on
an electron transport layer with no lone-pair electrons when
stored at a high temperature.

[0093] As exemplarily shown in FIG. 64, if a cathode film
formed of silver (Ag) alone was formed to have a small
thickness of 80 A on the electron transport layer with no
lone-pair electrons, light transmittance of the cathode film
was changed from 80% to 60% as light was changed from
a short wavelength of about 400 nm to a long wavelength of
about 700 nm in the visible wavelength range, and thus had
a small deviation within the range of 20% according to
wavelength, when such a stack structure was stored at room
temperature, but light transmittance of the cathode film was
decreased as the wavelength of light was increased in the
wavelength range of 400 nm to 500 nm, and then increased
as light was gradually changed to a longer wavelength, when
the stack structure was stored at a high temperature of 100°
C. for 48 hours. Light transmittance of the cathode film
when stored at a high temperature tends to be in opposition
to light transmittance of the cathode film when is stored at
room temperature, which means that a light emitting device
manufactured using the cathode film has characteristics in
opposition to a design value considered as an initial value in
a high-temperature environment and thus reliability of the
light emitting device cannot be expected.

[0094] Further, as exemplarily shown in FIG. 6B, in a
stack structure in which a cathode film formed of an AgMg
alloy is formed directly on the electron transport layer with
no lone-pair electrons, it may be confirmed that, as the
storage time of the stack structure at a high temperature of
100° C. was gradually increased from O hour to 48 hours and
72 hours, a voltage to achieve the same current density was
increased. In this test, the AgMg alloy film used as a cathode
was formed to have a thickness of 70 A, and, in this case, as
the high-temperature storage time of the stack structure was
increased, driving voltage to achieve the same current den-
sity was increased, as compared to a case in which the stack
structure was not stored at a high temperature.

[0095] Through test 1, it may be understood that light
transmittance of a metal cathode formed by thermal vacuum
deposition was sensitive to thickness and composition
thereof, and, when the thickness of the Ag-based cathode
having low light absorption was reduced to 80 A or less so
as to increase light transmittance, the cathode exhibited high
light transmittance of 70% or more in a visible wavelength
range, but when placed in a high-temperature environment,
high surface plasmon resonance (SPR) loss occurred due to
aggregation of the cathode and light transmittance of the
cathode in the visible wavelength range was rapidly
decreased. Particularly, a display device is generally
designed such that a wavelength of a range of 500 nm to 600
nm occupies a large part of luminance as compared to
wavelengths of other ranges, and thus, if such a metal
cathode formed of a single component and thus having low
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transmittance due to storage at a high temperature is applied
to a display device, the display device loses reliability.
[0096] Further, the cathode having property change in a
high-temperature environment changes driving voltage and
it may be expected that light emitting characteristics of the
light emitting device using the cathode at a high temperature
are lowered.

[0097] In order to solve such problems, an element to
prevent metal diffusion in the cathode, such as an electron
injection layer formed of an electron injecting material
including a transition metal, an alkali metal, an alkali earth
metal, or the like, may be used, but, if the electron injection
layer is additionally provided between the electron transport
layer and the cathode, the electron injection layer reduces
transmittance and is difficult to apply to a transparent display
device.

[0098] [Test 2]

[0099] FIG. 7A is a scanning electron micrograph (SEM)
representing surface change of a single Ag film formed on an
electron transport layer formed of a single compound with
no lone-pair electrons (an anthracene compound), after 250
hours elapsed, and FIG. 7B is a scanning electron micro-
graph (SEM) representing surface change of a single Ag film
formed on an electron transport layer formed of a double
compound with no lone-pair electrons, after 250 hours
elapsed.

[0100] As exemplarily shown in FIG. 7A, it may be
confirmed that, when a single Ag film was formed on an
electron transport layer formed of a single compound with
no lone-pair electrons (an anthracene compound), aggrega-
tion of Ag particles was observed, after 250 hours elapsed.
As exemplarily shown in FIG. 7B, it may be confirmed that,
when a single Ag film is formed on an electron transport
layer formed of a double compound with no lone-pair
electrons (an anthracene compound+Lig), aggregation of Ag
particles was reduced as compared to the single Ag film of
FIG. 7A, after 250 hours elapsed. It may be expected that the
added Lig component partially reacts with the Ag compo-
nent of the cathode.

[0101] [Test 3]

[0102] FIG. 8A is a scanning electron micrograph (SEM)
representing surface change of a single Ag film formed on an
electron transport layer formed of a single compound with
lone-pair electrons, after 250 hours elapsed, and FIG. 8B is
a scanning electron micrograph (SEM) representing surface
change of a single Ag film formed on an electron transport
layer formed of a double compound including an organic
compound with lone-pair electrons and lithium quinoline
(Liq), after 250 hours elapsed.

[0103] As exemplarily shown in FIG. 8A, it may be
confirmed that, when a single Ag film was formed on an
electron transport layer formed of a single compound with
lone-pair electrons (expressed in chemical formula 1), some
aggregation of Ag particles was observed, after 250 hours
elapsed, but aggregation of Ag particles of the single Ag film
was reduced as compared to the structure of FIG. 7B in
which the electron transport layer is formed of the double
compound. This means that, even if a cathode is formed of
Ag alone, aggregation of Ag particles of the cathode in a
high-temperature environment may be prevented by adjust-
ing components of a lower organic layer or lower organic
layers.

[0104] As exemplarily shown in FIG. 8B, it may be
confirmed that, when a single Ag film was formed on an
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electron transport layer formed of a double compound
including an organic compound with lone-pair electrons
(expressed in chemical formula 1) and lithium quinoline
(Liq), even after aging at a high temperature, aggregation of
Ag particles was scarcely observed, after 250 hours elapsed.
This means that this structure is more effective than the
structure of FIG. 8A, i.e., aggregation of Ag particles is
effectively prevented by doping the organic compound with
lone-pair electrons of the electron transport layer with an
electron-injecting metal compound, such as lithium quino-
line (Liq).

[0105] Hereinafter, significance of the light emitting
device in accordance with the present disclosure will be
described through test 4 in which cathode films are exposed
to a high-temperature environment for a longer time.
[0106] [Tests 4 and 5]

[0107] FIGS. 9A and 9B are scanning electron micro-
graphs (SEMs) representing surface change of a cathode
formed of an AgMg alloy film on an electron transport layer
formed of a single compound with no lone-pair electrons,
after 500 hours elapsed. FIGS. 10A and 10B are scanning
electron micrographs (SEMs) representing surface change
of a cathode formed of an AgMg alloy film on an electron
transport layer formed by doping an organic compound with
lone-pair electrons with ytterbium (Yb), after 500 hours
elapsed. Further, FIGS. 11 A and 11B are graphs representing
light transmittances of the cathodes of FIGS. 9A and 10A
according to wavelength.

[0108] FIG. 9B is an enlarged SEM of FIG. 9A by 2.5
times, and similarly, FIG. 10B is an enlarged SEM of FIG.
10A by 2.5 times.

[0109] In test 4, when a cathode formed of a metal alloy
film was respectively formed on an electron transport layer
formed of a single compound with no lone-pair electrons
and an electron transport layer formed by doping an organic
compound with lone-pair electrons with ytterbium (Yb),
whether or not Ag particles in the respective cathodes
aggregated was checked.

[0110] As exemplarily shown in FIGS. 9A and 9B,
through surface change of the cathode formed of the AgMg
alloy film which was formed on the electron transport layer
formed of the single compound with no lone-pair electrons,
after 500 hours elapsed, it may be confirmed that, even if the
cathode further includes Mg in order to prevent aggregation
of Ag particles, aggregation of Ag particles in a high-
temperature environment was not avoided.

[0111] On the other hand, as exemplarily shown in FIGS.
10A and 10B, through surface change of the cathode formed
of the AgMg alloy film which was formed on the electron
transport layer formed by doping the organic compound
with lone-pair electrons with ytterbium (Yb), after 500 hours
elapsed, it may be confirmed that no aggregation of Ag
particles was observed.

[0112] In test 5, light transmittances of the same film
structures as in test 4 as time passed were checked.

[0113] Inmore detail, as exemplarily shown in FIGS. 11A
and 11B representing change in light transmittances of the
cathodes according to wavelength when a holding time is
varied, it may be confirmed that, as exemplarily shown in
FIG. 11A, in the structure in which the organic compound
with no lone-pair electrons is used to form the electron
transport layer, even if the cathode is formed of the alloy
film, when a time taken to expose the structure to a high-
temperature environment is increased, light transmittance of
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the cathode is decreased. On the other hand, as exemplarily
shown in FIG. 11B, it may be confirmed that, in the structure
in which the electron transport layer is formed by doping the
organic compound with lone-pair electrons with a transition
metal, such as ytterbium (Yb), even if the cathode is formed
to have a small thickness of 50 A, interfacial stability of the
cathode is secured, thermal stability of the cathode is greatly
improved and the cathode may maintain uniform thin film
characteristics and high transmittance.

[0114] In tests 4 and 5, the cathodes were formed in
common of the AgMg alloy film having a composition ratio
of 20:1 so that Ag is used as a main component of the
cathodes, and had a thin thickness of 50 A so as to maintain
light transmittance.

[0115] [Test 6]

[0116] FIGS. 12A to 12C are cross-sectional views exem-
plarily illustrating various stack structures of an electron
transport layer and an alloy cathode, which are applied to
test 6. Further, FIGS. 13A to 13C are graphs representing
voltage-current density characteristics of the respective
stack structures of FIGS. 12A to 12C.

[0117] In the stack structures shown in FIGS. 12A to 12C,
the cathodes were in common formed of an AgMg alloy film
to have a thin thickness of 70 A, and the electron transport
layers formed under the cathodes had different composi-
tions.

[0118] In the stack structure of FIG. 12A, the electron
transport layer included an organic compound with no
lone-pair electrons and ytterbium (Yb) which is a transition
metal. Ytterbium (Yb) formed a layer having a thickness of
5 A adjacent to the cathode. In this case, it may be confirmed
from FIG. 13A that, when the stack structure was held at a
current density of 5 mA/cm? for 250 hours, driving voltage
had a variation of 0.65 V.

[0119] In the stack structure of FIG. 12B, the electron
transport layer included an organic compound with lone-pair
electrons (a first component) alone. In case of the stack
structure of FIG. 12B, it may be confirmed from FIG. 13B
that, when the stack structure was held at a current density
of 5 mA/cm? for 250 hours, driving voltage had a variation
of 0.52 V, and thus the stack structure of this case still had
driving voltage variation although it is smaller than that of
the stack structure of FIG. 12A.

[0120] In the stack structure of FIG. 12C, the electron
transport layer was formed of a mixture of an organic
compound with lone-pair electrons (a first component) and
ytterbium (Yb) which is a transition metal (a second com-
ponent). In this case, ytterbium (Yb) formed a layer having
a thickness of 5 A on the electron transport layer having a
thickness of about 100 A to 250 A. In this case, it may be
confirmed from FIG. 13C that, when the electron transport
layer included the transition metal in addition to the first
component with lone-pair electrons, no substantial current
density difference was caused even if a high-temperature
storage time was changed.

[0121] That is, bonding force between the dopant of the
electron transport layer and the cathode at the interface
therebetween may effectively prevent metal diffusion in the
cathode at a high temperature, and thus the cathode formed
of an AgMg alloy film having a thin thickness (of 100 A or
less, particularly 80 A or less) may secure reliability in
driving in a high-temperature environment.

[0122] Hereinafter, in addition to the embodiment of the
present disclosure shown in FIGS. 1 to 4, stack structures of
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a cathode and layers contacting the cathode in accordance
with various modified embodiments in accordance with the
present disclosure will be described.

[0123] FIGS. 14A to 14H are cross-sectional views illus-
trating stack structures of a cathode and organic layers
contacting the cathode in accordance with various embodi-
ments of the present disclosure.

[0124] As exemplarily shown in FIG. 14A, in accordance
with a second embodiment, an electron transport layer 241
is formed of a first component C1 including a single het-
erocyclic compound having atoms with lone-pair electrons,
and a cathode 250 formed of a single transflective metal
(Ag) is formed on the electron transport layer 241. Effects of
this stack structure were described above with reference to
FIG. 8A.

[0125] As exemplarily shown in FIG. 14B, in accordance
with a third embodiment, an electron transport layer 241 is
formed of a first component C1 including a single hetero-
cyclic compound having atoms with lone-pair electrons, and
a cathode 251 formed of a transflective metal alloy film
(Ag:Mg) is formed on the electron transport layer 241.
Effects of this stack structure were described above with
reference to FIGS. 12B and 13B.

[0126] As exemplarily shown in FIG. 14C, in accordance
with a fourth embodiment, an electron transport layer 243 is
formed of a mixture of a first component C1 including a
single heterocyclic compound having atoms with lone-pair
electrons and a second component including a transition
metal, and a cathode 251 formed of a transflective metal
alloy film (Ag:Mg) is formed on the electron transport layer
243. Effects of this stack structure were described above
with reference to FIGS. 12C and 13C.

[0127] As exemplarily shown in FIG. 14D, in accordance
with a fifth embodiment, an electron transport layer 244 is
formed of a mixture of a first component including a single
heterocyclic compound having atoms with lone-pair elec-
trons, a second component including a transition metal and
a third component including lithium quinoline (Liq), and a
cathode 251 formed of a transflective metal alloy film
(Ag:Mg) is formed on the electron transport layer 244. In
this case, lithium atoms of lithium quinoline (Liq) may be
bonded to the first component C1 by the above-described
method, and thus stability of the electron transport layer 244
in accordance with this embodiment may be improved to be
higher than stability of the electron transport layer 243 in
accordance with the fourth embodiment.

[0128] As exemplarily shown in FIG. 14E, in accordance
with a sixth embodiment, an electron transport layer 241 is
formed of a first component including a single heterocyclic
compound having atoms with lone-pair electrons, a cathode
250 formed of a single transflective metal (Ag) or a cathode
251 formed of a transflective metal alloy film (Ag:Mg) is
formed on the electron transport layer 241, and a first
organic layer 261 formed of a same material as the first
component C1 including the same single heterocyclic com-
pound having atoms with lone-pair electrons as the electron
transport layer 241 is formed on the cathode 250 or 251.
Here, the electron transport layer 241 and the first organic
layer 261 include the same material of the component, but
the electron transport layer 241 and the first organic layer
261 have different functions, i.e., a function of transporting
electrons and a function of extracting light or protecting the
light emitting device, and may thus have different thick-
nesses.



US 2020/0075883 Al

[0129] As exemplarily shown in FIG. 14F, in accordance
with a seventh embodiment, an electron transport layer 242
is formed of a mixture of a first component C1 including a
single heterocyclic compound having atoms with lone-pair
electrons and lithium quinoline (Liq), a cathode 250 formed
of a single transflective metal (Ag) or a cathode 251 formed
of a transflective metal alloy film (Ag:Mg) is formed on the
electron transport layer 242, and a first organic layer 262
formed of the same mixture as the electron transport layer
242, ie., a mixture of the same materials of a first compo-
nent C1 including a single heterocyclic compound having
atoms with lone-pair electrons and lithium quinoline (Liq),
is formed on the cathode 250 or 251. Here, the electron
transport layer 242 and the first organic layer 262 include the
same materials of the component in the same manner as in
the sixth embodiment, but the electron transport layer 242
and the first organic layer 262 have different functions, i.e.,
a function of transporting electrons and a function of extract-
ing light or protecting the light emitting device, and may
thus have different thicknesses.

[0130] As exemplarily shown in FIG. 14G, in accordance
with an eighth embodiment, an electron transport layer 244
is formed of a triple mixture of a first component C1
including a single heterocyclic compound having atoms with
lone-pair electrons, lithium quinoline (Liq) and a transition
metal, a cathode 250 formed of a single transflective metal
(Ag) or a cathode 251 formed of a transflective metal alloy
film (Ag:Mg) is formed on the electron transport layer 244,
and a first organic layer 263 formed of the same mixture as
the electron transport layer 244, i.e., a triple mixture of the
same materials as a first component including a single
heterocyclic compound having atoms with lone-pair elec-
trons, lithium quinoline (Liq) and a transition metal, is
formed on the cathode 250 or 251. Here, the electron
transport layer 244 and the first organic layer 263 include the
same materials of the component in the same manner as in
the sixth embodiment, but the electron transport layer 244
and the first organic layer 263 have different functions, i.e.,
a function of transporting electrons and a function of extract-
ing light or protecting the light emitting device, and may
thus have different thicknesses.

[0131] As exemplarily shown in FIG. 14H, in accordance
with a ninth embodiment, an electron transport layer 244 is
formed of a triple mixture of a first component C1 including
a single heterocyclic compound having atoms with lone-pair
electrons, lithium quinoline (Liq) and a transition metal, a
cathode 250 formed of a single transflective metal (Ag) or a
cathode 251 formed of a transflective metal alloy film
(Ag:Mg) is formed on the electron transport layer 244, and
a first organic layer 264 formed of a mixture of the same
material of a heterocyclic compound having atoms with
lone-pair electrons as the electron transport layer 244 and
the same material of a transition metal as the electron
transport layer 244 is formed on the cathode 250 or 251.
[0132] [Test 7]

[0133] FIG. 15 is a graph representing voltage-current
density characteristics of the stack structure of FIG. 14D and
a stack structure having an electron transport layer formed of
lithium quinoline and a first component.

[0134] As exemplarily shown in FIG. 15, through com-
parison between the stack structure having the electron
transport layer formed of lithium quinoline and the first
component C1 and the stack structure in accordance with the
fifth embodiment shown in FIG. 14D, it may be confirmed
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that the stack structure having the electron transport layer
including the transition metal (Cl+transision metal or
Cl+transision metal+Liq) (in the fourth embodiment or the
fifth, eighth and ninth embodiments) uses low driving volt-
age at the same current density, and this means that the
structure in which the electron transport layer further
includes a transition metal in addition to the first component
and lithium quinoline (Liq) is more effective in terms of
reliability in driving the light emitting device than the
structure in which the electron transport layer includes the
first component and lithium quinoline (Liq).

[0135] In this test, the cathode formed of an AgMg alloy
film was used in common, and the thickness of the cathode
was 70 A.

[0136] FIG. 16 is a cross-sectional view of a transparent
display device in accordance with the present disclosure.
[0137] Hereinafter, a display device using the above-
described light emitting device in accordance with the
present disclosure will be described.

[0138] As exemplarily shown in FIG. 16, a transparent
display device in accordance with one embodiment of the
present disclosure includes a substrate 100 divided into a
light emission area EA and a light transmission area TA, and
a light emitting device on the substrate 100 and including a
reflective anode 110 provided in the light emission area EA,
light emitting layers 131, 132 and 133 provided on the
reflective anode 110, a cathode 150 located above the light
emitting layers 131, 132 and 133 and provided in the light
emission area EA and the light transmission area TA, and an
electron transport layer 140 located between the light emit-
ting layers 131, 132 and 133 and the cathode 150 and
including a component C1 (in FIGS. 1 to 4) having atoms
with lone-pair electrons so that the atoms with lone-pair
electrons are bonded to a metal component constituting the
cathode 150.

[0139] Further, a first organic layer (or a capping layer)
160 is formed on the opposite surface of the cathode 150 on
which the electron transport layer 140 including the first
component C1 is not formed.

[0140] Between the electron transport layer 140 and the
cathode 150, bonds between the atoms with lone-pair elec-
trons in the electron transport layer 140 and the metal
component constituting the cathode 150 may be horizontally
continuously formed along the upper surface of the electron
transport layer 140.

[0141] Further, between the first organic layer 160 and the
cathode 150, bonds between the atoms with lone-pair elec-
trons in the first organic layer 160 and the metal component
constituting the cathode 150 may be formed along the upper
surface of the cathode 150.

[0142] Further, at the interface between the cathode 150
and the electron transport layer 140, a bonding layer may be
formed by horizontally continuous arrangement of the bonds
between the atoms with lone-pair electrons and the metal
component constituting the cathode 150, and particles of the
metal component constituting the cathode 150 may be
arranged as a layered structure on the bonding layer. For
example, the layered structure may comprise a plurality of
layers of the particles of the metal component constituting
the cathode 150.

[0143] Further, the transparent display device further
includes a second organic layer 120 provided between the
reflective anode 110 and the light emitting layers 131, 132
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and 133. Further, the second organic layer 120 may be
provided in the light emission area EA and the transmission
area TA.

[0144] The light emitting layers 131, 132 and 133 located
in the light emission area EA may include first to third light
emitting layers 131, 132 and 133 to emit light of different
colors. Except for the first to third light emitting layers 131,
132 and 133 and the anode 110, each of the respective
organic layers 120 and 160 and the cathode 150, may be
formed as an integral type in the light emission area EA and
the light transmission area TA, and the respective organic
layers 120 and 160 are formed in common in all the areas
and thus be referred as common organic layers.

[0145] Although not shown in the drawings, the transpar-
ent display device may further include a thin film transistor
connected to the reflective anode 110 so as to drive each
light emission area EA, on the substrate 100.

[0146] Non-described effects of the elements refer to the
above-described principle and effects of the light emitting
device.

[0147] The light emitting device and the transparent dis-
play device using the same in accordance with the present
disclosure improve bonding force between the electron
transport layer and the cathode, and thus transmittance of the
transparent display device having both a light emission area
and a light transmission area in which the cathode may be
implemented as a thin film may be secured. Further, elec-
trical bonding force between the electron transport layer and
the cathode is high, and thus electric resistance may be
lowered even if the cathode having a small thickness is used.
[0148] Further, the atoms with lone-pair electrons in the
electron transport layer hold the metal component of the
cathode, and may prevent metal diffusion of the cathode and
secure high-temperature stability due to band alignment.
[0149] The light emitting device in accordance with the
present disclosure may be applied, for example, not only to
an organic light emitting device using an organic light
emitting layer as a light emitting layer but also to an
inorganic light emitting device including quantum dots as a
light emitting layer. The light emitting device in accordance
with the present disclosure may be applied, for example, to
any structure which has the interface between an electron
transport layer and a cathode, in addition to the above-
described organic or inorganic light emitting device, and
thereby have both high-temperature stability and increase in
lifespan.

[0150] As apparent from the above description, a light
emitting device and a transparent display device using the
same in accordance with the present disclosure have effects
as follows.

[0151] First, the light emitting device in accordance with
the present disclosure includes an electron transport layer
including a compound with lone-pair electrons as a main
component and contacting a cathode so that the lone-pair
electrons are bonded to a metal component constituting the
cathode at the interface between the cathode and the electron
transport layer, and may thus achieve interfacial stabilization
and reduce or eliminate aggregation of metal particles in the
cathode.

[0152] Second, bonding force between not only the lone-
pair electrons in the electron transport layer but also a
component included in the electron transport layer as a
dopant and the metal component constituting the cathode
occurs at the interface between the cathode and the electron
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transport layer, and thus prevent degradation or change of
the cathode even in a high-temperature environment and
secure reliability of the light emitting device at a high
temperature.

[0153] Third, the metal component constituting the cath-
ode and the component of the electron transport layer are
bonded, and thus reliability of a designated degree or more
may be acquired even if the cathode is formed of a single
metal.

[0154] Fourth, the light emitting device includes an
organic layer, including a compound with lone-pair elec-
trons as a main component, as a capping layer on the upper
surface of the cathode, in addition to the electron transport
layer provided on the lower surface of the cathode, and may
thus improve bonding force between the cathode and the
organic layers contacting both surfaces of the cathode and
preventing change in the entirety of the cathode in a high-
temperature environment.

[0155] Fifth, a film between the lone-pair electrons and the
metal component constituting the cathode is horizontally
formed on the surface of the cathode, particles of the metal
component are arranged along such a horizontal bonding
film, and the cathode is formed as a uniform film having a
layered structure and may thus be formed to have a small
thickness of 100 A or less. Therefore, when the transparent
display device including the cathode is implemented, trans-
mittance of the transparent display device may be improved.
[0156] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the spirit or scope
of the present disclosure. Thus, it is intended that the present
disclosure cover the modifications and variations of this
present disclosure provided they come within the scope of
the appended claims and their equivalents.

What is claimed is:

1. A light emitting device comprising:

an anode;

a light emitting layer on the anode;

an electron transport layer on the light emitting layer, the
electron transport layer comprising a first component
and a second component, the first component including
a heterocyclic compound having atoms with lone-pair
electrons, and the second component including at least
one of an electron-injecting metal or an electron-
injecting metal compound, wherein a volume of the
second component in the electron transport layer is less
than a volume of the first component in the electron
transport layer; and

a cathode on the electron transport layer, the cathode
comprising a metal component.

2. The light emitting device according to claim 1, wherein
the cathode includes a first surface and a second surface
opposite the first surface, the light emitting device further
comprising:

a first organic layer on the first surface of the cathode, the
first organic layer comprising a same material as the
first component, wherein the electron transport layer is
on the second surface of the cathode.

3. The light emitting device according to claim 2, wherein
the electron transport layer is in contact with the second
surface of the cathode and the first organic layer is in contact
with the first surface of the cathode.

4. The light emitting device according to claim 3, wherein
an upper surface of the electron transport layer includes
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horizontally continuous bonds between the atoms with lone-
pair electrons in the electron transport layer and the metal
component constituting the cathode, the upper surface
between the electron transport layer and the cathode.

5. The light emitting device according to claim 3, wherein
the first surface of the cathode, between the first organic
layer and the cathode, includes bonds between the atoms
with lone-pair electrons in the first organic layer and the
metal component constituting the cathode.

6. The light emitting device according to claim 4, wherein
an interface between the cathode and the electron transport
layer includes a bonding layer having horizontally continu-
ous arrangement of the bonds between the atoms with
lone-pair electrons and the metal component constituting the
cathode, and particles of the metal component constituting
the cathode are arranged as a layered structure on the
bonding layer, wherein the layered structure comprises a
plurality of layers of the particles of the metal component
constituting the cathode.

7. The light emitting device according to claim 1, wherein
the metal component of the cathode comprises one of a
transflective metal or a transflective metal alloy.

8. The light emitting device according to claim 7, wherein
the metal component of the cathode further comprises a
transition metal.

9. The light emitting device according to claim 1, wherein
the electron-injecting metal is one selected from a transition
metal, an alkali metal, and an alkali earth metal.

10. The light emitting device according to claim 1,
wherein the electron-injecting metal compound comprises
lithium quinoline.

11. The light emitting device according to claim 2,
wherein the first organic layer further comprises at least one
of a transition metal and lithium quinoline.

12. The light emitting device according to claim 7,
wherein the cathode has a thickness of 100 A or less.

13. A transparent display device comprising:

a substrate including a light emission area that emits light

and a light transmission area that transmits light; and

a light emitting device on the substrate, the light emitting

device including:

an anode;

a light emitting layer on the anode;

an electron transport layer on the light emitting layer,
the electron transport layer comprises a first compo-
nent comprising a heterocyclic compound having
atoms with lone-pair electrons and a second compo-
nent comprising at least one of an electron-injecting
metal or an electron-injecting metal compound, a
volume of the second component being less than a
volume of the first component in the electron trans-
port layer; and

a cathode on the light emitting layer and disposed in
both the light emitting area and the light transmission
area, the cathode comprising a metal component.
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14. The transparent display device according to claim 13,
further comprising a second organic layer provided between
the anode and the light emitting layer,

wherein the second organic layer is provided throughout
the light emission area and the light transmission area.

15. The transparent display device according to claim 14,
wherein the cathode includes a first surface and a second
surface opposite the first surface, the light emitting device
further comprising:

a first organic layer on the first surface of the cathode, the
first organic layer comprising a same material as the
first component, wherein the electron transport layer is
on the second surface of the cathode, wherein the
electron transport layer is in contact with the second
surface of the cathode and the first organic layer is in
contact with the first surface of the cathode.

16. The transparent display device according to claim 15,
wherein an upper surface of the electron transport layer
includes horizontally continuous bonds between the atoms
with lone-pair electrons in the electron transport layer and
the metal component constituting the cathode, the upper
surface between the electron transport layer and the cathode.

17. The transparent display device according to claim 15,
wherein the first surface of the cathode, between the first
organic layer and the cathode, includes bonds between the
atoms with lone-pair electrons in the first organic layer and
the metal component constituting the cathode.

18. An electronic device comprising:

an anode;

an organic layer on the anode, the organic layer compris-

ing a first component and a second component, the first
component including a heterocyclic compound having
atoms with lone-pair electrons, and the second compo-
nent including at least one of an electron-injecting
metal or an electron-injecting metal compound,
wherein a volume of the second component is less than
a volume of the first component in the organic layer;
and

a cathode on the organic layer, the cathode comprising a
metal component.

19. The electronic device of claim 18, wherein the cathode
includes a first surface and a second surface opposite the first
surface, the electronic device further comprising:

an additional organic layer on the first surface of the
cathode, the additional organic layer comprising a same
material as the first component, wherein the organic
layer is on the second surface of the cathode.

20. The electronic device of claim 19, wherein the addi-
tional organic layer further includes at least one of a same
material as the electron-injecting metal or the electron-
injecting metal compound of the second component.
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