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(57) ABSTRACT

An organic light emitting diode according to an example
embodiment of the present disclosure includes an anode and
a cathode facing each other, an emission layer between the
anode and the cathode, and an auxiliary layer between the
anode and the emission layer and/or between the cathode
and the emission layer, wherein the auxiliary layer includes
a ternary compound including a halogen element.

164 270 171

/

/7N

!

! L L

\

\‘M,

R e, L

140

!
\
5

/

154a1 1535 154a2 1553

151a

110

/
140 124p 156 157 1



Patent Application Publication Dec. 22,2016 Sheet 1 of 7 US 2016/0372714 Al

FIG. 1




Patent Application Publication Dec. 22,2016 Sheet 2 of 7 US 2016/0372714 Al

FIG.2A

Anode

H
HTL oo




Patent Application Publication Dec. 22,2016 Sheet 3 of 7 US 2016/0372714 Al

FIG. 2B

Anode HIL f f




Patent Application Publication Dec. 22,2016 Sheet 4 of 7 US 2016/0372714 Al

FIG. 3A

LUMO

Cathode

HOMO

ETL




Patent Application Publication

HOMO

FIG. 3B

ETL

EIL

Dec. 22,2016 Sheet 5 of 7

Cathode

US 2016/0372714 Al



Patent Application Publication Dec. 22,2016 Sheet 6 of 7 US 2016/0372714 Al

FIG. 4
-
190—T T —127
1T —157
370~ HH. - Cst
e
e el
124b
VI 165b 154b y
L \ N
== inlil
ST LT e
175b\__//-\\ %’_ ——: _{_gr:%\_/i::f)
I T
QS\/\\ g_\\\ i
153a_¢:5%- — 1 * ~j\l(ﬂ
7 — C T <’ '\
T
121 1243 bla 175a 1656



Patent Application Publication Dec. 22,2016 Sheet 7 of 7 US 2016/0372714 Al

FIG. 5

171 163a 173a 124 1752 165 361 164 270 172 mn

\

[ v T

-
VA |

— T
T
—— ]
1

/ / )
140 153 15al 15% 1542 155 110 140 124b 154b 157 127 111
\ +- / 160
151a
FIG. 6
175b
361 185 1650 1240 173 163b 270 36l

S0 U P s
190\\+\ JAN \7‘/ / !

1711—"P ‘/

/

/ \ / AT

L\ [
|
7

(
o)
160 160 140 110 15b 54 153 111
%—.J

151b



US 2016/0372714 Al

ORGANIC LIGHT EMITTING DIODE,
MANUFACTURING METHOD THEREOF,
AND ORGANIC LIGHT EMITTING DIODE
DISPLAY INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0088643 filed in
the Korean Intellectual Property Office on Jun. 22, 2015, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1. Field

[0003] One or more embodiments of the present disclosure
relate to an organic light emitting diode, a manufacturing
method thereof, and an organic light emitting diode display
including the same.

[0004] 2. Description of the Related Art

[0005] Recently, monitors and televisions with reduced
weights and profiles have been requested, and in response to
such requests, liquid crystal displays (LCDs) are being
substituted for cathode ray tubes (CRTs). However, liquid
crystal displays are transmissive displays requiring a sepa-
rate backlight, and are limited in response speed and viewing
angle.

[0006] Organic light emitting diode devices have recently
received much attention as a self-emissive display devices
having the advantages of a wide viewing angle, high con-
trast, and a fast response time.

[0007] An organic light emitting diode device emits light
when electrons injected from one electrode and holes
injected from another electrode are recombined in an emis-
sion layer to form excitons, and the excitons release energy.
[0008] In order to improve the efficiency of an organic
light emitting diode device, it is important to improve the
efficiencies of hole and electron injection from a hole-
injection layer and an electron-injection layer, respectively.
[0009] The above information disclosed in this Back-
ground section is included only to enhance understanding of
the background of the disclosure, and may therefore contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY

[0010] One or more aspects of embodiments of the present
disclosure are directed to an organic light emitting diode and
an organic light emitting diode display having a low driving
voltage and improved light emitting efficiency by including
a hole-injection layer containing a ternary compound includ-
ing a halogen element and/or an electron-injection layer
containing a ternary compound including a halogen element.
[0011] One or more aspects of embodiments of the present
disclosure are directed to a method of manufacturing an
organic light emitting diode having a low process cost and
improved compound uniformity utilizing a process of form-
ing the ternary compound including a halogen element. The
process includes heating a source material in one crucible to
form the ternary compound and then thermally evaporating
the ternary compound.

[0012] An example embodiment of the present disclosure
provides an organic light emitting diode including: an anode
and a cathode facing each other; an emission layer between
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the anode and the cathode; and an auxiliary layer between at
least one pair of the anode and the emission layer or the
cathode and the emission layer, wherein the auxiliary layer
includes a ternary compound including a halogen element.
[0013] The ternary compound may have an elemental
composition represented by A, B, C,, wherein A represents
one element selected from the group consisting of a Group
1 element, a Group 2 element, a rare earth element, a
transition metal, a post-transition metal, B represents one
element selected from the group consisting of a Group 1
element, a Group 2 element, a rare earth element, a transition
metal, and a post-transition metal, C represents a halogen
element, and m, n, and z are each independently an integer
from 1 to 5.

[0014] The auxiliary layer may include a hole-injection
layer between the anode and the emission layer.

[0015] The auxiliary layer may include an electron-injec-
tion layer between the cathode and the emission layer.
[0016] The auxiliary layer may include a hole-injection
layer between the anode and the emission layer, and an
electron-injection layer between the cathode and the emis-
sion layer.

[0017] The ternary compound may have a perovskite
structure.
[0018] The auxiliary layer may include a material having

a dipole moment of greater than 50 debyes.

[0019] The auxiliary layer may include at least one com-
pound selected from RbYbl,, CsYbl,, KYbl;, NaYbl,,
LiYbl,, RbSml;,, CsSml,, KSml;, NaSml,, LiSml;,
RbMgl;, CsMgl;, KMgl,, NaMgl,, and LiMgl,.

[0020] An example embodiment of the present disclosure
provides a method of manufacturing an organic light emit-
ting diode, including forming an anode on a substrate;
forming an emission layer on the anode; forming an elec-
tron-injection layer on the emission layer; and forming a
cathode on the electron-injection layer, wherein the electron-
injection layer includes a ternary compound including a
halogen element, and forming the electron-injection layer
includes: mixing source materials for the ternary compound
in one crucible; producing the ternary compound including
a halogen element by heating the crucible; and evaporating
and depositing the ternary compound including a halogen
element by heating the crucible.

[0021] In the mixing of the source material for the ternary
compound in one crucible, the source material may include
a combination of a first source material and a second source
material, a combination of a first source material and another
first source material, or a combination of a first source
material, another first source material, and a second source
material. The first source material may include at least one
material selected from a Group 1 element, a Group 2
element, a rare earth element, a transition metal, a halogen
element, and/or a compound thereof; and the second source
material may include at least one material selected from a
Group 1 element, a Group 2 element, a rare earth element,
a transition metal, a post-transition metal, and/or a com-
pound thereof.

[0022] The electron-injection layer may include at least
one compound selected from RbYbl,, CsYbl;, KYbI,,
NaYbl;, LiYbl;, RbSmI;, CsSml;, KSml;, NaSml;,
LiSml,, RbMgl,, CsMgl;, KMgl,;, NaMgl,, and LiMgl,.
[0023] The evaporation temperature of the ternary com-
pound may be lower than the evaporation temperatures of
the first source material and the second source material.
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[0024] The manufacturing method may further include
forming a hole-injection layer on the anode between the
steps of forming the anode on the substrate and forming the
emission layer on the anode, wherein the hole-injection
layer may include a ternary compound including a halogen
element, and forming the hole-injection layer may include:
mixing source materials for the ternary compound in one
crucible; producing the ternary compound including a halo-
gen element by heating the crucible; and evaporating and
depositing the ternary compound including a halogen ele-
ment by heating the crucible.

[0025] An example embodiment of the present disclosure
provides an organic light emitting diode display including a
substrate; a thin film transistor disposed on the substrate; and
an organic light emitting element connected to the thin film
transistor, wherein the organic light emitting element
includes: an anode and a cathode facing each other; an
emission layer between the anode and the cathode; and an
auxiliary layer between the anode and the emission layer or
between the cathode and the emission layer, wherein the
auxiliary layer includes a ternary compound including a
halogen element.

[0026] The ternary compound may have an elemental
composition represented by A, B, C_; wherein A may repre-
sent one element selected from the group consisting of a
Group 1 element, a Group 2 element, a rare earth element,
a transition metal, and a post-transition metal; B may
represent one element selected from the group consisting of
a Group 1 element, a Group 2 element, a rare earth element,
a transition metal, and a post-transition metal; C may
represent a halogen element; and m, n, and z may each
independently be an integer from 1 to 5.

[0027] The auxiliary layer may be a hole-injection layer
between the anode and the emission layer.

[0028] The auxiliary layer may be an electron-injection
layer between the cathode and the emission layer.

[0029] The auxiliary layer may be a hole-injection layer
between the anode and the emission layer, and an electron-
injection layer between the cathode and the emission layer.

[0030] The auxiliary layer may include a material having
a dipole moment of greater than 50 debyes.

[0031] The auxiliary layer may include at least one com-
pound selected from RbYbl,, CsYbl,, KYbl;, NaYbl,,
LiYbl;, RbSml;, CsSml;, KSml,, NaSml,;, LiSml;,
RbMgl,, CsMgl;, KMgl,, NaMgl,, and LiMgl,.

[0032] As described above, an organic light emitting diode
and an organic light emitting diode display according to an
example embodiment of the present disclosure may have
lower driving voltages and improved light emission effi-
ciencies in the presence of at least one of a hole-injection
layer and/or an electron-injection layer including a ternary
compound including a halogen element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The accompanying drawings, together with the
specification, illustrate embodiments of the subject matter of
the present disclosure, and, together with the description,
serve to explain principles of embodiments of the subject
matter of the present disclosure.

[0034] FIG. 1is a cross-sectional view of an organic light
emitting diode according to an example embodiment of the
present disclosure.
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[0035] FIG. 2A and FIG. 2B illustrate the energy level
change of an organic light emitting diode when a hole-
injection layer according to an example embodiment of the
present disclosure is applied.

[0036] FIG. 3A and FIG. 3B illustrate the energy level
change of an organic light emitting diode when an electron-
injection layer according to an example embodiment of the
present disclosure is applied.

[0037] FIG. 4 is a layout view of an organic light emitting
diode display according to an example embodiment of the
present disclosure.

[0038] FIG. Sis a cross-sectional view of an organic light
emitting diode display of FIG. 4 taken along the line V-V.
[0039] FIG. 6 is a cross-sectional view of an organic light
emitting diode display of FIG. 4 taken along the line VI-VI.

DETAILED DESCRIPTION

[0040] The present disclosure will be described more fully
hereinafter with reference to the accompanying drawings, in
which example embodiments of the disclosure are shown.
As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
disclosure.

[0041] In the drawings, the thicknesses of layers, films,
panels, regions, etc., may be exaggerated for clarity. Like
reference numerals designate like elements throughout the
specification, and their duplicative descriptions will not be
provided. It will be understood that when an element such as
a layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another
element, no intervening elements are present.

[0042] An organic light emitting diode according to
example embodiments of the present disclosure will now be
described in more detail with reference to the drawings.
[0043] FIG. 11s a cross-sectional view of an organic light
emitting diode according to an example embodiment of the
present disclosure.

[0044] Referring to FIG. 1, the organic light emitting
diode according to the present example embodiment
includes an anode 10, a cathode 20 facing the anode 10, and
an emission layer 30 between the anode 10 and the cathode
20.

[0045] The anode 10 may be a transparent electrode or an
opaque electrode. In some embodiments, the transparent
electrode may be formed of a conductive oxide such as
indium tin oxide (ITO), indium zinc oxide (IZO), tin oxide
(Sn0,), zinc oxide (ZnO), and/or a combination thereof, or
of a metal thin film such as aluminum (Al), silver (Ag), or
magnesium (Mg). In some embodiments, the opaque elec-
trode, may be formed of a metal such as aluminum, silver,
or magnesium.

[0046] For example, the anode 10 of the organic light
emitting diode device according to the present example
embodiment may have a cumulative (e.g., composite) struc-
ture including a reflective layer formed of silver (Ag),
aluminum (Al), chromium (Cr), molybdenum (Mo), tung-
sten (W), titanium (Ti), gold (Au), palladium (Pd), and/or an
alloy layer thereof, and an electrical reflective layer formed
of a transparent electrode material such as ITO, 170, ZnO,
and/or the like.
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[0047] The anode 10 may be formed by a sputtering
method, a vapor phase deposition method, an ion beam
deposition method, an electron beam deposition method,
and/or a laser ablation method.

[0048] In one or more example embodiments, the anode
10 may have a triple-layered structure of silver (Ag)/indium
tin oxide (ITOYsilver (Ag).

[0049] The cathode 20 may include a material having a
low work function for readily injecting electrons. Non-
limiting examples of such material may include metals such
as magnesium, calcium (Ca), sodium (Na), potassium (K),
titanium, indium (In), yttrium (Y), lithium (Li), gadolinium
(Ga), aluminum, silver, tin, lead (Pb), cesium (Cs), barium
(Ba), and alloys thereof, as well as multi-layered materials
such as LiF/Al, LiO,/Al, LiF/Ca, LiF/Al, and BaF,/Ca.
Further, the cathode 20 may be a metal electrode such as
aluminum and/or the like.

[0050] For example, the cathode 20 according to the
present example embodiment may be made of a conductive
material including magnesium, calcium, tin, lead, titanium,
yttrium, lithium, ruthenium (Ru), manganese (Mn), alumi-
num, lithium fluoride, or an alloy thereof, or an alloy
including magnesium/silver, magnesium/indium, lithium/
aluminum, and/or the like, but is not limited thereto. The
alloy ratio of the metals may be controlled by proper or
suitable selection of the temperature, atmosphere, and
vacuum pressure of a deposition source.

[0051] The anode 10 and the cathode 20 may be formed to
have two or more layers.

[0052] The emission layer 30 may include blue, red, or
green light emitting materials, and may further include a
host and a dopant. The materials included in the emission
layer 30 are not limited. For example, the emission layer 30
may include blue emitting materials such as oxadiazole
dimer dyes (e.g., bis-DAPDXP), Spiro compounds (e.g.,
spiro-DPVBi, spiro-6P), triarylamine compounds, bis
(styryl)amine compounds (e.g., DPVBI, DSA), 4,4'-bis(9-
ethyl-3-carbazovinylene)-1,1'-biphenyl (BCzVBi),
perylene, 2,5,8,11-tetra-tert-butyl perylene (TPBe), 9H-car-
bazol-3,3'-(1,4-phenylene-di-2,1-ethene-diyl)bis[9-ethyl-
9C] (BCzVB), 4,4-bis[4-(di-p-tolylamino)styryl|biphenyl
(DPAVBI), 4-(di-p-tolylamino)-4'-[(d i-p-tolylamino)styryl]
stilbene (DPAVB), 4,4'-bis[4-(diphenylamino)styryl]biphe-
nyl (BDAVBI), bis(3,5-difluoro-2-(2-pyridyl)phenyl-(2-car-
boxypyridyl)iridium(Ill) (FIrPic), and/or the like; green
emitting materials such as 3-(2-benzothiazolyl)-7-(diethyl-
amino)coumarin (Coumarin 6), 2,3,6,7-tetrahydro-1,1,7,7,-
tetramethyl-1H,5H,11H-10-(2-benzothiazolyl)quinolizino-
[9,9a,1gh]coumarin (C545T), N,N'-dimethyl-quinacridone
(DMQA), tris(2-phenylpyridine)iridium(IIT) (Ir(ppy);), and/
or the like; and red emitting materials such as tetraphenyl-
naphthacene (Rubrene), tris(1-phenylisoquinoline)iridium
D)  (Ir(pig);), bis(2-benzo[b|thiophen-2-yl-pyridine),
(acetylacetonate)iridium(III) (Ir(btp),(acac)), tris(dibenzo-
ylmethane)phenanthroline europium(IIT) (Eu(dbm);(phen)),
a tris[4,4'-di-tert-butyl-(2,2")-bipyridine |ruthenium(IIT)
complex (Ru(dtb-bpy);*2 PF,), DCM1, DCM2, Eu(the-
noyltrifluoroacetone), (Eu(TTA),, butyl-6-(1,1,7,7-tetram-
ethyljulolidyl-9-enyl)-4H-pyran: (DCJTB), and/or the like.
Furthermore, a light emitting polymer material may be
included. For example a polymer such as phenylene, polyp-
phenylene vinylene), thiophene, fluorene, spiro-fluorene,
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and/or the like, or an aromatic compound including nitrogen
and/or the like may be included, but embodiments are not
limited thereto.

[0053] The emission layer 30 may be manufactured by
additionally doping a light emitting dopant into an emission
layer host. Non-limiting examples of fluorescent light emit-
ting host materials may include tris(8-hydroxy-quinolinato)
aluminum (Alg3), 9,10-di(naphth-2-yl)anthracene (AND),
3-tert-butyl-9,10-di(naphth-2-yl)anthracene (TBADN), 4,4'-
bis(2,2-diphenyl-ethene-1-y1)-4,4'-dimethylphenyl
(DPVBIi),  4,4'-bis(2,2-diphenyl-ethene-1-y1)-4,4'-methyl-
phenyl (p-DMDPVBI), ter(9,9-diarylfluorene)s (TDAFs),
2-(9,9'-spirobifluorene-2-y1)-9,9"-spirobifluorene  (BSDF),
2,7-bis(9,9'-spirobifluorene-2-y1)-9,9"-spirobifluorene
(TSDF), bis(9,9-diarylfluorene)s (BDAFs), 4.4'-bis(2,2-di-
phenyl-ethene-1-y1)-4,4'-di-(tert-butyl)phenyl (p-TDPVBI),
and/or the like, and non-limiting examples of phosphores-
cent host materials may include 1,3-bis(carbazole-9-yl)ben-
zene (mCP), 1,3,5-tris(carbazole-9-yl)benzene (tCP), 4,4',
4"-tris(carbazole-9-yDtriphenylamine ~ (TcTa),  4,4'-bis
(carbazole-9-yl)biphenyl (CBP), 4,4'-bis(9-carbazolyl)-2,2'-
dimethyl-biphenyl (CBDP), 4.,4'-bis(carbazole-9-y1)-9,9-
dimethyl-fluorene (DMFL-CBP), 4,4'-bis(carbazole-9-y1)-9,
9-bis(9-phenyl-9H-carbazole)fluorene (FL-4CBP), 4,4'-bis
(carbazole-9-y1)-9,9-di-tolyl-fluorene (DPFL-CBP), 9,9-bis
(9-phenyl-9H-carbazole)fluorene (FL-2CBP), and/or the
like.

[0054] According to one or more embodiments of the
present disclosure, the organic light emitting diode includes
an auxiliary layer between at least one selected from a pair
of the anode and the emission layer, or a pair of the cathode
and the emission layer. For example, the auxiliary layer may
include an auxiliary layer (e.g., a hole injection layer)
between the anode and the emission layer, and/or an auxil-
iary layer (e.g., an electron injection layer) between the
cathode and the emission layer.

[0055] The content of the light emitting dopant may vary
according to the material forming the emission layer, but
generally, the content of the light emitting dopant may be in
a range of about 3 to about 10 parts by weight based on 100
parts by weight of the material forming the emission layer
(total weight of the host and the dopant).

[0056] A hole-injection layer 40 and a hole-transport layer
60 may be between the anode 10 and the emission layer 30.
The hole-injection layer 40 may be on the anode 10, and the
hole-transport layer 60 may be between the hole-injection
layer 40 and the emission layer 30.

[0057] The hole-transport layer 60 may include a carba-
zole derivative such as N-phenylcarbazole, polyvinylcarba-
zole, and/or the like, or an amine derivative having an
aromatic fused ring such as N,N'-bis (3-methylphenyl)-N,
N'-diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD), N,N'-di
(naphthalen-1-y1)-N,N'-diphenylbenzidine (a-NPD), and/or
the like.

[0058] In one or more example embodiments, the hole-
injection layer 40 may include a ternary compound includ-
ing a halogen element.

[0059] The hole-injection layer 40 may be formed of a
ternary compound represented by A, B, C_. Herein, A may
represent one element selected from a Group 1 element and
a Group 2 element of the periodic table, a rare earth element,
a transition metal, and a post-transition metal, and B may

represent one element selected from a Group 1 element, a
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Group 2 element, a rare earth element, a transition metal,
and a post-transition metal. C may represent a halogen
element.

[0060] In one or more example embodiments, A B C_
may represent a combination of a Group 1 element for A, a
lanthanide element for B, and a halogen element for C.
[0061] m, n, and z may each independently be an integer
from 1 to 5. m, n, and z may each be appropriately selected
according to the selection of each A, B, and C element.
[0062] In the present example embodiment, the hole-
injection layer 40 may include at least one compound
selected from RbYbI;, CsYbl;, KYbl;, NaYbl,, LiYbl;,
RbSml;, CsSml,, KSml;, NaSml;, LiSml;, RbMgl;,
CsMgl,;, KMgl,, NaMgl,, and LiMgl,.

[0063] According to one or more example embodiments,
the hole-injection layer 40 may be formed to have a ternary
compound including a halogen element, and may be formed
to have a ferroelectric material. In this case, the material
applied to the hole-injection layer 40 may have a dipole
moment of greater than 50 debyes.

[0064] According to one or more example embodiments,
in the compound represented by A, B, C, in the hole-injec-
tion layer 40, m, n, and z may respectively be 1, 1, and 3. The
compound represented by ABC, (m=1, n=1, and z=3) may
have a perovskite structure. A compound having a pet-
ovskite structure may be ferroelectric, and may be suitable
for utilization in the hole-injection layer due to its high
dipole moment.

[0065] When a ferroelectric material including a halogen
element, e.g.. a material having a dipole moment of greater
than 50 debyes, is used in a hole-injection layer, the HOMO
of the adjacent hole-transport layer is raised, such that holes
are readily injected into the emission layer.

[0066] FIG. 2A and FIG. 2B illustrate the changes in
energy levels of the organic light emitting diode when a
hole-injection layer is applied according to an example
embodiment of the present disclosure.

[0067] FIG. 2A illustrates the energy level of an organic
light emitting diode before a hole-injection layer is applied
according to the present example embodiment. Referring to
FIG. 2A, there is an energy barrier between the anode and
the hole-transport layer.

[0068] FIG. 2B illustrates the energy level of an organic
light emitting diode after a hole-injection layer is applied
according to the present example embodiment. As illustrated
in FIG. 2B, the hole-injection layer increases the HOMO
energy level of the hole-transport layer due to the presence
of the material with a high dipole moment, thereby facili-
tating hole transportation.

[0069] As described above, when the hole-injection layer
includes a ferroelectric ternary compound including a halo-
gen element, the energy barrier between the HOMO of the
hole-transport layer and the anode may be decreased or
reduced.

[0070] The hole-injection layer may be manufactured by
firstly heating a crucible containing two source materials for
the ternary compound including a halogen element, and
secondly heating the crucible such that the ternary com-
pound is evaporatively deposited on an organic light emit-
ting diode. This manufacturing method will be described
later.

[0071] An electron-transport layer 70 may be between the
cathode 20 and the emission layer 30. An electron-injection
layer 50 may be positioned on the cathode 20, and the
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electron-transport layer 70 may be between the electron-
injection layer 50 and the emission layer 30.

[0072] The electron-transport layer 70 may include at least
one compound selected from the group consisting of a
quinoline derivative, such as tris(8-hydroxyquinolinato)alu-
minum (Alg3), 3-(4-biphenyl)-4-phenyl-5-(4-tert-butylphe-
nyl)-1,2,4-triazole (TAZ), (2-methyl-8-quninolinato)-4-phe-
nylphenolate (BAlq), bis(10-hydroxybenzo[h]quinolinato)
beryllium (Bebg2), and/or 4,7-diphenyl-1,10-
phenanthroline (BPhen). In some embodiments, the
electron-transport layer 70 may include a compound
selected from the group and may also be doped with LiQ. In
this case, the doping concentration may be about 50 wt %.
[0073] In one or more example embodiments, the elec-
tron-injection layer 50 may include a ternary compound
including a halogen element.

[0074] The electron-injection layer 50 may be formed of a
ternary compound represented by A B, C.. Herein, A may
represent one element selected from a Group 1 element, a
Group 2 element, a rare earth element, a transition metal,
and a post-transition metal, and B may represent one ele-
ment selected from a Group 1 element, a Group 2 element,
a rare earth element, a transition metal, and a post-transition
metal. C may represent a halogen element.

[0075] In one or more example embodiments, A, B,C,
may represent a combination of a Group 1 element for A, a
lanthanide element for B, and a halogen element for C.
[0076] m, n, and z may each independently be an integer
from 1 to 5. m, n, and z may each be appropriately or
suitably selected according to the selection of each A, B, and
C element.

[0077] In one or more example embodiments, the elec-
tron-injection layer 50 may include at least one selected
from RbYbI,, CsYbl;, KYbl;, NaYbl;, LiYbl;, RbSml;,
CsSml;, KSml;, NaSml,, LiSml;, RbMgl;, CsMgl;,
KMgl;, NaMgl,, and LiMgl,.

[0078] For example, according to the present example
embodiment, the electron-injection layer 50 may be formed
to have a ternary compound including a halogen element,
and may be formed to have a ferroelectric material. In this
case, the material applied to the electron-injection layer 50
may have a dipole moment of greater than 50 debyes.
[0079] In the present example embodiment, in the com-
pound represented by A, B, C_in the electron-injection layer
50, m, n, and z may respectively be 1, 1, and 3. The
compound represented by ABC; (m=1, n=1, and z=3) may
have a perovskite structure. A compound having a per-
ovskite structure may have ferroelectric properties, and may
be suitable for utilization in the electron-injection layer of
the present example embodiment, due to its high dipole
moment.

[0080] When a ferroelectric material including a halogen
element, e.g., a material having a dipole moment of greater
than 50 debyes, is used in the electron-injection layer, the
material in the electron-injection layer may lower the
LUMO of the adjacent electron-transport layer such that
electrons are readily injected into the emission layer.

[0081] FIG. 3A and FIG. 3B illustrate the changes in
energy levels of the organic light emitting diode when an
electron-injection layer is applied according to an example
embodiment of the present disclosure. FIG. 3A illustrates the
energy levels of an organic light emitting diode before an
electron-injection layer is applied according to the present



US 2016/0372714 Al

example embodiment. Referring to FIG. 3A, there is an
energy barrier between the cathode and the LUMO of the
electron-transport layer.

[0082] FIG. 3B illustrates the energy levels of the organic
light emitting diode after an electron-injection layer is
applied. As illustrated in FIG. 3B, the electron-injection
layer lowers the LUMO level of the electron-transport layer
due to the presence of the material having a high dipole
moment, thereby facilitating electron transport.

[0083] In one or more embodiments, an electron-injection
layer is formed of a ferroelectric material having a dipole
moment of about 50 debyes. Therefore, the energy barrier
between the LUMO level of the electron-transport layer and
the cathode may be lowered.

[0084] A material used for the electron-injection layer,
e.g., LiF, may have a dipole moment of about 6 debyes. A
material such as a unary metal (Yb) or binary compound
(LiF) with a dipole moment of that magnitude may contrib-
ute to lowering the LUMO energy level of the electron-
transport layer, but not as much as in the present example
embodiment. This is because the higher the dipole moment
in a ferroelectric material, the larger the change in energy
level of the adjacent electron-transport layer.

[0085] As described above, according to one or more
example embodiments of the present disclosure, an organic
light emitting diode may include a hole-injection layer or an
electron-injection layer formed of a ternary compound
including a halogen element. That is, a ferroelectric ternary
compound including a halogen element may be used for the
hole-injection layer or the electron-injection layer, and the
efficiencies of hole and/or electron injection may be
improved in comparison to an organic light emitting diode
that does not include the ternary compound including a
halogen element, so that the display device efficiency is
improved.

[0086] Hereinabove, a configuration including both a
hole-injection layer and an electron-injection layer, wherein
the hole-injection layer and the electron-injection layer each
include a ternary compound including a halogen element,
will be described. However, other example embodiments of
an organic light emitting diode may include one of an
electron-injection layer and a hole-injection layer. Further-
more, other embodiments may include an electron-injection
layer having a ternary compound including a halogen ele-
ment and a hole-injection layer without a ternary compound
including a halogen element. Likewise, some embodiments
may include a hole-injection layer having a ternary com-
pound including a halogen element and an electron-injection
layer without a ternary compound including a halogen
element. An electron-injection layer or a hole-injection layer
may be referred to as an auxiliary layer, and configurations
having the auxiliary layer positioned on one side of an
emission layer and/or the opposite side of an emission layer
both fall within the range of the present disclosure.

[0087] Table 1 lists measured driving voltage and effi-
ciency characteristic values of an example organic light
emitting diode having an electron-injection layer formed of
RbYbI,, as well as a comparative example having an elec-
tron-injection layer formed of a metal (Yb).
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TABLE 1
Comparative Example 1 Example 1
(Yb) (RbYblI3)
red  driving voltage 5.5 4.5
R_x 0.670 0.668
R_y 0.329 0.331
R__efficiency 50.4 61.3
green driving voltage 4.2 3.7
G_x 0.226 0.223
G_y 0.709 0.726
G__efficiency 82.8 105.3
blue driving voltage 4.2 3.8
B_x 0.145 0.143
B_y 0.042 0.045
B__efficiency 5.3 7.0
efficiency/B_y 127 155.0
white W__efficiency 41.1 50.4

[0088] As shown in Table 1, the organic light emitting
diode according to Example 1 has a higher efliciency, even
when operated at a lower driving voltage, than the organic
light emitting diode according to Comparative Example 1.
[0089] For example, even though the driving voltage is
reduced in Example 1, the red, green, and blue efliciencies
are improved by more than about 20%.

[0090] Therefore, high organic light emitting diode effi-
ciencies can be obtained at a reduced driving voltage.
[0091] Hereinafter, a method of manufacturing an organic
light emitting diode according to an example embodiment of
the present disclosure will be described with reference to
FIG. 1.

[0092] First, an anode 10 is deposited on a substrate. The
substrate may be any suitable substrate used in an organic
light emitting diode. For example, a transparent plastic
substrate or an organic substrate having excellent mechani-
cal strength, thermal stability, transparency, surface smooth-
ness, tractability, and/or waterproofness may be employed.
[0093] The anode 10, as described above, may be formed
of a conductive oxide including indium tin oxide (ITO),
indium zinc oxide (IZO), tin oxide (SnO,), zinc oxide
(Zn0), and/or a combination thereof, or of a metal thin film
including aluminum (Al), silver (Ag), and/or magnesium
(Mg). The anode 10 may be formed by a deposition method
or a sputtering method.

[0094] Next, a hole-injection layer 40 is formed on the
anode 10.
[0095] In this case, the hole-injection layer 40, as

described above, may be formed to have a ternary compound
including a halogen element.

[0096] For example, the hole-injection layer 40 may be
formed of a ternary compound represented by A B,C..
Herein, A may represent one element selected from a Group
1 element, a Group 2 element, a rare earth element, a
transition metal, and a post-transition metal, and B may
represent one element selected from a Group 1 element, a
Group 2 element, a rare earth element, a transition metal,
and a post-transition metal. C may represent a halogen
element.

[0097] Such a hole-injection layer may be formed by
producing a ternary compound in one crucible, and then
thermally evaporating the ternary compound in the crucible.
[0098] In other words, the ternary compound may be
formed by mixing two source materials including elements
of the ternary compound in a crucible, and then heating the
crucible to form the ternary compound by thermal reaction.
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[0099] For example, the hole-injection layer may be
manufactured by mixing a first source material M and a
second source material N in a crucible, heating to produce
a ternary compound including a halogen element, and then
heating the ternary compound for thermal evaporation and
deposition.

[0100] The first source material M may be selected from
a Group 1 element, a Group 2 element, a rare earth element,
a transition metal, a halogen element, and/or a compound
thereof.

[0101] The second source material N may be selected
from a Group 1 element, a Group 2 element, a rare earth
element, a transition metal, a post-transition metal, and/or a
compound thereof.

[0102] Combinations of M+M, M+N, or M+M+N may be
included in the crucible.

[0103] For example, the source materials for producing
the ternary compound including a halogen element may be
included in one crucible in an appropriate or suitable com-
bination, without being limited thereto.

[0104] One crucible is required for this process, which is
simpler than a manufacturing method requiring multiple
crucibles. Furthermore, since the ternary compound is pro-
duced, evaporated, and deposited on the substrate in a single
crucible, instead of being formed by evaporating raw mate-
rials in separate crucibles to react and deposit them on a
substrate, the uniformity of the deposited compound may be
improved or increased.

[0105] In order to form the hole-injection layer 40 having
a ternary compound including a halogen element by this
method, the evaporation temperature of the ternary com-
pound including the halogen element should be lower (e.g.,
substantially lower) than the evaporation temperatures of the
first material and the second material.

[0106] In one example embodiment, Rbl and Yb are
mixed in one crucible, RbYbI, is produced by heating, and
then RbYbI; evaporates when the crucible is heated for
deposition, because the evaporation temperature of RbYbI,
is lower than those of the source materials.

[0107] The evaporation temperature of Rbl is 646.8° C.,
and the evaporation temperature of Yb is 824° C. However,
the evaporation temperature of the manufactured RbYbl, is
568° C., which is lower than the evaporation temperatures of
the individual compounds, so the RbYbl; evaporates first.
Therefore, a uniform (e.g., substantially uniform) RbYbl,
hole-injection layer may be deposited on the substrate.
[0108] Next, a hole-transport layer 60 is formed on the
hole-injection layer 40.

[0109] The hole-transport layer 60 may be made of any
suitable hole-transport material, as described above.

[0110] A hole-transport layer may be formed by any
suitable method generally available in the art, such as a
vacuum deposition method, a spin coating method, a casting
method, a Langmuir-Blodgett (LB) method, and/or the like.
When the hole-transport layer is formed by a vacuum
deposition method and/or a spin coating method, the hole-
transport layer may be formed using appropriate or suitable
conditions; such as, for example, a deposition temperature in
a range of about 50 to about 500° C., a vacuum pressure in
a range of about 107® to about 10~ torr, a deposition speed
in a range of about 0.01 to about 100 Ass, and a layer
thickness in a range of about 10 A to about 5 pm, although
the deposition and coating conditions may vary according to
the compound.
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[0111] Next, the emission layer 30 is formed on the
hole-transport layer 60. The emission layer 30 may be
formed of any suitable emission layer material, as described
above.

[0112] The emission layer may be formed by a vacuum
deposition method, a spin coating method, a casting method,
an LB method, and/or the like.

[0113] The thickness of the emission layer may be in a
range of about 10 nm to about 500 nm, or of about 50 nm
to about 120 nm. In some embodiments, the blue emission
layer may have a thickness of about 70 nm. In the case of the
emission layer having a thickness less than 10 nm, the
leakage current would be increased, so efliciency would
decrease and the lifespan would be shortened, and in the
case of the emission layer having a thickness exceeding 500
nm, a driving voltage increment would be undesirably or
unsuitably increased.

[0114] Next, the electron-transport layer 70 is formed on
the emission layer 30. The material of the electron-transport
layer 70 may include any suitable material for an electron-
transport layer, as described above.

[0115] The electron-transport layer 70 may be formed by
any suitable method such as a vacuum deposition method, a
spin coating method, a casting method, and/or the like. In the
case of a vacuum deposition method and a spin coating
method, the formation conditions may vary according to the
compound that is employed.

[0116] The electron-transport layer 70 may have a thick-
ness in a range of about 100 A to about 1000 A, and in some
embodiments of about 100 A to about 500 A. When the
thickness of the electron-transport layer 70 is within the
aforementioned range, excellent electron transport charac-
teristics may be obtained without a substantial increase in
driving voltage.

[0117] Next, the electron-injection layer 50 is formed on
the electron-transport layer 70. In this case, the electron-
injection layer 50 may be formed of a ternary compound
including a halogen element as described above.

[0118] For example, the electron-injection layer 50 may be
formed of a ternary compound represented by A, B,C..
Herein, A may represent one element selected from a Group
1 element, a Group 2 element, a rare earth element, a
transition metal, and a post-transition metal, and B may
represent one element selected from a Group 1 element, a
Group 2 element, a rare earth element, a transition metal,
and a post-transition metal. C may represent a halogen
element.

[0119] The method used to form this electron-injection
layer may be the same as the above-described method used
to form the hole-injection layer. For example, an electron-
injection layer may be formed by mixing the first source
material (a Group 1 element, a Group 2 element, a rare earth
element, a transition metal, a halogen element, or a com-
pound thereof) and the second source material (a Group 1
element, a Group 2 element, a rare earth element, a transition
metal, a post-transition metal, or a compound thereof) in one
crucible, heating the crucible to produce a ternary compound
including a halogen element, and then thermally evaporating
the materials in the crucible. Detailed descriptions of the
same elements will not be provided.

[0120] Next, a cathode is formed on the electron-injection
layer 50 by a vacuum deposition method, a sputtering
method, or the like using a cathode forming metal. Herein,
as described above, the cathode forming metal may be
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selected from a metal having a low work function, an alloy,
an electrically conductive compound, and a mixture thereof.
Non-limiting examples of the cathode forming metal may
include lithium (Li), magnesium (Mg), aluminum (Al),
aluminum-lithium (Al—TLi), calcium (Ca), magnesium-in-
dium (Mg—In), magnesium-silver (Mg—Ag), and/or the
like. Further, for obtaining a surface light emitting device,
the cathode may be formed of a transparent material such as
ITO or 170.

[0121] Hereinafter, an organic light emitting diode display
having an organic light emitting diode according to an
example embodiment of the present disclosure will be
described in detail with reference to FIG. 4 to FIG. 6.
[0122] FIG. 4 is a layout view of an organic light emitting
diode display according to an example embodiment of the
present disclosure. FIG. 5 is a cross-sectional view of the
organic light emitting diode display of FIG. 4 taken along
the line V-V. FIG. 6 is a cross-sectional view of the organic
light emitting diode display of FIG. 4 taken along the line
VI-VL

[0123] A blocking layer 111 made of a silicon oxide or a
silicon nitride is formed on a substrate 110 made of a
transparent glass and/or the like. The blocking layer 111 may
have a dual-layer structure.

[0124] A plurality of pairs of first and second semicon-
ductor islands 151a and 1515 made of polysilicon and/or the
like are formed on the blocking layer 111. Fach of the
semiconductor islands 151a and 1515 includes a plurality of
extrinsic regions containing an n-type or p-type conductive
impurity, and at least one intrinsic region hardly containing
any conductive impurities.

[0125] In the first semiconductor 151a, the extrinsic
region includes first source/drain regions 1534 and 1554 and
an intermediate region 1535, and the first source/drain
regions 153a and 1554 and the intermediate region 1535 are
doped with an n-type impurity and are separated from one
another. The intrinsic region includes a pair of first channel
regions 154al and 15442 disposed between the extrinsic
regions 153a, 1535, and 155a.

[0126] In the second semiconductor 1515, the extrinsic
region includes second source/drain regions 1535 and 1556
that are doped with a p-type impurity and are separated from
each other. The intrinsic region includes a second channel
region 1545 interposed between the second source/drain
regions 1535 and 1555, and a storage region 157 extending
upward from the second source/drain regions 1536 and
1555,

[0127] The extrinsic region may further include a lightly
doped region interposed between the channel regions 154al,
15442, and 1545 and the source/drain regions 1534, 1554,
153b, and 1556. Such a lightly doped region may be
substituted with an offset region containing substantially few
impurities.

[0128] In some embodiments, the extrinsic regions 1534
and 155q of the first semiconductor 151a may be doped with
a p-type impurity, and the extrinsic regions 1534 and 1555
of the second semiconductor 1515 may be doped with an
n-type impurity. A p-type conductive impurity may include
boron (B), gallium (Ga), and/or the like, and an n-type
conductive impurity may include phosphorous (P), arsenic
(As), and/or the like.

[0129] A gate insulating layer 140 made of a silicon oxide
or a silicon nitride is formed on the semiconductors 151a
and 1515 and the blocking layer 111.
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[0130] A plurality of gate lines 121 including a first
control electrode 124a and a plurality of gate conductors
including a plurality of second control electrodes 1245 are
formed on the insulating layer 140.

[0131] Each gate line 121 transmits a gate signal and
extends in a substantially horizontal direction. The first
control electrode 124a extends upward from the gate line
121 and intersects the first semiconductor 151a to overlap
the first channel regions 1544l and 15442. Each gate line
121 may include an end portion having a large area for
contacting another layer or an external driving circuit. In the
case that a gate driving circuit for generating the gate signal
is integrated on the substrate 110, the gate line 121 may
extend to make a direct connection to the gate driving
circuit.

[0132] The second control electrode 1245 is separated
from the gate line 121 and overlaps the second channel
region 1545 of the second semiconductor 1515. The second
control electrode 1245 extends to form a storage electrode
127, and the storage electrode 127 overlaps the storage
region 157 of the second semiconductor 1514.

[0133] The gate conductors 121 and 1245 may be made of
an aluminum-based metal such as aluminum (Al) or an
aluminum alloy, a silver-based metal such as silver (Ag) or
a silver alloy, a copper-based metal such as copper (Cu) or
a copper alloy, a molybdenum-based metal such as molyb-
denum (Mo) or a molybdenum alloy, chromium (Cr), tan-
talum (Ta), titanium (Ti), and/or the like. However the gate
conductors 121 and 1245 may have a multilayer structure
including two conductive layers having different physical
properties. One of the two conductive layers may be made
of a low resistivity metal, e.g., an aluminum-based metal, a
silver-based metal, a copper-based metal, and/or the like, for
reducing the signal delay or voltage drop. The other con-
ductive layer may be made of another material, for example,
amaterial having excellent physical, chemical, and electrical
contact characteristics with indium tin oxide (ITO) and
indium zinc oxide (IZO), such as molybdenum, chromium,
titanium, tantalum, alloys thereof, and the like. For example,
a combination of the conductive layers may include a
chromium lower layer and an aluminum alloy upper layer,
and an aluminum alloy lower layer and a molybdenum alloy
upper layer. However, the gate conductors 121 and 1244
may be made of various other metals or conductors.

[0134] Lateral sides of the gate conductors 121 and 1245
are inclined to a surface of the substrate 110, and the

inclination angle thereof may be in a range of about 30° to
about 80°.

[0135] An interlayer insulating film 160 is formed on the
gate conductors 121 and 1245. The interlayer insulating film
160 is made of an inorganic insulator such as a silicon nitride
and a silicon oxide, an organic insulator, or a low dielectric
constant insulator. The dielectric constant of the low dielec-
tric constant insulator may be equal to or less than about 4.0,
and examples of the low dielectric constant insulator may
include a-Si:C:O and a-Si:O:F formed by plasma enhanced
chemical vapor deposition (PECVD). The interlayer insu-
lating film 160 may be made of an organic insulator having
photosensitivity, and the surface of the interlayer insulating
film 160 may be flat.

[0136] The interlayer insulating film 160 has a plurality of
contact holes 164 exposing the second control electrode
124b. Further, the interlayer insulating film 160 and the gate
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insulating layer 140 have a plurality of contact holes 163a,
1635, 165a, and 1655 exposing the source/drain regions
153a, 1535, 1554, and 155b.

[0137] A plurality of data conductors including a data line
171, a driving voltage line 172, and first and second output
electrodes 175a and 1755 are formed on the interlayer
insulating film 160.

[0138] Each data line 171 transfers a data signal and
extends in a substantially vertical direction to cross the gate
line 121. Each data line 171 includes a plurality of first input
electrodes 173a connected to the first source/drain region
1534 through the contact hole 1634, and may include an end
portion having a large area for contacting another layer or an
external driving circuit. In the case that a data driving circuit
generating a data signal is integrated on the substrate 110,
the data line 171 may extend to make a direct connection to
the data driving circuit.

[0139] Each driving voltage line 172 transmits a driving
voltage, and extends in a substantially vertical direction
crossing the gate line 121. Each driving voltage line 172
includes a plurality of second input electrodes 1735 con-
nected (e.g., coupled) to the second source/drain region
1535 through the contact hole 1634. The driving voltage line
172 overlaps the storage electrode 127, and they may be
connected to each other.

[0140] The first output electrode 175a is separated from
the data line 171 and the driving voltage line 172. The first
output electrode 175a is connected to the first source/drain
region 155a through the contact hole 1654 and to the second
control electrode 12454 through the contact hole 164.

[0141] The second output electrode 1755 is separated from
the data line 171, the driving voltage line 172, and the first
output electrode 1754, and the second output electrode 1755
is connected to the second source/drain region 1555 through
the contact hole 1655.

[0142] The data conductors 171,172, 1754, and 17556 may
be made of a refractory metal such as molybdenum, chro-
mium, tantalum, titanium, and/or the like, or an alloy
thereof, and may have a multilayer structure including a
conductive layer made of a refractory metal and a conduc-
tive layer made of a low resistance material. An example of
the multilayered structure may include a double layer
including a chromium or molybdenum (alloy) lower layer
and an aluminum (alloy) upper layer, and a triple layer
including a molybdenum (alloy) lower layer, an aluminum
(alloy) intermediate layer, and a molybdenum (alloy) upper
layer. However, the data conductors 171, 172, 175a, and
1756 may be made of various other metals and conductors.

[0143] Like the gate conductors 121 and 1215, the lateral
sides of the data conductors 171, 172, 175q, and 1755 are
inclined to the surface of the substrate at an angle of about
30° to about 80°.

[0144] A passivation layer 180 is formed on the data
conductors 171, 172, 175a, and 175b. The passivation layer
180 may be made of an inorganic material, an organic
material, or a low dielectric constant insulating material.

[0145] The passivation layer 180 has a plurality of contact
holes 185 exposing the second output electrode 175b. Fur-
ther, the passivation layer 180 may have a plurality of
contact holes exposing an end portion of the data line 171,
and the passivation layer 180 and the interlayer insulating
film 160 may have a plurality of contact holes exposing an
end portion of the gate line 121.

Dec. 22,2016

[0146] A plurality of pixel electrodes 190 are formed on
the passivation layer 180. The pixel electrode 190 is physi-
cally and electrically connected to the second output elec-
trode 1755 through the contact hole 185, and the pixel
electrode 190 may be made of a transparent conductive
material such as ITO and 170, and/or a reflective metal such
as aluminum, silver, and alloys thereof.

[0147] A plurality of contact assistants or a connecting
member may be formed on the passivation layer 180 and
may be connected to an exposed end portion of the gate line
121 and the data line 171.

[0148] A partition 361 is formed on the passivation layer
180. The partition 361 surrounds an edge of the pixel
electrode 190 like a bank for defining an opening, and the
partition 361 may be made of an organic insulator or an
inorganic insulator. The partition 361 may be made of a
photoresist including a black pigment. In this case, the
partition 361 may serve as a light blocking member, and the
formation process of the partition 361 may be streamlined.
[0149] A light emitting diode layer 370 is formed on the
pixel electrode 190, and a common electrode 270 is formed
on the light emitting diode layer 370. As such, an organic
light emitting diode including the pixel electrode 190, the
light-emitting diode layer 370, and the common electrode
270 is formed.

[0150] Descriptions of the organic light emitting diode are
the same as those provided above. That is, the organic light
emitting diode may have a structure of anode/hole-injection
layer/hole-transport layer/emission layer/electron-transport
layer/electron-injection layer/cathode.

[0151] In this case, the pixel electrode 190 serves as an
anode that is a hole injection electrode, and the common
electrode 270 serves as a cathode that is an electron injection
electrode. However, embodiments of the present disclosure
are not limited thereto, and depending on the driving method
of the organic light emitting diode display, the pixel elec-
trode 190 may serve as a cathode and the common electrode
270 may serve as an anode. In this embodiment, a hole and
an electron, respectively. are injected from the pixel elec-
trode 190 and the common electrode 270 into the light
emitting diode layer 370, and an exciton obtained by recom-
bination of the injected hole and the injected electron emits
light when the exciton changes from an excited state to the
ground state.

[0152] The common electrode 270 is formed on the light-
emitting diode layer 370. The common electrode 270 is
supplied with a common voltage and may be made of a
reflective metal including calcium (Ca), barium (Ba), mag-
nesium (Mg), or aluminum (Al), and/or a transparent con-
ductive material such as ITO or I1Z0.

[0153] In the organic light emitting diode display accord-
ing to the present example embodiment, descriptions of the
hole-injection layer/hole-transport layer/emission layer/
electron-transport layer/electron-injection layer forming an
organic light emitting diode are the same as those provided
above.

[0154] For example, the hole-injection layer or the elec-
tron-injection layer may be formed to have a temary com-
pound including a halogen element. In this case, the material
applied to the electron-injection layer or the hole-injection
layer may include a ferroelectric material having a dipole
moment of greater than 50 debyes.

[0155] The hole-injection layer or the electron-injection
layer may be formed of a ternary compound represented by



US 2016/0372714 Al

A B,C..Herein, A may represent one element selected from
a Group 1 element, a Group 2 element, a rare earth element,
a transition metal, or a post-transition metal, and B may
represent one element selected from a Group 1 element, a
Group 2 element, a rare earth element, a transition metal, or
a post-transition metal. C may represent a halogen element.
[0156] In the present example embodiment, A, B,C, may
represent a combination of a Group 1 element for A, a
lanthanide element for B, and a halogen element for C.
[0157] m, n, and z may each independently be an integer
from 1 to 5. m, n, and z may each be appropriately or
suitably selected according to the selection of each A, B, and
C element.

[0158] The ternary compound including a halogen ele-
ment may be at least one selected from the group consisting
of RbYbl,, CsYbl;, KYbl;, NaYbl,, LiYbl;, RbSml,,
CsSml;, KSml;, NaSml,, LiSml;, RbMgl;, CsMgl;,
KMgl,, NaMgl,, and LiMgl,.

[0159] In the above-described organic light emitting diode
display, the first semiconductor 151a, the first control elec-
trode 124a connected to the gate line 121. the first input
electrode 173a connected to the data line 171, and the first
output electrode 175a together form a switching thin film
transistor (TFT) Qs, and a channel of the switching TFT Qs
1s formed in the channel regions 154a1 and 15442 of the first
semiconductor 151a. The second semiconductor 15154, the
second control electrode 1245 connected to the first output
electrode 1754, the second input electrode 1735 connected
to the driving voltage line 172, and the second output
electrode 1755 connected to the pixel electrode 190 together
form a driving TFT Qd, and a channel of the driving TFT Qd
is formed in the channel region 1545 of the second semi-
conductor 1515. The pixel electrode 190, the light-emitting
diode layer 370, and the common electrode 270 form an
organic light emitting diode, wherein the pixel electrode 190
may serve as an anode and the common electrode 270 may
serve as a cathode, or alternatively, the pixel electrode 190
may serve as a cathode and the common electrode 270 may
serve as an anode. The storage electrode 127, the driving
voltage line 172, and the storage region 157 that are over-
lapping with one another form a storage capacitor Cst.
[0160] The switching thin film transistor Qs transmits a
data signal via the data line 171 in response to a gate signal
of the gate line 121. When the driving thin film transistor Qd
receives a data signal, the driving thin film transistor Qd
passes a current having a magnitude dependent on the
voltage difference between the second control electrode
1245 and the second input electrode 173b. The voltage
difference between the second control electrode 1245 and
the second input electrode 17356 is stored in the storage
capacitor Cst, and is maintained after the switching thin film
transistor Qs is turned off. The organic light emitting diode
displays an image by emitting light having various intensi-
ties, depending on the magnitude of the current flowing from
the driving thin film transistor Qd.

[0161] The above-described structure of an organic light
emitting diode display is an example, and it should be
apparent to one of ordinary skill in the art that the organic
light emitting diode according to one or more example
embodiments of the present disclosure can be applied to an
organic light emitting diode display having a different struc-
ture.

[0162] As used herein, expressions such as “at least one
of” and “one of”, when preceding a list of elements, modify
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the entire list of elements and do not modify the individual
elements of the list. Further, the use of “may” when describ-
ing embodiments of the present invention refers to “one or
more embodiments of the present invention”.

[0163] In addition, as used herein, the terms “use”,
“using”, and “used” may be considered synonymous with
the terms “utilize”, “utilizing”, and “utilized”, respectively.
[0164] As used herein, the terms “substantially”, “about”,
and similar terms are used as terms of approximation and not
as terms of degree, and are intended to account for the
inherent deviations in measured or calculated values that
would be recognized by those of ordinary skill in the art.
[0165] Also, any numerical range recited herein is
intended to include all sub-ranges of the same numerical
precision subsumed within the recited range. For example, a
range of “1.0 to 10.0” is intended to include all subranges
between (and including) the recited minimum value of 1.0
and the recited maximum value of 10.0, that is, having a
minimum value equal to or greater than 1.0 and a maximum
value equal to or less than 10.0, such as, for example, 2.4 to
7.6. Any maximum numerical limitation recited herein is
intended to include all lower numerical limitations sub-
sumed therein and any minimum numerical limitation
recited in this specification is intended to include all higher
numerical limitations subsumed therein. Accordingly, Appli-
cant reserves the right to amend this specification, including
the claims, to expressly recite any sub-range subsumed
within the ranges expressly recited herein.

[0166] While this disclosure has been described in con-
nection with what is presently considered to be practical
example embodiments, it is to be understood that the dis-
closure is not limited to the disclosed embodiments but, on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims and equivalents thereof.

DESCRIPTION OF SOME OF THE SYMBOLS
[0167]

10: anode 20: cathode
30: emission layer 40: hole-injection layer
50: electron-injection layer 60: hole-transport layer
70: electron-transport layer
110: substrate 121: gate line
140: gate insulating layer 151: semiconductor
171: data line 180: passivation layer
190: pixel electrode 270: common electrode

What is claimed is:

1. An organic light emitting diode comprising:

an anode and a cathode facing each other;

an emission layer between the anode and the cathode; and

an auxiliary layer between at least one selected from a pair

of the anode and the emission layer and a pair of the
cathode and the emission layer,

wherein the auxiliary layer comprises a ternary compound

comprising a halogen element.

2. The organic light emitting diode of claim 1, wherein the
ternary compound has an elemental composition represented
by A, B,C,,

wherein A represents one selected from the group con-

sisting of a Group 1 element, a Group 2 element, a rare
earth element, a transition metal, and a post-transition
metal,
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B represents one selected from the group consisting of a
Group 1 element, a Group 2 element, a rare earth
element, a transition metal, and a post-transition metal,

C represents a halogen element, and

m, n, and z are each independently an integer from 1 to 5.

3. The organic light emitting diode of claim 2, wherein the
auxiliary layer comprises a hole-injection layer between the
anode and the emission layer.

4. The organic light emitting diode of claim 2, wherein the
auxiliary layer comprises an electron-injection layer
between the cathode and the emission layer.

5. The organic light emitting diode of claim 2, wherein the
auxiliary layer comprises a hole-injection layer between the
anode and the emission layer, and an electron-injection layer
between the cathode and the emission layer.

6. The organic light emitting diode of claim 1, wherein the
ternary compound has a perovskite structure.

7. The organic light emitting diode of claim 1, wherein the
auxiliary layer comprises a material having a dipole moment
of greater than 50 debyes.

8. The organic light emitting diode of claim 1, wherein the
auxiliary layer comprises at least one selected from RbYbI;,
CsYbl,, KYbI;, NaYbl,, LiYbl,, RbSml,, CsSml,, KSml,,
NaSml;, LiSml;, RbMgl;, CsMgl;, KMgl,, NaMgl,, and
LiMgl,.

9. A method of manufacturing an organic light emitting
diode, comprising:

forming an anode on a substrate;

forming an emission layer on the anode;

forming an electron-injection layer on the emission layer;
and

forming a cathode on the electron-injection layer,

wherein the electron-injection layer comprises a ternary
compound comprising a halogen element, and

the forming of the electron-injection layer comprises:

mixing source materials for the ternary compound in one
crucible;

producing the ternary compound including a halogen
element by heating the crucible; and

evaporating and depositing the ternary compound com-
prising a halogen element by heating the crucible.

10. The manufacturing method of claim 9, wherein, in the
mixing of the source materials for the ternary compound in
one crucible:

the source materials mixed in the crucible comprise a
combination of a first source material and a second
source material, a combination of a first source material
and another first source material, or a combination of a
first source material, another first source material, and
a second source material;

wherein the first source material comprises at least one
selected from a Group 1 element, a Group 2 element, a
rare earth element, a transition metal, a halogen ele-
ment, and a compound thereof; and

the second source material comprises at least one selected
from a Group 1 element, a Group 2 element, a rare earth
element, a transition metal, a post-transition metal, and
a compound thereof.

11. The manufacturing method of claim 9, wherein the
electron-injection layer comprises at least one selected from
RbYbl,, CsYbl;, KYbl;, NaYbl,, LiYbl;, RbSml;, CsSml;,
KSml;, NaSml;, LiSml;, RbMgl,, CsMgl;, KMgl,,
NaMgl;, and LiMgl,.
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12. The manufacturing method of claim 10, wherein the
evaporation temperature of the ternary compound is lower
than the evaporation temperature of the first source material
and the second source material.

13. The manufacturing method of claim 9, wherein
between steps of forming the anode on the substrate, and
forming the emission layer on the anode, the method further
comprises forming a hole-injection layer on the anode,
wherein the hole-injection layer comprises a ternary com-
pound comprising a halogen element, and

the forming of the hole-injection layer comprises:

mixing source materials for the temary compound in one
crucible;

producing the ternary compound comprising a halogen
element by heating the crucible; and

evaporating and depositing the ternary compound com-
prising a halogen element.

14. An organic light emitting diode display comprising;

a substrate;

a thin film transistor on the substrate; and

an organic light emitting element connected to the thin
film transistor,

wherein the organic light emitting element includes:

an anode and a cathode facing each other;

an emission layer between the anode and the cathode; and

an auxiliary layer between the anode and the emission
layer, or between the cathode and the emission layer,

wherein the auxiliary layer comprises a ternary compound
including a halogen element.

15. The organic light emitting diode display of claim 14,
wherein the ternary compound has an elemental composition
represented by A, B, C,;

wherein A represents one selected from the group con-
sisting of a Group 1 element, a Group 2 element, a rare
earth element, a transition metal, and a post-transition
metal;

B represents one selected from the group consisting of a
Group 1 element, a Group 2 element, a rare earth
element, a transition metal, and a post-transition metal;

C represents a halogen element; and

m, n, and z are each independently an integer from 1 to 5.

16. The organic light emitting diode display of claim 15,
wherein the auxiliary layer comprises a hole-injection layer
between the anode and the emission layer.

17. The organic light emitting diode display of claim 15,
wherein the auxiliary layer comprises an electron-injection
layer between the cathode and the emission layer.

18. The organic light emitting diode display of claim 15,
wherein the auxiliary layer comprises a hole-injection layer
between the anode and the emission layer, and an electron-
injection layer between the cathode and the emission layer.

19. The organic light emitting diode display of claim 14,
wherein the auxiliary layer comprises a material having a
dipole moment of greater than 50 debyes.

20. The organic light emitting diode display of claim 14,
wherein the auxiliary layer comprises at least one selected
from RbYbI;, CsYbl,, KYbl,, NaYbl;, LiYbl,, RbSml;,
CsSml,, KSml,, NaSml;, LiSml,, RbMgl,, CsMgl;,
KMgl,, NaMgl,, and LiMgl,.
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