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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2015-0132270 filed on Sep-
tember 18, 2015.
BACKGROUND

Field of the Disclosure

[0002] The present disclosure relates to a method of
forming an organic light emitting display apparatus
(OLED apparatus). More particularly, the present disclo-
sure relates to a method of forming an OLED apparatus
with improved efficiency and long lifespan.

Discussion of the Related Art

[0003] An organic light emitting display (OLED) appa-
ratus is a next generation display apparatus having self-
luminance properties. In more detail, an OLED apparatus
displays images by producing excitons through a recom-
bination of holes and electrons, which are respectively
injected from the anode and cathode, in a light emitting
layer, and generating light with a specific wavelength by
an energy emission of the produced excitons.

[0004] Unlike a liquid crystal display (LCD) apparatus,
an OLED apparatus typically does not require an addi-
tional light source. Thus, an OLED apparatus is light
weight and has a thin profile. In comparison to an LCD
apparatus, an OLED apparatus has various advantages
such as wide viewing angle, good contrast ratio, rapid
response speed and low power consumption, whereby
an OLED apparatus has attracted great attentions as a
next generation display apparatus.

[0005] US 2015/108456 A1 discloses an organic light
emitting device having a hole transport layer containing
at least two materials.

[0006] US 2014/339259 A1 discloses an organic elec-
troluminescent element including a hole transport layer,
wherein a "highest occupied molecular orbital* HOMO of
the hole transport layer satisfies the expression:
-5.4<HOMO (HT2)<-4.8; and a relationship of triplet ex-
citation energies (T1) between a phosphorescence emit-
ting dopant compound and a hole transport material con-
tained in the hole transport layer satisfies the expression:
T1(HT2)-T1(D)>0.1.

[0007] JP 2013 236055A discloses an organic electro-
luminescent element that has at least two hole transport
layers and a light-emitting layer in order between an an-
ode and a cathode facing each other, is characterized in
that one of the hole transport layers contains a compound
of a specific structure having a fluorene structure at its
center and is not adjacent to the light-emitting layer.
[0008] US 2014/353624 A1 discloses an organic light-
emitting diode including a a first hole transport layer be-
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tween a first electrode and an emission layer, and a sec-
ond hole transport layer between the first hole transport
layer and an emission layer, wherein the first hole trans-
portlayerincludes a first carbazole-based compound and
a p-dopant, the second hole transport layer includes a
second carbazole-based compound and does not com-
prise the p-dopant.

[0009] US 2013/313535 A1 discloses an organic light
emitting device including a first hole transport layer, a
first mixed layer, and a second hole transport layer,
wherein the first mixed layer includes materials used to
form the first and the second hole transport layers.

SUMMARY

[0010] A method of forming an OLED apparatus ac-
cordingto claim 1is provided. Further examples are given
in the dependent claims.

[0011] An OLED apparatus having self-luminance
properties may include an anode, a cathode, and an
emission layer between the anode and the cathode, and
may further include organic layers such as an injecting
layer and a transporting layer between the anode and
the cathode. The properties of the OLED apparatus, for
example, driving voltage, light-emission efficiency, and
lifespan of the OLED apparatus may be directly influ-
enced by the organic layers of the emission layer, the
injecting layer, and/or the transporting layer. That is, the
properties of the OLED apparatus may be determined
based on the structure and/or material properties of the
organiclayers disposed between the anode and the cath-
ode.

[0012] The present inventors propose a method of
forming an OLED apparatus that is directed to realizing
alow driving voltage, improved light-emission efficiency,
and increased lifespan by a hole transporting layer of a
mixed structure including two materials having different
properties.

[0013] To achieve these and other advantages and in
accordance with the purpose of embodiments of the dis-
closure, as embodied and broadly described herein,
thereis provided a method of formingan OLED apparatus
having a hole transporting layer of a mixed structure
which is capable of realizing low driving voltage, im-
proved light-emission efficiency, and increased lifespan
by improving a transfer of holes from the hole transporting
layer to an emission layer, and reducing a transfer of
electrons from the emission layer to the hole transporting
layer.

[0014] According to one embodiment of the present
disclosure, there is provided a method of forming an or-
ganic light emitting display (OLED) apparatus as dis-
closed in claim 1. Further details are described in de-
pendent claims. Accordingly, it is possible to it is possible
torealize the low driving voltage, improved light-emission
efficiency and increased lifespanin the OLED apparatus.
[0015] It is to be understood that both the foregoing
general description and the following detailed description
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of embodiments of the present disclosure are exemplary
and explanatory and are intended to provide further ex-
planation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings, which are includ-
ed to provide a further understanding of embodiments of
the disclosure and are incorporated in and constitute a
part of this application, illustrate embodiment(s) of the
disclosure and together with the description serve to ex-
plain the principle of embodiments of the disclosure. In
the drawings:

FIG. 1 is a cross sectional view illustrating an OLED
apparatus according to one embodiment of the
present disclosure;

FIG. 2 is a cross sectional view illustrating the com-
ponents of the OLED apparatus according to one
embodiment of the present disclosure, not forming
part of the claimed invention;

FIG. 3illustrates an energy band diagram in the com-
ponents of the OLED apparatus according to one
embodiment of the present disclosure, not forming
part of the claimed invention;

FIG. 4 is a table showing a driving voltage and a
light-emission efficiency in an OLED apparatus ac-
cording to a comparative example, and the OLED
apparatus according to one embodiment of the
present disclosure, not forming part of the claimed
invention;

FIG. 5is a graph showing the change of driving volt-
age in accordance with the time in the OLED appa-
ratus according to the comparative example and the
OLED apparatus according to one embodiment of
the present disclosure, not forming part of the
claimed invention;

FIGs. 6A and 6B are graphs showing lifespan in the
OLED apparatus according to the comparative ex-
ample and the OLED apparatus according to one
embodiment of the present disclosure, not forming
part of the claimed invention;

FIG. 7 is a cross sectional view illustrating the com-
ponents of an OLED apparatus according to another
embodiment of the present disclosure, according to
the claimed invention;

FIG. 8 illustrates a co-deposition method for manu-
facturing a hole transporting layer of FIG. 7;

FIG. 9 is a cross sectional view illustrating the com-
ponents of an OLED apparatus according to another
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embodiment of the present disclosure, not forming
part of the claimed invention;

FIG. 10A is a graph showing the change of driving
voltage in accordance with the time in an OLED ap-
paratus according to a comparative example and the
OLED apparatus according to another embodiment
of the present disclosure, not forming part of the
claimed invention; and

FIG. 10B is a graph showing the lifespan in accord-
ance with the time in the OLED apparatus according
to the comparative example and the OLED appara-
tus according to another embodiment of the present
disclosure, not forming part of the claimed invention;

DETAILED DESCRIPTION OF THE ILLUSTRATED
EMBODIMENTS

[0017] Reference will now be made in detail to exem-
plary embodiments of the present disclosure, examples
of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like
parts.

[0018] Advantages and features of the present disclo-
sure, and implementation methods thereof will be clari-
fied through following embodiments described with ref-
erence to the accompanying drawings. The present dis-
closure may, however, be embodied in different forms
and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the present dis-
closure to those skilled in the art. Further, the present
disclosure is only defined by scopes of claims.

[0019] A shape,asize, aratio, an angle, and a number
disclosed in the drawings for describing embodiments of
the present disclosure are merely an example, and thus,
the present disclosure is not limited to the illustrated de-
tails. Like reference numerals refer to like elements
throughout. In the following description, when the de-
tailed description of the relevant known function or con-
figuration is determined to unnecessarily obscure the im-
portant point of the present disclosure, the detailed de-
scription will be omitted. In a case where ‘comprise’,
’have’, and ’include’ described in the present specifica-
tion are used, another part may be added unless ‘only~’
is used. The terms of a singular form may include plural
forms unless referred to the contrary.

[0020] In construing an element, the element is con-
strued as including an error range although there is no
explicit description.

[0021] In description of embodiments of the present
disclosure, when a structure (for example, an electrode,
aline, awiring, alayer, ora contact) is described as being
formed at an upper portion/lower portion of another struc-
ture or on/under the other structure, this description
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should be construed as including a case where the struc-
tures contact each other and moreover, a case where a
third structure is disposed therebetween.

[0022] In describing a time relationship, for example,
when the temporal order is described as ’after~’, 'subse-
quent~’, 'next~’, and 'before~’, a case which is not con-
tinuous may be included unless ’just’ or ‘direct’ is used.
[0023] It will be understood that, although the terms
"first", "second", etc. may be used herein to describe var-
ious elements, these elements should not be limited by
these terms. These terms are only used to distinguish
one element from another. For example, a first element
could be termed a second element, and, similarly, a sec-
ond element could be termed a first element, without de-
parting from the scope of the present disclosure.
[0024] For convenience of explanation, a size and a
thickness of each element are shown as exemplary in
the drawings, but not limited to the shown size and thick-
ness.

[0025] Features ofvarious embodiments of the present
disclosure may be partially or overall coupled to or com-
bined with each other, and may be variously inter-oper-
ated with each other and driven technically as those
skilled in the art can sufficiently understand. The embod-
iments of the present disclosure may be carried out in-
dependently from each other, or may be carried out to-
gether in co-dependent relationship.

[0026] Hereinafter, an organiclightemitting display ap-
paratus (OLED apparatus) according to embodiments of
the present disclosure will be described in detail with ref-
erence to the accompanying drawings.

[0027] FIG. 1 is a cross sectional view illustrating an
OLED apparatus 1000 according to one embodiment of
the present disclosure.

[0028] Referring to FIG. 1, the OLED apparatus 1000
may include a substrate 100, a thin film transistor 300,
and a light-emitting device (ED). The OLED apparatus
1000 may include a plurality of pixels (P). The pixel (P)
indicates a minimum unit for emitting light, which may
also be referred to as a sub-pixel or a pixel region. Also,
the plurality of pixels may constitute one group for ex-
pressing white light. For example, a red pixel, a green
pixel, and a blue pixel may constitute one group, or a red
pixel, a green pixel, a blue pixel, and a white pixel may
constitute one group. However, it is not limited to this
structure, that is, various pixel designs are possible. For
convenience of explanation, FIG. 1 shows only one pixel
(P).

[0029] The thin film transistor 300 is disposed on the
substrate 100, and supplies various signals to the light-
emitting device (ED). The thin film transistor 300 shown
in FIG. 1 may be a driving thin film transistor connected
with an anode 400 of the light-emitting device (ED). Ad-
ditionally, a switching thin film transistor or a capacitor
for driving the light-emitting device (ED) may be disposed
on the substrate 100.

[0030] The substrate 100 is formed of aninsulating ma-
terial. For example, the substrate 100 may be formed of
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a flexible film of glass or a polyimide-based material.
[0031] The thin film transistor 300 may include a gate
electrode 310, an active layer 320, a source electrode
330, and a drain electrode 340. Referring to FIG. 1, the
gate electrode 310 is disposed on the substrate 100, and
agate insulating layer 210 covers the gate electrode 310.
Also, the active layer 320 is disposed on the gate insu-
lating layer 210, and is overlapped with the gate electrode
310. The source electrode 330 and the drain electrode
340 are disposed on the active layer 320, and the source
electrode 330 and the drain electrode 340 are spaced
apart from each other.

[0032] Inthe description of embodiments ofthe present
disclosure, if two elements are overlapped with each oth-
er, the two elements may be at least partially overlapped
with each otherregardless of another elementinterposed
in-between, and they may be referred to as various
names.

[0033] The gate electrode 310, the source electrode
330, and the drain electrode 340 are formed of a con-
ductive material, for example, a singular-layered struc-
ture or multi-layered structure of molybdenum (Mo), alu-
minum (Al), chrome (Cr), gold (Au), titanium (Ti), nickel
(Ni), neodymium (Nd), copper (Cu), and their alloys, but
not limited to these materials.

[0034] The active layer 320 may be formed of any one
of amorphous silicon (a-Si), polycrystalline silicon (poly-
Si), oxide, and organic materials, but not limited to these
materials.

[0035] The gate insulating layer 210 may be formed in
a singular-layered structure or multi-layered structure of
inorganic material, for example, silicon oxide (SiOx), sil-
icon nitride (SiNx), and etc.

[0036] FIG. 1 shows the thin film transistor 300 having
a staggered structure, but not limited to this structure.
The thin film transistor 300 may have a coplanar struc-
ture.

[0037] A planarizationlayer 220 is disposed on the thin
film transistor 300. The planarization layer 220 is config-
ured to expose a predetermined portion of the source
electrode 330. The planarization layer 220 may have a
singular-layered structure or multi-layered structure, and
the planarization layer 200 may be formed of an organic
material. For example, the planarization layer 220 may
be formed of polyimide, acryl, and etc.

[0038] A passivation layer may be additionally provid-
ed between the planarization layer 220 and the thin film
transistor 300. The passivation layer is formed of an in-
organic material. The passivation layer protects the thin
film transistor 300. Like the planarization layer 220, the
passivation layer may expose a predetermined portion
of the source electrode 330.

[0039] The light-emitting device (ED) is disposed on
the planarization layer 220, wherein the light-emitting de-
vice (ED) includes an anode 400, a light-emitting unit
500, and a cathode 600. The anode 400 of the light-emit-
ting device (ED) is connected with the source electrode
330 of the thin film transistor 300, and various signals
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are supplied to the anode 400 of the light-emitting device
(ED) through the thin film transistor 300. According to the
kind of the thin film transistor 300, the anode 400 may
be connected with the drain electrode 340 of the thin film
transistor 300.

[0040] The OLED apparatus 1000 of FIG. 1 is a top
emission type, wherein light (L) emitted from the light-
emitting unit 500 may advance to an upper direction
through the cathode 600.1f the OLED apparatus 1000 is
a bottom emission type, light (L) emitted from the light-
emitting unit 500 may advance to a lower direction
through the anode 400. In this case, in order to avoid
obstructing a path of the light emitted from the light-emit-
ting unit 500, the thin film transistor 300 may be disposed
in an area which is not overlapped with the anode 400
or an area which is overlapped with a bank 230.

[0041] The bank 230 is provided to divide the pixel (P),
and the bank 230 covers an end of the anode 400. Re-
ferring to FIG. 1, the bank 230 exposes a predetermined
portion of an upper surface of the anode 400. The bank
230 may be formed of an organic material, for example,
any one of polyimide and photoacryl, but not limited to
these materials.

[0042] FIG. 2 is a cross sectional view illustrating the
components of the OLED apparatus 1000 according to
one embodiment of the present disclosure, not being part
of the claimed invention, which is a cross sectional view
for explaining a stack structure of the light-emitting device
(ED) of the OLED apparatus 1000.

[0043] Referring to FIG. 2, the light-emitting device
(ED) of the OLED apparatus 1000 includes the anode
400 and cathode 600 confronting each other, and the
light-emitting unit 500 disposed between the anode 400
and the cathode 600. The light-emitting unit 500 can refer
to all organic layers disposed between the anode 400
and the cathode 600, or a stack structure of all organic
layers disposed between the anode 400 and the cathode
600. For example, as shown in FIG. 2, the light-emitting
unit 500 may be formed in a sequential stack structure
of a first stack 510 including a first hole transporting layer
511, a first emission layer 512 and a first electron trans-
porting layer 513, a second stack 520 including a second
hole transporting layer 521, a second emission layer 522
and a second electron transporting layer 523, and a third
stack 530 including a third hole transporting layer 531, a
third emission layer 532 and a third electron transporting
layer 533.

[0044] The light-emitting unit 500 of the OLED appa-
ratus 1000 according to one embodiment of the present
disclosure shown in FIG. 2 has a common emission layer
structure, and emits the white light (L). The light-emitting
unit 500 with the common emission layer structure may
be formed by the use of a common mask with open areas
corresponding to all pixels (P). The light-emitting unit 500
may be deposited in the same structure for all pixels (P)
without an individual pattern for each pixel (P). The light-
emitting unit 500 of the common emission layer structure
may be connected or disposed without disconnection
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from one pixel (P) to the neighboring pixel (P) so that the
light-emitting unit 500 is shared by the plurality of pixels
(P). Also, the light emitted from the plurality of emission
layers 512,522 and 532 included in the light-emitting unit
500 may be mixed together, whereby the white light (L)
may be emitted through the anode 400 or cathode 600
from the light-emitting unit 500.

[0045] The anode 400 is separately disposed for each
pixel (P). The anode 400 is an electrode for supplying or
transmitting a hole to the light-emitting unit 500, and the
anode 400 is connected with the source ordrain electrode
of the thin film transistor. The anode 400 may be formed
of a transparent layer of TCO (transparent conductive
oxide) material such as ITO (indium tin oxide) or 1ZO
(indium zinc oxide).

[0046] If the OLED apparatus 1000 according to one
embodiment of the present disclosure is the top emission
type, the anode 400 may further include a reflection layer
for smoothly reflecting the light emitted from the light-
emitting unit 500 to an upper direction. For example, the
anode 400 may be formed in a dual-layered structure
including a transparent layer and a reflection layer de-
posited in sequence, or a three-layered structure includ-
ing a transparent layer, a reflection layer and another
transparent layer deposited in sequence. Herein, the re-
flection layer may be formed of a metal material such as
copper (Cu), silver (Ag), palladium (Pd), and etc.
[0047] The cathode 600 is disposed on the light-emit-
ting unit 500, wherein the cathode 600 is an electrode
for supplying or transmitting an electron to the light-emit-
ting unit 500. The cathode 600 may be formed of a metal
material such as silver (Ag), magnesium (Mg), silver-
magnesium (Ag-Mg), and etc., or TCO (transparent con-
ductive oxide) material such as ITO (indium tin oxide) or
120 (indium zinc oxide).

[0048] The light-emitting unit 500 disposed between
the anode 400 and the cathode 600 includes the plurality
of stacks 510, 520 and 530, and the first and second
charge generation layers 540 and 550 disposed in-be-
tween the stacks 510, 520 and 530. In the embodiment
of the present disclosure, the three stacks 510, 520 and
530 are disposed between the anode 400 and the cath-
ode 600, but not limited to this structure. According to a
design, the two stacks, four stacks or stacks more than
four stacks may be provided.

[0049] Among the plurality of stacks 510, 520 and 530,
the first stack 510 is disposed closest to the anode 400.
The first stack 510 includes the first hole transporting
layer 511, the first emission layer 512, and the first elec-
tron transporting layer 513.

[0050] The first hole transporting layer 511 is provided
to smoothly transmit the holes, which are supplied or
transmitted from the anode 400, to the light-emitting unit
500. As described above, the properties of the OLED
apparatus 1000 may be determined based on the struc-
ture of organic layers included in the light-emitting unit
500 or the properties of the organic layers included in the
light-emitting unit 500. Similarly, the properties of the
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OLED apparatus 1000, for example, driving voltage,
light-emission efficiency, and lifespan may be influenced
by the first hole transporting layer 511. Through various
experiments, the present inventors propose a novel first
hole transporting layer 511 having a mixed structure so
that it is possible to lower the driving voltage and to im-
prove the light-emission efficiency and the lifespan of the
OLED apparatus 1000. This will be described in detail
with reference to FIG. 3.

[0051] FIG. 3illustrates an energy band diagram of the
components included in the OLED apparatus according
to one embodiment of the present disclosure, not being
part of the claimed invention. In detail, FIG. 3 illustrates
the energy band diagram of the first hole transporting
layer 511 and the first emission layer 512 included in the
first stack 510 of the OLED apparatus of FIG. 2.

[0052] Referring to FIG. 3, the first hole transporting
layer 511 of the OLED apparatus 1000 according to one
embodiment of the present disclosure has the mixed
structure which enables to improve the transfer of holes
from the first hole transporting layer 511 to the first emis-
sion layer 512, and also to minimize the transfer of elec-
trons from the first emission layer 512 to the first hole
transporting layer 511.

[0053] In more detail, the first hole transporting layer
511 is a single layer of the mixed structure including a
first material 511a and a second material 511b. In order
to improve the transfer of holes from the first hole trans-
porting layer 511 to the first emission layer 512, a hole
mobility in the first material 511a of the first hole trans-
porting layer 511 is larger than a hole mobility in the sec-
ond material 511b of the first hole transporting layer 511.
Also, in order to minimize the transfer of electrons from
the first emission layer 512 to the first hole transporting
layer511, atripletenergy level (T1)in the second material
511b of the first hole transporting layer 511 is higher than
a triplet energy level in the first material 511a of the first
hole transporting layer 511.

[0054] The first material 511aincluded in the first hole
transporting layer 511 of the mixed structure is a material
whose hole mobility is larger than that of the second ma-
terial 511b. The first material 511a enables to smoothly
transfer the hole, which is transmitted or supplied from
the anode 400, to the light-emitting unit500. Forexample,
the first material 511a has the hole mobility of about
1Xx10-4 cm2/Vs or more than 1x10-4 cm2/Vs, to thereby
improve a hole transfer capacity to the light-emitting unit
500. Accordingly, the driving voltage of the OLED appa-
ratus 1000 is lowered, and the light-emission efficiency
of the OLED apparatus 1000 is improved. That is, the
first hole transporting layer 511 includes the first material
511a whose hole mobility is relatively larger than that of
the second material 511b, whereby it facilitates the trans-
fer of holes. In comparison to a single structure of the
first hole transporting layer 511 having only the second
material 511b, the mixed structure of the OLED appara-
tus according to one embodiment of the present disclo-
sure enables to lower the driving voltage of the OLED
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apparatus 1000, and to improve the light-emission effi-
ciency of the OLED apparatus 1000.

[0055] If the first hole transporting layer 511 is formed
only by the material having the excessively-large hole
mobility in order to improve the hole transfer capacity of
the OLED apparatus 1000, a balance of electrons and
holes injected into the light-emitting unit 500 is not main-
tained so that the lifespan of the OLED apparatus 1000
is shortened. That is, if the excessively-large amount of
holes is injected into the light-emitting unit 500 in com-
parison to the amount of electrons, it inevitably increases
the amount of holes which is not used for a combination
of electrons and holes so that the organic layers of the
light-emitting unit 500 are damaged, and the lifespan of
the OLED apparatus 100 is shortened.

[0056] Thefirstholetransportinglayer511 ofthe OLED
apparatus 1000 according to one embodiment of the
present disclosure is formed in the mixed structure in-
cluding the first material 511a having the relatively-large
hole mobility, and the second material 511b whose hole
mobility is relatively lower than that of the first material
511a, to thereby facilitate the balance of electrons and
holes. In consideration of the amount of injected elec-
trons, a weight percent ratio of the first material 511a and
the second material 511b in the first hole transporting
layer 511 is adjusted so that the amount of electrons or
holes is not unnecessarily increased in the light-emitting
unit 500, to thereby improve the lifespan of the OLED
apparatus 1000.

[0057] The second material 511b included in the first
hole transporting layer 511 of the mixed structure is the
material whose triplet energy level (T1) is relatively larger
than that of the first material 511a, wherein the second
material 511b reduces the transfer of the electrons from
the first emission layer 512 to the first hole transporting
layer 511. For example, the second material 511b has
the triplet energy level (T1) within a range from about
-2.7eV to about -2.6eV so that it is possible to reduce a
diffusion of the electrons from the first emission layer 512
to the first hole transporting layer 511. That is, the first
hole transporting layer 511 includes the second material
511b with the high triplet energy level (T1), whereby it is
possible to reduce the damage of the first hole transport-
ing layer 511 by the electron transferred from the first
emission layer 512. In comparison to the single structure
of the first hole transporting layer 511 having only the
first material 511a with the relatively-low triplet energy
level (T1), the mixed structure of the OLED apparatus
according to one embodiment of the present disclosure
enables to improve the lifespan of the OLED apparatus
1000.

[0058] In more detall, referring to FIG. 3, the triplet en-
ergy level (T1b) of the second material 511b is higher
than the triplet energy level (T1a) of the first material
511a. In case of the single structure of the first hole trans-
porting layer 511 having only the first material 511a with
the relatively-low triplet energy level (T1a), the electrons
may be transferred or diffused from the first emission
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layer 512 to the first hole transporting layer 511 by the
difference between the triplet energy level (T1e) of the
first emission layer 512 and the triplet energy level (T1a)
of the first material 511a. The first hole transporting layer
511 may be damaged by the electrons transferred or dif-
fused to the first hole transporting layer 511, whereby the
lifespan of the OLED apparatus 1000 may be shortened.
[0059] According as the first hole transporting layer
511 of the OLED apparatus 1000 according to one em-
bodiment of the present disclosure has the mixed struc-
ture including the second material 511b with the relative-
ly-higher triplet energy level (T1b), it increases the differ-
ence with respect to the triplet energy level (T1e) of the
first emission layer 512, in comparison to the single struc-
ture of the first hole transporting layer 511 having only
the first material 511a. That is, the difference between
the triplet energy level (T1e) of the first emission layer
512 and the triplet energy level (T1b) of the second ma-
terial 511b is increased in comparison to the difference
between the triplet energy level (T1e) of the first emission
layer 512 and the triplet energy level (T1a) of the first
material 511a so that it is possible to reduce the diffusion
or transfer of the electrons from the first emission layer
512 to the first hole transporting layer 511. Accordingly,
it is possible to reduce the damage of the first hole trans-
porting layer 511 by the electron, and furthermore, to
improve the lifespan of the OLED apparatus 1000.
[0060] The second material 511b included in the first
hole transporting layer 511 of the mixed structure is the
material whose HOMO (highest occupied molecular or-
bitals) levelis relatively lower than that of the first material
511a. The second material 511b minimizes an accumu-
lation of the holes on the interface between the first hole
transporting layer 511 and the first emission layer 512.
For example, the second material 511b has the HOMO
level within a range from about -5.2eV to about -4.7eV,
to thereby reduce the accumulation of the holes on the
interface between the first hole transporting layer 511
and the first emission layer 512. That is, if the HOMO
level of the second material 511b of the first hole trans-
porting layer 511 is relatively lower than the HOMO level
ofthe firstmaterial 511a of the first hole transporting layer
511, itis possible to reduce the accumulation of the holes
on the interface between the first hole transporting layer
511 and the first emission layer 512 for a process of sup-
plying the holes from the first hole transporting layer 511
to thefirstemission layer 512. Accordingly, in comparison
to the single structure of the first hole transporting layer
511 having only the first material 511a with the relatively-
high HOMO level, the mixed structure of the OLED ap-
paratus according to one embodiment of the present dis-
closure enables improvement of the lifespan of the OLED
apparatus 1000.

[0061] In more detail, referring to FIG. 3, the HOMO
level (Hb) of the second material 511b is relatively lower
than the HOMO level (Ha) of the first material 511a. In
the single structure of the first hole transporting layer 511
having only the first material 511a with the relatively-high

10

15

20

25

30

35

40

45

50

55

HOMO level (Ha), some of holes may be accumulated
on the interface between the first hole transporting layer
511 and the first emission layer 512 by the difference
between the HOMO level (He) of the first emission layer
512 and the HOMO level (Ha) of the first material 511a
for the process of supplying the holes from the first hole
transporting layer 511 to the first emission layer 512. Ac-
cordingly, the lifespan of the OLED apparatus 1000 may
be shortened due to deterioration on the interface be-
tween the first hole transporting layer 511 and the first
emission layer 512.

[0062] The first emission layer 512 is in direct contact
with the first hole transporting layer 511, wherein the first
emission layer 512 may be referred to as an adjoining-
organic layer. Also, if an additional organic layer (for ex-
ample, additional hole transporting layer) provided be-
tween the first emission layer 512 and the first hole trans-
porting layer 511 is in contact with the first hole trans-
porting layer 511, it is possible to minimize the accumu-
lation of holes on the interface between the first hole
transporting layer 511 and the additional organic layer.
In this case, the additional organic layer is in direct con-
tact with the first hole transporting layer 511, wherein the
additional organic layer may be referred to as an adjoin-
ing-organic layer.

[0063] As the first hole transporting layer 511 of the
OLED apparatus 1000 according to one embodiment of
the present disclosure has the mixed structure including
the second material 511b with the relatively-low HOMO
level (Hb), it decreases the difference with respect to the
HOMO level (He) of the first emission layer 512, in com-
parison to the single structure of the first hole transporting
layer having only the first material 511a. That is, the dif-
ference between the HOMO level (He) of the first emis-
sion layer 512 and the HOMO level (Hb) of the second
material 511b is reduced in comparison to the difference
between the HOMO level (He) of the first emission layer
512 and the HOMO level (Ha) of the first material 511a
so thatitis possible to minimize the accumulation of holes
on the interface between the first hole transporting layer
511 and the adjoining-organic layer disposed close to
the first hole transporting layer 511 for a process of trans-
ferring the holes from the first hole transporting layer 511
to the first emission layer 512. Accordingly, it is possible
to reduce deterioration on the interface between the first
hole transporting layer 511 and the adjoining-organic lay-
er disposed close to the first hole transporting layer 511
by the accumulated holes, to thereby improve the
lifespan of the OLED apparatus 1000.

[0064] The second material 511b included in the first
hole transporting layer 511 of the mixed structure is the
material whose thermal stability is relatively higher than
that of the first material 511a, wherein the second mate-
rial 511b improves durability of the first hole transporting
layer 511. Accordingly, in comparison to the single struc-
ture of the first hole transporting layer 511 having only
the first material 511a, the mixed structure enables im-
provement of the lifespan of the OLED apparatus 1000.
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The respective thermal stabilities of the first material
511a and the second material 511b may be compared
through various methods. For example, a purity change
rate of the first material 511a may be compared with a
purity change rate of the second material 511b, wherein
the purity change rate indicates the rate of damage in
each of the first and second materials 511a and 511b
after each of the first and second materials 511a and
511b is maintained at a predetermined temperature for
a predetermined time period. In detail, the first material
511a and the second material 511b are maintained at
about 250 °C for about atleast 250 hours in consideration
of the temperature in the environment for the deposition
of the first hole transporting layer 511 and the minimum
time of the material maintained inside a deposition ap-
paratus, and then the purity change rate of the first ma-
terial 511a is compared with the purity change rate of the
second material 511b. In order to improve durability of
the first hole transporting layer 511, the material purity
change rate of the second material 511b is about 5% or
less than 5%.

[0065] As described above, the first hole transporting
layer 511 of the OLED apparatus 1000 according to one
embodiment of the present disclosure has the mixed
structure including the first material 511a and the second
material 511b so that the mixed structure enables to re-
alize the low driving voltage, improved light-emission ef-
ficiency and increased lifespan in comparison to the sin-
gle structure. Also, it is possible to realize the low driving
voltage, improved light-emission efficiency and in-
creased lifespan in the OLED apparatus 1000 by opti-
mizing a weight percentage (wt%) ratio of the first mate-
rial 511a and the second material 511b included in the
first hole transporting layer 511 of the mixed structure. A
weight percent of the first material 511a included in the
first hole transporting layer 511 is higher than a weight
percent of the second material 511b included in the first
hole transporting layer 511.

[0066] The first material 511a of the first hole trans-
porting layer 511 is the material with the relatively-high
hole mobility, wherein the first material 511a improves
the light-emission efficiency of the OLED apparatus 1000
and lowers the driving voltage of the OLED apparatus
1000. That is, as the weight percent of the first material
511aincluded in the first hole transporting layer 511 be-
comes higher, the light-emission efficiency and the driv-
ing voltage properties of the OLED apparatus 1000 are
improved, however, the lifespan of the OLED apparatus
is reduced, in comparison to the single structure of the
first hole transporting layer 511 having only the second
material 511b.

[0067] The second material 511b of the first hole trans-
portinglayer 511 is the material whose triplet energy level
(T1) is relatively high, HOMO level is relatively low and
thermal stability is relatively high, wherein the second
material 511b improves the lifespan of the OLED appa-
ratus 1000. That is, according as the weight percent of
the second material 511b included in the first hole trans-
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porting layer 511 becomes higher, the lifespan of the
OLED apparatus 1000 is improved, however, the light-
emission efficiency and the driving voltage properties are
reduced, in comparison to the single structure of the first
hole transporting layer 511 having only the first material
511a. Also, if the amount of the second material 511b
included in the first hole transporting layer 511 is larger
than the amount of the first material 511a included in the
first hole transporting layer 511, the light-emission effi-
ciency and the driving voltage properties may be reduced
excessively.

[0068] Accordingly, on the assumption that the weight
total of the first material 511a and the second material
511b included in the first hole transporting layer 511 of
the mixed structure is 100wt%, the first material 511a is
within range from 50wt% to 90wt%, and the second ma-
terial 511b is within a range from 10wt% to 50wt%, to
thereby optimize the weight percent ratio of the first ma-
terial 511a to the second material 511b. Accordingly, it
is possible to maintain the driving voltage properties and
the light-emission efficiency of the OLED apparatus
1000, or to minimize the reduction of the driving voltage
properties and the light-emission efficiency of the OLED
apparatus 1000, and simultaneously to improve the
lifespan of the OLED apparatus 1000.

[0069] Inthe OLED apparatus 1000 according to one
embodiment of the presentdisclosure, the first hole trans-
porting layer 511 has the mixed structure including the
first material 511a and the second material 511b, wherein
the hole mobility and energy level of the first material
511a is different from the hole mobility and energy level
of the second material 511b. Thus, in comparison to the
single structure of the first hole transporting layer 511
having only the first material 511a or only the second
material 511b, the mixed structure enables to realize the
properties of high efficiency and long lifespan of the
OLED apparatus 1000.

[0070] ReferringtoFIG.2,amongthe plurality of stacks
510, 520 and 530 disposed between the anode 400 and
the cathode 600, the first stack 510 which is disposed
closest to the anode 400 includes the first hole transport-
ing layer 511, the first emission layer 512, and the first
electron transporting layer 513, as described above. The
second stack 520 is disposed on the first stack 510,
wherein the second stack 520 includes the second hole
transporting layer 521, the second emission layer 522,
and the second electron transporting layer 523. Also, the
third stack 530 is disposed on the second stack 520,
wherein the third stack 530 includes the third hole trans-
porting layer 531, the third emission layer 532, and the
third electron transporting layer 533.

[0071] The plurality of emission layers 512, 522 and
532 included in the light-emitting unit 500 are configured
to emit white light obtained by mixing the light emitted
from each of the plurality of emission layers 512,522 and
532. For example, blue lightis emitted from the first stack
510 and the third stack 530, yellow-green light is emitted
from the second stack 520, and the white light obtained
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by mixing the blue light and the yellow-green light is emit-
ted from the light-emitting unit 500. In this case, a peak
wavelength of the light emitted from the first emission
layer 512 of the first stack 510 is within a range from
440nm to 480nm, a peak wavelength of the light emitted
from the third emission layer 532 of the third stack 530
is within arange from 440nm to 480nm, and a peak wave-
length of the light emitted from the second emission layer
522 of the second stack 520 is within a range from 540nm
to 580nm.

[0072] The second stack 520 may further include an
additional emission layer for emitting green light or red
light. If the second stack 520 includes the second emis-
sion layer 522 for emitting the yellow-green light, and the
additional emission layer for emitting the green light, a
peak wavelength of the light emitted from the second
stack 520 is within a range from 510nm to 570nm. Also,
if the second stack 520 includes the second emission
layer 522 for emitting the yellow-green light, and the ad-
ditional emission layer for emitting the red light, a peak
wavelength of the light emitted from the second stack
520 is within a range from 540nmm to 650nm.

[0073] The second hole transporting layer 521 includ-
ed in the second stack 520 and the third hole transporting
layer 531 included in the third stack 530 respectively
transfer the hole, which is supplied from the anode 400
or the charge generation layers 540 and 550, to the sec-
ond emission layer 522 and the third emission layer 533.
In the same manner as the aforementioned first hole
transporting layer 511, the second hole transporting layer
521 and the third hole transporting layer 531 may be
formed in the mixed structure having the two materials
whose properties are different from each other in consid-
eration the structure of the light-emitting unit 500 and the
amount of electron injected into the inside of the light-
emitting unit 500. Accordingly, it is possible to lower the
driving voltage of the OLED apparatus 1000, and to im-
prove the lifespan and the light-emission efficiency of the
OLED apparatus 1000.

[0074] Also, the first hole transporting layer 511 may
have a thickness from about 70nm to about 150nm so
as to optimize a micro-cavity effect of the light emitted
from the first emission layer 512 by a distance between
the anode 400 and the cathode 600. Herein, the micro-
cavity indicates that the light-emission efficiency is im-
proved by amplification and constructive interference of
the light with a specific wavelength through repetitive re-
flection and re-reflection of the light emitted from the
emission layer between the two electrodes 400 and 600.
Also, if the thickness of the first hole transporting layer
511 is less than about 70nm, the first hole transporting
layer 511 does not function as a hole transporting layer.
Meanwhile, if the thickness of the first hole transporting
layer 511 is more than about 150nm, the driving voltage
is raised due to the excessive thickness of the first hole
transporting layer 511, or it is impossible to maximize a
micro-cavity effect between the anode 400 and the cath-
ode 600.
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[0075] The first electron transporting layer 513 includ-
ed in the first stack 510, the second electron transporting
layer 523 included in the second stack 520, and the third
electron transporting layer 533 included in the third stack
530 respectively transfer the electron, which is supplied
from the cathode 600 or the charge generation layer 540
and 550, to the first emission layer 512, the second emis-
sion layer 522, and the third emission layer 532.

[0076] The first charge generation layer 540 disposed
between the first stack 510 and the second stack 520,
and the second charge generation layer 550 disposed
between the second stack 520 and the third stack 530
injectthe electron and hole to the firstemission layer 512,
the second emission layer 522, or the third emission layer
523. Each of the first charge generation layer 540 and
the second charge generation layer 550 is formed in the
structure including N-type charge generation layer and
P-type charge generation layer connected with each oth-
er. In this case, the N-type charge generation layer sup-
plies the electron to the emission layer disposed close
to the anode 400, for example, the first emission layer
512 and the second emission layer 522. Also, the P-type
charge generation layer supplies the hole to the emission
layer disposed close to the cathode 600, for example,
the second emission layer 522 and the third emission
layer 532. Accordingly, the light-emission efficiency of
the OLED apparatus 1000 including the plurality of emis-
sion layers is improved, and the driving voltage thereof
is lowered.

[0077] FIG. 4isatable showingthe driving voltage and
light-emission efficiency in an OLED apparatus accord-
ing to a comparative example and the OLED apparatus
according to one embodiment of the present disclosure,
not being part of the claimed invention. FIG. 5 is a graph
showing the change of driving voltage in accordance with
the time in the OLED apparatus according to the com-
parative example and the OLED apparatus according to
one embodiment of the presentdisclosure, not being part
of the claimed invention. FIGs. 6A and 6B are graphs
showing the lifespan in the OLED apparatus according
to the comparative example and the OLED apparatus
according to one embodiment of the present disclosure,
not being part of the claimed invention.

[0078] In case of the comparative example shown in
FIGs. 4 to 6, the OLED apparatus is provided with a hole
transporting layer of a single structure. In detail, the
OLED apparatus of the comparative example corre-
sponds to the OLED apparatus described with reference
to FIGs. 2 and 3 which includes the first hole transporting
layer having only the first material with the relatively-large
hole mobility.

[0079] In case of the embodiment shown in FIGs. 4 to
6, the OLED apparatus is provided with a hole transport-
ing layer of a mixed structure. In detail, the OLED appa-
ratus of the embodiment corresponds to the OLED ap-
paratus described with reference to FIGs. 2 and 3 which
includes the first hole transporting layer having the first
material with the relatively-large hole mobility and the
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second material with the relatively-high triplet energy lev-
el. Also, on the assumption that the weight total of the
first material and the second material included in the first
hole transporting layer of the embodiment is 100wt%, the
first material is about 90wt%, and the second material is
about 10wt%. In other words, the ratio of the first material
to the second material in the first hole transporting layer
is at about 9 : 1.

[0080] ReferringtoFIG.4, whena currentof 10mA/cm?2
is supplied to each structure of the comparative example
and the embodiment, the driving voltage of the compar-
ative example is 11.5V, and luminance showing the light-
emission efficiency is 23.41m/W. In case of the embod-
iment, the driving voltage is 11.6V, and the luminance is
23.21m/W. Thatis, the driving voltage and the light-emis-
sion efficiency in the comparative example including the
first hole transporting layer having only the first material
with the relatively-large hole mobility is very similar to the
driving voltage and the light-emission efficiency in the
embodiment including the first hole transporting layer
having the first material with the relatively-large hole mo-
bility and the second material with the relatively-low hole
mobility.

[0081] FIG. 5is a graph showing the change of driving
voltage in accordance with the time in the OLED appa-
ratus according to the comparative example and the
OLED apparatus according to one embodiment of the
present disclosure. In more detail, FIG. 5 shows the
change of driving voltage in accordance with the time
with respect to an initial driving voltage. Referring to FIG.
5, the change of driving voltage in accordance with the
time in the comparative example including the first hole
transporting layer having only the first material is very
similar to the change of driving voltage in accordance
with the time in the embodiment including the first mate-
rial and the second material.

[0082] FIGs. 6A and 6B are graphs showing the
lifespan in the OLED apparatus according to the com-
parative example and the OLED apparatus according to
one embodiment of the present disclosure. On the as-
sumption that an initial luminance is 100%, FIGs. 6a and
6B show the time taken until the initial luminance is re-
duced to 95%.

[0083] FIG. 6Ais the graph showing the lifespan when
the blue light is emitted from the OLED apparatus. Re-
ferring to FIG. 6A, in case of the embodiment including
the first hole transporting layer having the first material
and the second material mixed together, it takes more
time until the luminance is reduced from 100% to 95%,
in comparison to the comparative example including the
first hole transporting layer having only the first material.
[0084] FIG. 6B is the graph showing the lifespan when
the yellow-green light is emitted from the OLED appara-
tus. Referring to FIG. 6B, in case of the embodiment in-
cluding the first hole transporting layer having the first
material and the second material mixed together, it takes
more time until the luminance is reduced from 100% to
95%, in comparison to the comparative example includ-
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ing the first hole transporting layer having only the first
material.

[0085] Thus, referring to FIGs. 4 to 6, the first hole
transporting layer of the OLED apparatus according to
one embodiment of the present disclosure, which is
formed in the mixed structure including the first material
with the relatively-large hole mobility, and the second ma-
terial whose triplet energy level is relatively high, HOMO
level is relatively low, and thermal stability is relatively
high, enables to realize the lower driving voltage, the
more-improved light-emission efficiency, and the more-
increased lifespan, in comparison to the first hole trans-
porting layer of the OLED apparatus according to the
comparative example formed in the single structure in-
cluding only the first material.

[0086] FIG. 7 is a cross sectional view illustrating the
components of an OLED apparatus 2000 according to
the claimed invention. Except a structure of a first hole
transporting layer 511, the OLED apparatus 2000 ac-
cording to another embodiment of the present disclosure
shownin FIG. 7 is the same as the OLED apparatus 1000
according to one embodiment of the present disclosure,
whereby a detailed description for the same parts or sim-
ilar parts will be omitted.

[0087] In the OLED apparatus 2000 according to an-
other embodiment of the present disclosure, the first hole
transporting layer 511 includes a mixed layer including
first and second materials mixed together, and a non-
mixed layer including only the first or second material. In
more detail, referring to FIG. 7, the first hole transporting
layer 511 includes a first non-mixed layer 511-1, a mixed
layer 511-2, and a second non-mixed layer 511-3.
[0088] The first non-mixed layer 511-1 is disposed rel-
atively close to an anode 400, wherein the first non-mixed
layer 511-1 is a single layer having only the first material
with a large hole mobility. The first non-mixed layer 511-1
functions as a buffer layer between the anode 400 and
the mixed layer 511-2. Also, the first non-mixed layer
511-1 helps a transfer of holes supplied or transmitted
from the anode 400. The first material has the hole mo-
bility of about 1Xx10-4 cm2/Vs or more than 1x10-4
cm2/Vs, to thereby improve a hole transfer capacity to
the OLED apparatus 2000.

[0089] The second non-mixed layer 511-3 is disposed
relatively close to a first emission layer 512, wherein the
second non-mixed layer 511-2 corresponds to a layer
having a single structure having only the second material
whose triplet energy level (T1) is relatively high, HOMO
level is relatively low, and thermal stability is relatively
high. The second non-mixed layer 511-2 functions as a
buffer layer between the first emission layer 512 and the
mixed layer 511-2. Also, the second non-mixed layer
511-3 prevents a transfer of electrons from the first emis-
sion layer 512. The second material 511b has the triplet
energy level (T1) within a range from about -2.7eV to
about -2.6eV so that it is possible to reduce a diffusion
of the electrons from the first emission layer 512. Also,
the second material 511b has the HOMO level within a
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range from about -5.2eV to about -4.7eV, to thereby re-
duce an accumulation of the holes on the interface be-
tween the first hole transporting layer 511 and the first
emission layer 512.

[0090] The mixed layer 511-2 is disposed between the
first non-mixed layer 511-1 and the second non-mixed
layer511-3. The mixed layer511-2 corresponds to alayer
having a mixed structure with the first and second mate-
rials. The mixed layer 511 includes the first material with
the relatively-large hole mobility, and the second material
whose triplet energy level (T1) is relatively high, HOMO
level is relatively low, and thermal stability is relatively
high. Accordingly, a balance of the electrons and holes
is maintained in a light-emitting unit 500 so that it is pos-
sible to realize the lower driving voltage and the more-
improved light-emission efficiency of the OLED appara-
tus 2000, in comparison to the hole transporting layer
having the single structure. In addition, it is possible to
overcome the problems relating the injection of electron
into the first hole transporting layer 511 and the accumu-
lation of holes on the interface of the first hole transporting
layer 511, whereby the lifespan of the OLED apparatus
2000 according to another embodiment of the present
disclosure is increased in comparison to that of the hole
transporting layer having the single structure.

[0091] Also, on the assumption that the weight total of
the first material and the second material included in the
mixed layer 511-2 is 100wt%, the first material is within
range from 50wt% to 90wt%, and the second material is
within a range from 10wt% to 50wt%, to thereby optimize
the weight percent ratio of the first material to the second
material. Accordingly, it is possible to realize the lower
driving voltage, the improved light-emission efficiency,
and the increased lifespan in the OLED apparatus 2000
according to another embodiment of the present disclo-
sure.

[0092] Thefirstholetransporting layer511inthe OLED
apparatus 2000 according to another embodiment of the
present disclosure is obtained by additionally providing
the non-mixed layers 511-1 and 511-3 to the first hole
transporting layer of the OLED apparatus shown in FIG.
2, however, a total thickness of the first hole transporting
layer 511 is not increased. That is, the total thickness of
the first non-mixed layer 511-1, the mixed layer 511-2,
and the second non-mixed layer 511-3 is within a range
from about 70nm to about 150nm. If the thickness of the
first hole transporting layer 511 is less than about 70nm,
the first hole transporting layer 511 does not function as
a hole transporting layer. Meanwhile, if the thickness of
the first hole transporting layer 511 is more than about
150nm, the driving voltage is raised due to the excessive
thickness of the first hole transporting layer 511, or it is
impossible to maximize a micro-cavity effect.

[0093] The thickness of each of the first non-mixed lay-
er 511-1 and the second non-mixed layer 511-3 is about
40% or less than 40% in comparison to the thickness of
the mixed layer 511-2. If the thickness of each of the first
non-mixed layer 511-1 and the second non-mixed layer

10

15

20

25

30

35

40

45

50

55

1"

511-3 is more than 40% in comparison to the thickness
of the mixed layer 511-2, the thickness of the mixed layer
511-2isrelatively smaller so that the properties of driving
voltage, light-emission efficiency and lifespan of the
OLED apparatus may be deteriorated.

[0094] FIG. 8 illustrates a co-deposition method for
manufacturing the hole transporting layer of FIG. 7.
[0095] Referring to FIG. 8, the first hole transporting
layer 511 of the OLED apparatus 2000 according to the
claimed invention is manufactured by the co-deposition
method. In more detalil, a first evaporator 710 provided
with the first material 511a and a second evaporator 720
provided with the second material 511b are disposed at
a lower side of a chamber, and a substrate 100, on which
the first hole transporting layer is to be formed, is dis-
posed at an upper side of the chamber, wherein one sur-
face of the substrate 100 for the first hole transporting
layer to be formed thereon confronts the evaporators 710
and 720. Then, if the substrate 100 is moved along a
direction of the chamber, the first material 511a and the
second material 511b are evaporated from the first evap-
orator 710 and the second evaporator 720. According to
the movement of the substrate, the first material 511a
evaporated from the first evaporator 710 is deposited on
the substrate 100, to thereby form the first non-mixed
layer 511-1. Then, the first material 511a and the second
material 511b are evaporated together from the first
evaporator 710 and the second evaporator 720, to there-
by form the mixed layer 511-2. Thereafter, the second
material 511b evaporated from the second evaporator
720 is deposited on the substrate 100, to thereby form
the second non-mixed layer 511-3.

[0096] The thickness of each of the first non-mixed lay-
er 511-1, the mixed layer 511-2, and the second non-
mixed layer 511-3 may be adjusted by a distance (D)
between the first evaporator 710 and the second evap-
orator 720. For example, according as the distance (D)
between the first evaporator 710 and the second evap-
orator 720 is increased, the first non-mixed layer 511-1
and the second non-mixed layer 511-3 are increased in
thickness, and the mixed layer 511-2 is decreased in
thickness.

[0097] Also, aratio of the first material 511a to the sec-
ond material 511b in the mixed layer 511-2 may be ad-
justed by a deposition speed (nm/s) of the first evaporator
710 and the second evaporator 720. For example, if the
deposition speed of the first evaporator 710 is higher than
the deposition speed of the second evaporator 720, a
percentage of the first material 511a is higher than a per-
centage of the second material 511b.

[0098] If the distance (D) between the first evaporator
710 and the second evaporator 720 is decreased, it is
possible to manufacture the first hole transporting layer
511 having only the mixed layer of the first material 511a
and the second material 511b. That is, it is possible, in
an example not being part of the claimed invention, to
manufacture the first hole transporting layer of the single
structure of the aforementioned OLED apparatus shown
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in FIG. 2. According to a design of the OLED apparatus,
it is possible to include any one of the first non-mixed
layer 511-1 and the second non-mixed layer 511-3.
[0099] FIG. 9 is a cross sectional view illustrating the
components of an OLED apparatus 3000 according to
another embodiment of the present disclosure, not being
part of the claimed invention.

[0100] Referring to FIG. 9, the OLED apparatus 3000
according to another embodiment of the present disclo-
sure may include an anode 1400, a cathode 1600, and
a light-emitting unit 1500 disposed between the anode
1400 and the cathode 1600. The light-emitting unit 1500
may include a hole injecting layer 1514, a hole transport-
ing layer 1511, an emission layer 1512, and an electron
transporting layer 1513.

[0101] The light-emitting unit 1500 of the OLED appa-
ratus 3000 according to another embodiment of the
present disclosure, which is shown in FIG. 9, has a pat-
terned emission layer structure, and emits mono-colored
light. In case of the light-emitting unit 1500 of the pat-
terned emission layer structure, each of emission layers
for different color light emissions, for example, red, green
and blue emission layers is separated by each pixel, and
each pixel emits mono-colored light. Each emission layer
may be patterned by the use of mask with an open area
by each pixel, for example, FMM (fine metal mask). For
convenience of explanation, FIG. 9 shows only one pixel.
[0102] Theanode 1400 is separately disposed foreach
pixel (P). The anode 1400 is an electrode for supplying
or transmitting holes to the light-emitting unit 1500, and
the anode 1400 is connected with a source or drain elec-
trode of a thin film transistor. The anode 1400 may be
formed of a transparent layer of TCO (transparent con-
ductive oxide) material such as ITO (indium tin oxide) or
120 (indium zinc oxide).

[0103] The cathode 1600 is disposed on the light-emit-
ting unit 1500, wherein the cathode 1600 is an electrode
for supplying or transmitting electrons to the light-emitting
unit 1500. The cathode 1600 may be formed of a metal
material such as silver (Ag), magnesium (Mg), silver-
magnesium (Ag-Mg), and etc., or TCO (transparent con-
ductive oxide) material such as ITO (indium tin oxide) or
120 (indium zinc oxide).

[0104] The holeinjecting layer 1514 is disposed on the
anode 1400, wherein the hole injecting layer 1514 is pro-
vided to smoothly inject the hole from the anode 1400 to
the emission layer 1512. The hole injecting layer 1514
may be formed of at least any one selected from a group
of CuPc(copperphthalocyanine), PEDOT(poly(3,4)-eth-
ylenedioxythiophene), PANI(polyaniline), and NPD(N,N-
bis(naphthalene-1-yl)-N,N’-bis(phenyl)-2,2’-dimethyl-
benzidine), but not limited to these materials.

[0105] The hole transporting layer 1511 is disposed on
the hole injecting layer 1514, wherein the hole transport-
ing layer 1511 is provided to smoothly transfer the holes,
which is transmitted or supplied from the anode 1400, to
the emission layer 1512.

[0106] The hole transporting layer 1511 is formed in a
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single layer of a mixed structure including two materials
having the different properties, for example, first and sec-
ond materials. For improvement of the hole transfer to
the emission layer 1512, the first material of the hole
transporting layer 1511 has a relatively-large hole mobil-
ity in comparison to the second material. For reducing a
diffusion of the electrons from the emission layer 1512,
the second material of the hole transporting layer 1511
has a relatively-high triplet energy level (T1) in compar-
ison to the first material. For minimizing an accumulation
of the holes on the interface between the hole transport-
ing layer 1511 and the emission layer 1512, the second
material of the hole transporting layer 1511 has a rela-
tively-low HOMO level in comparison to the first material.
For improving durability of the hole transporting layer
1511, the second material has a relatively-high thermal
stability.

[0107] The hole transporting layer 1511 of the OLED
apparatus 3000 according to another embodiment of the
present disclosure has the mixed structure of the first
material and the second material so that it is possible to
realize lower driving voltage, improved light-emission ef-
ficiency, and increased lifespan in comparison to the sin-
gle structure including only the first or second material.
[0108] The emission layer 1512 may be formed of a
phosphorescent or fluorescent material for emitting mo-
no-colored light. For example, the emission layer 1512
may be formed of a material for emitting red, green or
blue light. If the emission layer 1512 emits the red light,
a peak wavelength of the light emitted from the emission
layer 1512 is within a range from 600nm to 650nm. If the
emission layer 1512 emits the green light, a peak wave-
length of the light emitted from the emission layer 1512
is within a range from 510nm to 570nm. If the emission
layer 1512 emits the blue light, a peak wavelength of the
light emitted from the emission layer 1512 is within a
range from 440nm to 480nm.

[0109] If the emission layer 1512 emits the red light,
the emission layer 1512 may be formed of a phospho-
rescent material including a host material of CBP(4,4’-
bis(carbazol-9-yl)biphenyl), and dopantincluding at least
any one selected from a group of Ir(PIQ)2(acac)(bis(1-
phenylisoquinoline)acetylacetonate iridium(l11)),
Ir(P1Q)3(tris(1-phenylquinoline)iridium(lll) and
PtOEP(octaethylporphine platinum). The emission layer
1512 may be formed of a fluorescent material including
PBD:Eu(DBM)3(Phen) or Perylene, but not limited to
these materials.

[0110] Ifthe emission layer 1512 emits the green light,
the emission layer 1512 may be formed of a phospho-
rescent material including a host material of CBP(4,4’-
bis(carbazol-9-yl)biphenyl), and dopant including an irid-
ium-based material, or may be formed of a fluorescent
material including Alg3(tris(8-hydroxyquinolino)alumi-
num), but not limited to these materials.

[0111] If the emission layer 1512 emits the blue light,
the emission layer 1512 may be formed of a phospho-
rescent material including a host material of CBP(4,4’-
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bis(carbazol-9-yl)biphenyl), and dopant including an irid-
ium-based material, or may be formed of a fluorescent
material including any one selected from a group of spiro-
BDAVBI(2,7-bis)4-diphenylamino)styryl)-9,9-spiroflu-
orene), spiro-CBP(2,2’,7,7'-tetrakis(carbozol-9-yl)-9,9-
spirofluorene), distyrylbenzene (DSB), distyrylarylene
(DSA), PFO(polyfluorene)-based polymer, and
PPV(polyphenylenevinylene)-based polymer, but not
limited to these materials.

[0112] FIG. 10Ais a graph showing the change of driv-
ing voltage in accordance with the time in the OLED ap-
paratus according to comparative example and the
OLED apparatus according to another embodiment of
the present disclosure, not being part of the claimed in-
vention. FIG. 10B is a graph showing the lifespan in ac-
cordance with the time in the OLED apparatus according
to the comparative example and the OLED apparatus
according to another embodiment of the present disclo-
sure, not being part of the claimed invention.

[0113] In case of the comparative example 1 shown in
FIGs. 10A and 10B, the OLED apparatus is provided with
a hole transporting layer of a single structure having only
the first material. In detail, the OLED apparatus of the
comparative example 1 corresponds to the OLED appa-
ratus 3000 described with reference to FIG. 9 which in-
cludes the hole transporting layer having only the first
material with the relatively-large hole mobility.

[0114] In case of the comparative example 2 shown in
FIGs. 10A and 10B, the OLED apparatus is provided with
a hole transporting layer of a single structure having only
the second material. In detail, the OLED apparatus of the
comparative example 2 corresponds to the OLED appa-
ratus 3000 described with reference to FIG. 9 which in-
cludes the hole transporting layer having only the second
material whose triplet energy level (T1) is relatively high
and HOMO level is relatively low.

[0115] In case of the embodiment shown in FIGs. 10A
and 10B, the OLED apparatus is provided with a hole
transporting layer of a mixed structure. In detail, the
OLED apparatus of the embodiment corresponds to the
OLED apparatus described with reference to FIG. 9
which includes the hole transporting layer having the first
material with the relatively-large hole mobility and the
second material with the relatively-high triplet energy lev-
el. Also, on the assumption that the weight total of the
first material and the second material included in the hole
transporting layer of the embodiment is 100wt%, the first
material is about 50wt%, and the second material is about
50wt%. In other words, the ratio of the first material to
the second material in the hole transporting layer is at 5 :
5.

[0116] FIG. 10A is the graphs showing the change of
driving voltage in accordance with the time in the com-
parative example 1, the comparative example 2, and the
embodiment. In more detail, FIG. 10A is the graph show-
ing the change of driving voltage in accordance with the
time with respect to an initial driving voltage. Referring
to FIG. 10A, in case of the comparative example 2 having
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only the second material, the driving voltage is largely
changed in accordance with the time, in comparison to
the comparative example 1 having only the first material.
Also, the change of driving voltage in the embodiment
having the first material and the second material is very
similar to the change of driving voltage in the comparative
example 1 having only the first material. That is, the driv-
ing voltage property in the hole transporting layer of the
single structure having only the first material with the rel-
atively-large hole mobility is greater than the driving volt-
age property in the hole transporting layer of the single
structure having only the second material with the rela-
tively-high triplet energy level (T1). Also, the driving volt-
age property in the hole transporting layer of the mixed
structure having the first material and the second material
which are mixed at a ratio of about 5 : 5 is very similar to
the driving voltage property in the hole transporting layer
of the single structure having only the first material, and
the driving voltage property in the hole transporting layer
of the mixed structure having the first material and the
second material which are mixed at a ratio of about 5 : 5
is improved in comparison to the driving voltage property
inthe hole transporting layer of the single structure having
only the second material.

[0117] FIG. 10B is the graph showing the lifespan in
accordance with the time in the comparative example 1,
the comparative example 2, and the embodiment. On the
assumption that an initial luminance is 100%, FIG. 10B
is the graph showing the time taken until the initial lumi-
nance is reduced to 95%.

[0118] Referring to FIG. 10B, the time taken until the
initial luminance is reduced to 95% in the comparative
example 2 having only the second material is longer than
the time taken until the initial luminance is reduced to
95% in the comparative example 1 having only the first
material. Also, the time taken until the initial luminance
is reduced to 95% in the comparative example 2 having
only the second material is very similar to the time taken
until the initial luminance is reduced to 95% in the em-
bodiment having the first material and the second mate-
rial. That is, in case of the hole transporting layer of the
single structure having only the second material whose
triplet energy level (T1) is relatively high, HOMO level is
relatively low, and thermal stability is relatively high, the
lifespan property is greater in comparison to the hole
transporting layer of the single structure having only the
first material with the relatively-large hole mobility. Also,
the lifespan property in the hole transporting layer of the
mixed structure having the first material and the second
material which are mixed at a ratio of about 5 : 5 is very
similar to the lifespan property in the hole transporting
layer of the single structure having only the second ma-
terial, and the lifespan property in the hole transporting
layer of the mixed structure having the first material and
the second material which are mixed at a ratio of about
5:5is improved in comparison to the lifespan property
inthe hole transporting layer of the single structure having
only the first material.
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[0119] Asdescribed above, if the OLED apparatus has
the common emission layer structure for emitting the
white light, or the patterned emission layer structure for
emitting the mono-colored light, the hole transporting lay-
er disposed between the two electrodes is formed in the
mixed structure including the two materials whose prop-
erties are different from each other, to thereby realize the
lower driving voltage, the improved light-emission effi-
ciency, and the increased lifespan of the OLED appara-
tus.

[0120] The hole transporting layer of the OLED appa-
ratus according to one embodiment of the present dis-
closure is formed in the mixed structure having the first
material with the relatively-large hole mobility, and the
second material with the relatively-high triplet energy lev-
el, to thereby realize the low driving voltage, improved
light-emission efficiency, and increased lifespan of the
OLED apparatus.

[0121] The hole transporting layer of the mixed struc-
ture includes the first material with the relatively-large
hole mobility in comparison to the second material,
whereby the transfer of holes becomes easier. Thus, in
comparison to the hole transporting layer of the single
structure having only the second material, the hole trans-
porting layer of the mixed structure having the first ma-
terial and the second material enables to lower the driving
voltage, and to improve the light-emission efficiency.
[0122] The hole transporting layer of the mixed struc-
ture includes the second material with the relatively-high
triplet energy level in comparison to the first material,
whereby itis possible to reduce the damage of hole trans-
porting layer by the electron transferred or diffused from
the emission layer to the hole transporting layer. Thus,
in comparison to the hole transporting layer of the single
structure having only the first material, the hole transport-
ing layer of the mixed structure having the first material
and the second material enables to increase the lifespan
of the OLED apparatus.

[0123] As the HOMO level of the second material in-
cluded in the hole transporting layer of the mixed struc-
ture is lower than the HOMO level of the first material, it
is possible to minimize the accumulation of holes on the
interface between the hole transporting layer and the ad-
joining-organic layer, thatis, to minimize the deterioration
thereon. Thus, in comparison to the hole transporting lay-
er of the single structure having only the first material,
the hole transporting layer of the mixed structure having
the first material and the second material enables to in-
crease the lifespan of the OLED apparatus.

[0124] The hole transporting layer of the mixed struc-
ture includes the second material with the high thermal
stability. Thus, in comparison to the hole transporting lay-
er of the single structure having only the first material,
the hole transporting layer of the mixed structure having
the first material and the second material enables to in-
crease the lifespan of the OLED apparatus.

[0125] The weight percent ratio of the first material to
the second material included in the hole transporting lay-
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er of the mixed structure is optimized. Thus, in compar-
ison to the hole transporting layer of the single structure
having only the first material or only the second material,
the hole transporting layer of the mixed structure having
the first material and the second material enables to lower
the driving voltage, to improve the light-emission efficien-
¢y, and to increase the lifespan of the OLED apparatus.
[0126] 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 scope of
the disclosures. Thus, it is intended that the present dis-
closure covers the modifications and variations of this
disclosure provided they come within the scope of the
appended claims.

Claims

1. Method of forming an organic light emitting display
apparatus (200), comprising:

forming an anode (400) on a substrate (100);
forming a light-emitting unit (510) over the an-
ode, the light-emitting unit comprising a first
emission layer (512), afirst electron transporting
layer (513), and a first hole transporting layer
(511) comprising a mixed layer (511-2) having
a first material (511a) and a second material
(511b), a first non-mixed layer (511-1) having
only the first material, and a second non-mixed
layer (511-2) having only the second material,
the forming the first hole transporting layer com-
prising:

arranging a first evaporator (710) provided
with the first material and a second evapo-
rator (720) provided with the second mate-
rial together at a lower side of a chamber;

moving the substrate with the anode facing
the first evaporator and the second evapo-
rator along a direction of the chamber while
the first material is evaporated from the first
evaporator and the second material is evap-
orated form the second evaporator in such
away that the first material evaporated from
the first evaporator is deposited first on the
substrate, to thereby form the first non-
mixed layer, a mix of the first material and
the second material is deposited thereafter
as the mixed layer on the first non-mixed
layer, and the second material evaporated
from the second evaporator is deposited
thereafter on the mixed layer, wherein the
first material has a higher hole mobility than
the second material, the second material
has a higher triplet energy level than the first
material, and the second material has alow-
er highest occupied molecular orbitals (HO-
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MO) level than the first material; and
forming a cathode.

2. The method according to claim 1,

wherein, when a total weight of the first material
(511a) and the second material (511b) included
in the mixed layer is 100wt%,

the first material is within a range from 50wt%
to 90wt%, and

the second material is within a range from
10wt% to 50wt%.

The method according to claim 1 or 2, wherein a
thickness of the first non-mixed layer and/or a thick-
ness of the second non-mixed layer is equal to 40%
or less than 40% in comparison to a thickness of the
mixed layer.

The method according to any one of claims 1 to 3,
wherein a hole mobility of the first material is equal
to 1x10-4 cm2/Vs or higher than 1Xx10-4 cm2/Vs.

The method according to any one of claims 1 to 4,
wherein a triplet energy level of the second material
is within a range from -2.7eV to -2.6eV, and a HOMO
level of the second material is within a range from
-5.2eV to -4.7eV.

The method according to any one of claims 1 to 5,
wherein a peak wavelength of the light emitted from
the first emission layer is within a range from 440nm
to 480nm.

The method according to any one of claims 1 to 6,
wherein the light-emitting unit for emitting a white
light includes:

afirst stack including the first emission layer and
the first hole transporting layer;

a second stack including a second emission lay-
er on the first stack, and

a third stack including a third emission layer on
the second stack,

wherein a peak wavelength of the light emitted
from the first emission layer and the third emis-
sion layer is within a range from 440nm to
480nm, and

a peak wavelength of the light emitted from the
second emission layer is within a range from
540nm to 580nm.

The method according to any one of claims 1 to 7,
wherein a thickness of each of the first non-mixed
layer, the mixed layer, and the second non-mixed
layeris adjusted by a distance between the first evap-
orator and the second evaporator.

15

20

25

30

35

40

45

50

55

15

9.

The method according to any one of claims 1 to 8,
wherein a ratio of the first material to the second
material in the mixed layer is adjusted by a deposition
speed of the first evaporator and the second evap-
orator.

Patentanspriiche

1.

Verfahren zum Bilden einer organischen lichtemit-
tierenden Anzeigevorrichtung (200), aufweisend:

Bilden einer Anode (400) auf einem Substrat
(100;

Bilden einer lichtemittierenden Einheit (510)
Uber der Anode, wobei die lichtemittierende Ein-
heit eine erste Emissionsschicht (512), eine ers-
te Elektronentransportschicht (513) und eine
erste Lochtransportschicht (511), die eine ge-
mischte Schicht (511-2) aufweist, welche ein
erstes Material (511a) und ein zweites Material
(511b) aufweist, eine erste ungemischte Schicht
(511-1), welche nur das erste Material aufweist,
und eine zweite ungemischte Schicht (511-2)
aufweist, welche nur das zweite Material auf-
weist, wobei das Bilden der ersten Lochtrans-
portschicht aufweist:

gemeinsames Anordnen eines ersten Ver-
dampfers (710), der mitdem ersten Material
ausgerustet ist, und eines zweiten Ver-
dampfers (720), der mit dem zweiten Mate-
rial ausgerustet ist, an einer unteren Seite
einer Kammer;

Bewegen des Substrats mit der dem ersten
Verdampfer und dem zweiten Verdampfer
zugewandten Anode entlang einer Rich-
tung der Kammer, wahrend das erste Ma-
terial aus dem ersten Verdampfer ver-
dampft wird und das zweite Material aus
dem zweiten Verdampfer verdampft wird,
auf eine solche Weise, dass das erste Ma-
terial, welches aus dem ersten Verdampfer
verdampft wird, als erstes auf dem Substrat
abgelagert wird, um dadurch die erste un-
gemischte Schicht zu bilden, danach eine
Mischung des ersten Materials und des
zweiten Materials als die gemischte Schicht
auf der ersten ungemischten Schicht abge-
lagertwird, und das zweite Material, das aus
dem zweiten Verdampfer verdampft wird,
danach auf der gemischten Schicht abge-
lagert wird, wobei das erste Material eine
héhere Lochmobilitat aufweist als das zwei-
te Material, das zweite Material ein hOheres
Triplet-Energieniveau als das erste Material
aufweist, und das zweite Material ein nied-
rigeres hochstes besetztes Molekilorbi-
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talnniveau (HOMO) aufweist als das erste
Material; und

Bilden einer Kathode.

2. Das Verfahren gemaf Anspruch 1,

wobei, wenn ein Gesamtgewicht des ersten Ma-
terials (511a) und des zweiten Materials (511b),
welche in der gemischten Schicht, enthalten
sind, 100 Gew.-% sind,

das erste Material sich in einem Bereich von 50
Gew.-% bis 90 Gew.-% befindet, und

das zweite Material sich in einem Bereich von
10 Gew.-% bis 50 Gew.-% befindet.

Das Verfahren gemaf Anspruch 1 oder 2,

wobei eine Dicke der ersten ungemischten Schicht
und/oder eine Dicke der zweiten ungemischten
Schicht gleich 40% oder kleiner als 40% ist im Ver-
gleich mit einer Dicke der gemischten Schicht.

Das Verfahren gemaf einem der Anspriiche 1 bis 3,
wobei eine Lochbeweglichkeit des ersten Materials
gleich 1x 10 cm2/Vs oder héher als 1x104 cm?2/Vs
ist.

Das Verfahren gemaf einem der Anspriiche 1 bis 4,
wobei ein Triplet-Energieniveau des zweiten Mate-
rials innerhalb eines Bereichs von -2,7 eV bis -2,6
eV liegt und ein HOMO-Niveau des zweiten Materi-
als in einem Bereich von -5,2 eV bis -4,7 eV liegt.

Das Verfahren gemaf einem der Anspriiche 1 bis 5,
wobei eine Spitzenwellenlange des Lichts, das von
der ersten Emissionsschicht emittiert wird, innerhalb
eines Bereichs von 440 nm bis 480 nm liegt.

Das Verfahren gemaf einem der Anspriiche 1 bis 6,
wobei die lichtemittierende Einheit zum Emittieren
weilen Lichts aufweist:

einen ersten Stapel, der die erste Emissions-
schicht und die erste Lochtransportschicht auf-
weist;

einen zweiten Stapel, der eine zweite Emissi-
onsschicht auf dem ersten Stapel aufweist, und
einen dritten Stapel, der eine dritte Emissions-
schicht auf dem zweiten Stapel aufweist, wobei
eine Spitzenwellenlange des Lichts, das von der
ersten Emissionsschicht und der dritten Emissi-
onsschicht emittiert wird, in einem Bereich von
440 nm bis 480 nm liegt, und

eine Spitzenwellenlange des Lichts, das von der
zweiten Emissionsschicht emittiert wird, in ei-
nem Bereich von 540 nm bis 580 nm liegt.

8. Das Verfahren gemaf einem der Anspriiche 1 bis 7,
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wobei eine Dicke von jeder der ersten ungemischten
Schicht, der gemischten Schicht und der zweiten un-
gemischten Schicht eingestellt wird mittels eines Ab-
stands zwischen dem ersten Verdampfer und dem
zweiten Verdampfer.

Das Verfahren gemaf einem der Anspriiche 1 bis 8,
wobei ein Verhaltnis des ersten Materials zum zwei-
ten Material in der gemischten Schicht eingestellt
wird mittels einer Ablagerungsgeschwindigkeit des
ersten Verdampfers und des zweiten Verdampfers.

Revendications

Procédé de formation d’un appareil d’affichage élec-
troluminescent organique (200), comprenant :

la formation d’'une anode (400) sur un substrat
(100) ;

la formation d’une unité électroluminescente
(510) sur l'anode, l'unité électroluminescente
comprenant une premiere couche d’émission
(512), une premiére couche de transport d’élec-
trons (513) et une premiére couche de transport
de trous (511) comprenant une couche mixte
(511-2) ayant un premier matériau (511a) et un
second matériau (511b), une premiere couche
non mixte (511-1) ayant seulement le premier
matériau et une seconde couche non mixte
(511-2) ayant seulement le second matériau, la
formation de la premiére couche de transportde
trous comprenant :

'agencement d’un premier évaporateur
(710) pourvu du premier matériau et d’'un
second évaporateur (720) pourvu du se-
cond matériau ensemble sur un cbté infé-
rieur d’'une chambre ;

le déplacement du substrat avecl’anode en
face du premier évaporateur et du second
évaporateur le long d’une direction de la
chambre alors que le matériau s’évapore
du premier évaporateur et que le second
matériau s’évapore du second évaporateur
de telle sorte que le premier matériau éva-
poré du premier évaporateur est déposé en
premier surle substrat, afin de former la pre-
miére couche non mixte, un mélange du
premier matériau et du second matériau est
déposé ensuite comme couche mixte surla
premiére couche non mixte, et le second
matériau évaporé du second évaporateur
est déposé ensuite sur la couche mixte,
dans lequel le premier matériau présente
une mobilité des trous supérieure a celle du
second matériau, le second matériau pré-
sente un niveau d’énergie triplet supérieur
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a celui du premier matériau, et le second
matériau présente un niveau d’orbitales
moléculaires occupées les plus élevées
(HOMO) inférieur a celui du premier
matériau ; et

la formation d’'une cathode.

Procédé selon la revendication 1, dans lequel, lors-
qu’un poids total du premier matériau (511a) et du
second matériau (511b) inclus dans la couche mixte
est de 100 % en poids,

le premier matériau est dans une plage compri-
se entre 50 % en poids et 90 % en poids, et

le second matériau est dans une plage comprise
entre 10 % en poids et 50 % en poids.

Procédé selon la revendication 1 ou 2, dans lequel
une épaisseur de la premiére couche non mixte et/ou
une épaisseur de la seconde couche non mixte est
égale a 40 % ou a moins de 40 % d’une épaisseur
de la couche mixte.

Procédé selon I'une quelconque des revendications
1 a 3, dans lequel une mobilité des trous du premier
matériau est égale & 1 X 10 cm2/Vs ou est supé-
rieure a 1 X 104 cm2/Vs.

Procédé selon I'une quelconque des revendications
1 a4, dans lequel un niveau d’énergie triplet du se-
cond matériau est dans une plage comprise entre
-2,7 eV et-2,6 eV, et un niveau HOMO du second
matériau est dans une plage comprise entre-5,2 eV
et-4,7 eV.

Procédé selon I'une quelconque des revendications
1 a5, dans lequel une longueur d’'onde de pic de la
lumiére émise a partir de la premiére couche d’émis-
sion est dans une plage comprise entre 440 nm et
480 nm.

Procédé selon I'une quelconque des revendications
1 a 6, dans lequel I'unité électroluminescente per-
mettant d’émettre une lumiére blanche comprend :

un premier empilement comprenant la premiére
couche d’émission et la premiére couche de
transport de trous ;

un deuxiéme empilement comprenant une
deuxiéme couche d’émission sur le premier em-
pilement, et

un troisieme empilement comprenant une troi-
siéme couche d’émission sur le deuxiéme em-
pilement,

dans lequel une longueur d’onde de pic de la
lumiére émise a partir de la premiére couche
d’émission et de la troisieme couche d’émission
est dans une plage comprise entre 440 nm et
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480 nm, et

une longueur d’'onde de pic de la lumiere émise
a partir de la seconde couche d’émission est
dans une plage comprise entre 540 nm et 580
nm.

Procédé selon I'une quelconque des revendications
1a7,

dans lequel une épaisseur de chacune parmi la pre-
miére couche non mixte, la couche mixte et la se-
conde couche non mixte est ajustée parune distance
entre le premier évaporateur et le second évapora-
teur.

Procédé selon I'une quelconque des revendications
1a8,

dans lequel un rapport entre le premier matériau et
le second matériau dans la couche mixte est ajusté
par une vitesse de dépo6t du premier évaporateur et
du second évaporateur.
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