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(57) ABSTRACT

An organic electroluminescence display device includes a
first electrode, a first light emitter on the first electrode, the
first light emitter including a first light emitting layer, a first
charge generation layer disposed on the first light emitter, a
second light emitter on the first charge generation layer, the
second light emitter including a second light emitting layer,
and a second electrode on the second light emitter. The first
light emitter includes a first electron injection enhancing
layer on the first light emitting layer. The second light
emitter includes an electron injection suppressing layer on
the second light emitting layer, the electron injection sup-
pressing layer having electron mobility less than that of the
first electron injection enhancing layer.
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FIG. 3
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FIG. 5
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FIG. 6
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FIG. 7

OEL

/

A

 ~__~FEL2

AY

—~—ETL

Y

————EIS

EU2

\

—~—EML2

\

——— HIR2

A

AY

~— p-CGL2 }
CGL2
~—n-CGL2

by

——EIE2

hY

—~—EML3 EU3

AY

—~—HTR3

\

\

Pt >csu
~— n-CGL1

hY

———— —EIE1

k)

~—EML-a

3

——————HIR1

-~

T~ ~ELl1

DR3

LDFH

US 2018/0019286 A1



US 2018/0019286 A1

Jan. 18, 2018 Sheet 8 of 13

Patent Application Publication

FIG. 8

PX

&
r—

N - T

_ _
o) _ !
TN N 1
= | !

U R A
w llllllllllllllllllllllllllllll
o N TTTTTT ToTTTT 7

| _
o _ !
il | 1
= _ N

L S J
>< L. _]
&
2 N R i
= ! | !
| 1

b

-— |

EA3

EA2

EAT

DR2

LDW



Patent Application Publication  Jan. 18,2018 Sheet 9 of 13 US 2018/0019286 A1

NEA3
{
i i
|
|
|
|
|
|
N
H!
DR3
L—DR1

EA3

N?A1 ﬁAZ

EA2
EL1

FIG. 9

NE2A1 $A2

OEL

EA1
EL2

OL

vdent

NEAT




Patent Application Publication  Jan. 18,2018 Sheet 10 of 13  US 2018/0019286 A1

FIG. 10

NEA1 EA1 NEA1 NEAZ EA? NEAZ NEA3 EA3 NEAS

- Dt ot

- Pt
l | |
! I

B Bl

R-CF G-CF B-CF

Sl

——d

jws]
=



Patent Application Publication  Jan. 18,2018 Sheet 11 of 13 US 2018/0019286 A1

DR3
L DRt

ot [ T
%J{__ [N DU E . i

EA3

NE;H SAZ

Anm!
Lol
! [ T o
<C [N D]
. LU — |
P
A
-~ -
=N
= y_ |
= |
(e
D
h ool
e
o
-
LLi
R |
O
T—}““'“““"‘“"
~C
L]
=

CCL—+



Patent Application Publication  Jan. 18,2018 Sheet 12 of 13  US 2018/0019286 A1
FIG., 12
NEAT  EAl NEATNEA2  EA2  NEA2NEA3  EA3  NEW
u B | T~ -CoL-5UB
105000 OOOOOOO
@ 0,00 © 0~ 000 :
COM!  RE1 CCM2  RE2 RE3
DR3
LDFH
FIG. 13
NEA EAT  NEM NEAZ  EA2  NEAZNEAS  FA3  NEAS
| LcoL-su
"o o ©0 00l o0 A AN ADAL
9 0,00 00%00d |[afaaan
CCM1  RET CCM2  RE2 M RE3
\"”“\/“‘/
st
DR3

]——ADFH



Patent Application Publication

L/Lol[%]

102

100

98

96

94

92

90

Jan. 18, 2018 Sheet 13 of 13

FIG. 14

US 2018/0019286 A1

Optimum Structure

e
~—.

0 10 20

30 40

Driving Time[hr]

50



US 2018/0019286 A1l

ORGANIC ELECTROLUMINESCENCE
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2016-0090945,
filed on Jul. 18, 2016, in the Korean Intellectual Property
Office, and entitled: “Organic Electroluminescence Display
Device,” is incorporated by reference herein in its entirety.

BACKGROUND

1. Field

[0002] Embodiments relate to an organic electrolumines-
cence display device.

2. Description of the Related Art

[0003] Flat display devices may be classified into light-
emitting type display devices and light-receiving type dis-
play devices. The light-emitting type display devices include
flat cathode ray tubes (FCRTs), plasma display panels
(PDPs), and organic light emitting displays (OLEDs). Such
an OLED is an emissive display device and has a wide
viewing angle, excellent contrast, and a fast response speed.
[0004] Accordingly, when the OLED is applied to displays
for a mobile device such as a digital camera, a video camera,
a portable information terminal, a smart phone, an ultra slim
notebook computer, a tablet personal computer, and a flex-
ible display device or large scale electrical/electronic prod-
ucts such as an ultra thin television, it receives much
attention.

[0005] The OLED may realize colors by using a principle
in which holes and electrons, which are respectively injected
into first and second electrodes, are recombined with each
other to emit light. That is, when excitons in which the
injected holes and electrons are combined with each other
return from an excited state to a ground state, light may be
emitted.

[0006] The OLEDs are being developed in various struc-
tures. Among the structures, a tandem structure in which
each of layers between a first electrode and a second
electrode are deposited without using a mask becoming
mote popular.

SUMMARY

[0007] Embodiments are directed to an organic electrolu-
minescence display device including a first electrode, a first
light emitter on the first electrode, the first light emitter
including a first light emitting layer, a first charge generation
layer disposed on the first light emitter, a second light
emitter on the first charge generation layer, the second light
emitter including a second light emitting layer, and a second
electrode on the second light emitter. The first light emitter
includes a first electron injection enhancing layer on the first
light emitting layer. The second light emitter includes an
electron injection suppressing layer on the second light
emitting layer, the electron injection suppressing layer hav-
ing electron mobility less than that of the first electron
injection enhancing layer.

[0008] Each of the first electron injection enhancing layer
and the electron injection suppressing layer may include
Liq, LiF, Li,0, CsF, BaF, BaO, Al,O,, NaCl, RbCl, or Rbl,
and an electron transport material. A ratio of the Lig, LiF,
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Li,0, CsF, BaF, BaO, Al,O,, NaCl, RbCl, or RbI to the
electron transport material in the first electron injection
enhancing layer may be about 5:5 to about 7:3. A ratio of the
Liq, LiF, Li,0, CsF, BaF, BaO, Al,O,, NaCl, RbCl, or RbI
to the electron transport material in the electron injection
suppressing layer is about 4:6 to about 2:8.

[0009] The electron transport material may include an
N-containing heterocyclic compound.

[0010] A number of ring formation nitrogen atoms of the
N-containing heterocyclic compound contained in the elec-
tron injection suppressing layer may be less than a number
of ring formation nitrogen atoms of the N-containing het-
erocyclic compound contained in the first electron injection
enhancing layer.

[0011] The N-containing heterocyclic compound con-
tained in the electron injection suppressing layer may
include one ring formation nitrogen atom. The N-containing
heterocyclic compound contained in the first electron injec-
tion enhancing layer may include three ring formation
nitrogen atoms.

[0012] Each of the first electron injection enhancing layer
and the electron injection suppressing layer may include Lig
and the electron transport material.

[0013] The organic electroluminescence display device
may further include a second charge generation layer
between the first charge generation layer and the second
light emitter, and a third light emitter between the first
charge generation layer and the second charge generation
layer and comprising a third light emitting layer. The third
light emitter may be on the third light emitting layer and may
include a second electron injection enhancing layer having
electron mobility greater than that of the electron injection
suppressing layer.

[0014] The second electron injection enhancing layer may
include Liq, LiF, Li,0, CsE, BaF, BaO, Al,O;, NaCl, RbCl,
or Rbl, and an electron transport material. A ratio of the Liq,
LiF, Li,0, CsF, BaF, BaO, Al,0,, NaCl, RbCl, or Rbl to the
electron transport material of the second electron injection
enhancing layer may be about 5:5 to about 7:3.

[0015] The electron transport material may include an
N-containing heterocyclic compound including three ring
formation nitrogen atoms.

[0016] Two light emitting layers of the first, second, and
third light emitting layers may include blue light emitting
layers that emit blue light. A remaining one of the first,
second, and third light emitting layers may include a light
emitting layer that emits white light by being mixed with the
blue light.

[0017] The second light emitting layer and the third light
emitting layer may include the blue light emitting layers that
emit the blue light. The first light emitting layer may include
the light emitting layer that emits the white light by being
mixed with the blue light.

[0018] Two light emitting layers of the first, second, and
third light emitting layers may include blue light emitting
layers that emit blue light, and a remaining one of the first,
second, and third light emitting layers may include a yellow
light emitting layer that emits yellow light.

[0019] Two light emitting layers of the first, second, and
third light emitting layers may include blue light emitting
layers that emit blue light, and a remaining one of first,
second, and third light emitting layers includes a first sub
light emitting layer and a second sub light emitting layer.
One of the first and second sub light emitting layers may
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include a red light emitting layer that emits red light, and
another one of the first and second sub light emitting layers
may include a green light emitting layer that emits green
light.

[0020] The organic electroluminescence display device
may further include a color filter spaced apart from the
second electrode.

[0021] Each of the first, second, and third light emitting
layers may include a blue light emitting layer that emits blue
light.

[0022] The first light emitting layer may emit a first blue
light having a first wavelength band. The second light
emitting layer may emit a second blue light having a second
wavelength band. The third light emitting layer may emit a
third blue light having a third wavelength band.

[0023] Peak wavelengths of the first, second, and third
wavelength bands may be different from each other.
[0024] The organic electroluminescence display device
may include a color conversion layer spaced apart from the
second electrode.

[0025] The color conversion layer may include a resin
layer and a color conversion material contained in the resin
layer. The color conversion material may include at least one
of an inorganic phosphor, an organic phosphor, a quantum
dot, and an organic dye.

[0026] The first electrode may include a reflective elec-
trode or a transflective electrode. The second electrode may
include a transmissive electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

[0028] FIG. 1 illustrates a schematic perspective view of
an organic electroluminescence display device according to
an embodiment;

[0029] FIG. 2 illustrates a circuit view of one of sub pixels
provided in the organic electroluminescence display device
according to an embodiment;

[0030] FIG. 3 illustrates a plan view of one of the sub
pixels provided in the organic electroluminescence display
device according to an embodiment;

[0031] FIG. 4 illustrates a schematic cross-sectional view
taken along line I-I' of FIG. 3;

[0032] FIG. 5 illustrates a schematic cross-sectional view
of an organic electroluminescence element provided in the
organic electroluminescence display device according to an
embodiment;

[0033] FIG. 6 illustrates a schematic cross-sectional view
of an organic electroluminescence element provided in the
organic electroluminescence display device according to an
embodiment;

[0034] FIG. 7 illustrates a schematic cross-sectional view
of an organic electroluminescence element provided in the
organic electroluminescence display device according to an
embodiment;

[0035] FIG. 8 illustrates a schematic plan view illustrating
one of pixels provided in the organic electroluminescence
display device according to an embodiment;

[0036] FIG. 9 illustrates a schematic cross-sectional view
taken along line II-IT' of FIG. 8;

[0037] FIG. 10 illustrates a detailed cross-sectional view
of a color filter of FIG. 9;
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[0038] FIG. 11 illustrates a schematic cross-sectional view
taken along line II-II' of FIG. §;

[0039] FIG. 12 illustrates a detailed cross-sectional view
of a color conversion layer of FIG. 11;

[0040] FIG. 13 illustrates a detailed cross-sectional view
of the color conversion layer of FIG. 11; and

[0041] FIG. 14 illustrates a graph illustrating a variation in
emission lifespan depending on a driving time of each of
organic electroluminescence display devices according to
Embodiment 1 and Comparative Example 1.

DETAILED DESCRIPTION

[0042] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the
art.

[0043] In the drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration. It
will also be understood that when a layer or element is
referred to as being “on” another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers
may also be present. Further, it will be understood that when
a layer is referred to as being “between” two layers, it can
be the only layer between the two layers, or one or more
intervening layers may also be present. Like reference
numerals refer to like elements throughout.

[0044] Hereinafter, an organic electroluminescence dis-
play device according to an embodiment will be described.
[0045] FIG. 1 illustrates a schematic perspective view of
an organic electroluminescence display device according to
an embodiment.

[0046] Referring to FIG. 1, an organic electrolumines-
cence display device 10 according to an embodiment may
include a display area DA and a non-display area NDA. An
image may be displayed on the display area DA. When
viewed in a thickness direction (e.g., a direction DR4) of the
organic electroluminescence display device 10, the display
area DA may have, for example, an approximately rectan-
gular shape.

[0047] The display area DA may include a plurality of
pixel areas PA. The plurality of pixel areas PA may be
arrayed in a matrix form. A plurality of pixels PX may be
disposed on the plurality of pixel areas PA. Each of the
pixels PX may include an organic electroluminescence
element (see reference symbol OEL of FIG. 2). Each of the
pixels PX may include a plurality of sub pixels SPX. The sub
pixels SPX will be described below.

[0048] An image is not displayed on the non-display area
NDA. When viewed in the thickness direction DR4 of the
organic electroluminescence display device 10, the non-
display area NDA may, for example, surround the display
area DA. The non-display area NDA may be adjacent to the
display area DA in a first direction DR1 and a second
direction DR2. The second direction DR2 crosses each of
the first and third direction DR1 and DR3.

[0049] FIG. 2 illustrates a circuit view of one of the sub
pixels provided in the organic electroluminescence display
device according to an embodiment. FIG. 3 illustrates a plan
view of one of the sub pixels provided in the organic
electroluminescence display device according to an embodi-
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ment. FIG. 4 illustrates a schematic cross-sectional view
taken along line I-I' of FIG. 3.

[0050] Referring to FIGS. 2 to 4, each of the sub pixels
SPX may be connected to a line part constituted by a gate
line GL, a data line DL, and a driving voltage line DVL.
Each of the sub pixels SPX may include thin film transistors
TFT1 and TFT2 connected to the line part, the organic
electroluminescence element (OEL) connected to the thin
film transistors TFT1 and TFT2, and a capacitor Cst. The
organic electroluminescence element OEL will be described
below in detail.

[0051] The gate line GL may extend in the first direction
DR1. The data line DL may extend in the second direction
DR2 that crosses the gate line GL. The driving voltage line
DVL may extend in the substantially same direction as the
data line DL, for example in the second direction DR2. The
gate line GL may transmit a scanning signal to the thin film
transistors TFT1 and TFT2. The data line DL may transmit
a data signal to the thin film transistors TFT1 and TFT2. The
driving voltage line DVL may provide a driving voltage to
the thin film transistors TFT1 and TFT2.

[0052] The thin film transistors TFT1 and TFT2 may
include a driving thin film transistor TFT2 to control the
organic electroluminescence element OFL and a switching
thin film transistor TFT1 to switch the driving thin film
transistor TFT2. In an implementation, each of the sub pixels
SPX may include the two thin film transistors TFT1 and
TFT2. In some implementations, each of the sub pixels SPX
may include one thin film transistor and capacitor or include
at least three thin film transistors and at least two capacitors.
[0053] The switching thin film transistor TFT1 may
include a first gate electrode GE1, a first source electrode
SE1, and a first drain electrode DE1. The first gate electrode
GE1 may be connected to the gate line GL, and the first
source electrode SE1 may be connected to the data line DL.
The first drain electrode DE1 may be connected to a first
common electrode CE1 by a fifth contact hole CH5. The
switching thin film transistor TFT1 may transmit the data
signal applied to the data line DL to the driving thin film
transistor TFT2 according to the scanning signal applied to
the gate line GL.

[0054] The driving thin film transistor TFT2 may include
a second gate electrode GE2, a second source electrode SE2,
and a second drain electrode DE2. The second gate electrode
GE2 may be connected to the first common electrode CE1.
The second source electrode SE2 may be connected to the
driving voltage line DVL. The second drain electrode DE2
may be connected to the first electrode EL1 by a third
contact hole CH3.

[0055] The capacitor Cst may be connected between the
second gate electrode GE2 and the second source electrode
SE2 of the driving thin film transistor TFT2 to charge and
maintain the data signal inputted to the second gate electrode
GE2 of the driving thin film transistor TFT2. The capacitor
Cst may include the first common electrode CE1 connected
to the first drain electrode DE1 by a sixth contact hole CH6
and a second common electrode CE2 connected to the
driving voltage line DVL.

[0056] The organic electroluminescence display device 10
according to an embodiment may include a base substrate
BS on which the thin film transistors TFT1 and TFT2 and the
organic electroluminescence element OEL are laminated.
The base substrate BS may be a suitable material for forming
the base substrate BS. For example, the base substrate BS
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may be made of an insulating material such as glass, plastic,
or crystal. An organic polymer for forming the base substrate
BS may include polyethylene terephthalate (PET), polyeth-
vlene naphthalate (PEN), polyimide, or polyether sulfone.
The base substrate BS may be suitably selected in consid-
eration of mechanical strength, thermal stability, transpar-
ency, surface roughness, tractability, waterproofing property,
or the like.

[0057] A substrate buffer layer may be disposed on the
base substrate BS. The substrate buffer layer may prevent
impurities from being diffused into the switching thin film
transistor TFT1 and the driving thin film transistor TFT2.
The substrate buffer layer may be made of SiNx, SiOx, or
SiOxNy. The substrate buffer layer may be omitted accord-
ing to the material and process conditions of the base
substrate BS.

[0058] A first semiconductor layer SM1 and a second
semiconductor layer SM2 may be disposed on the base
substrate BS. Each of the first and second semiconductor
layers SM1 and SM2 may be made of a semiconductor
material. The first and second semiconductor layers SM1
and SM2 may function as active layers of the switching and
driving thin film transistors TFT1 and TFT2, respectively.
Each of the first and second semiconductor layers SM1 and
SM2 may include a source area SA, a drain area DRA, and
a channel area CA disposed between the source area SA and
the drain area DRA. Each of the first and second semicon-
ductor layers SM1 and SM2 may be made of an inorganic
semiconductor material or an organic semiconductor mate-
rial. The source area SA and the drain area DRA may be
doped with n-type impurities or p-type impurities.

[0059] A gate insulation layer GI may be disposed on the
first and second semiconductor layers SM1 and SM2. The
gate insulation layer GI may cover the first and second
semiconductor layers SM1 and SM2. The gate insulation
layer GI may be formed of an organic insulation material or
an inorganic insulation material.

[0060] The first and second gate electrodes GE1 and GE2
may be disposed on the gate insulation layer GI. Each of the
first and second gate electrodes GE1 and GE2 may cover an
area corresponding to the channel area CA of each of the first
and second semiconductor layers SM1 and SM2.

[0061] An interlayer insulation layer IL. may be disposed
on the first and second gate electrodes GE1 and GE2. The
interlayer dielectric IT may cover the first and second gate
electrodes GE1 and GE2. The interlayer dielectric IL may be
made of an organic insulating material or inorganic insulat-
ing material.

[0062] The first source and drain electrodes SE1 and DE1
and the second source and drain electrodes SE2 and DE2
may be disposed on the interlayer dielectric IL. The second
drain electrode DE2 may contact the drain area DRA of the
second semiconductor layer SM2 by way of a first contact
hole CH1 defined in the gate insulation layer GI and the
interlayer dielectric IL. The second source electrode SE2
may contact the source area SA of the second semiconductor
layer SM2 by way of a second contact hole CH2 defined in
the gate insulation layer GI and the interlayer dielectric IL.
The first source electrode SE1 may contact a source area of
the first semiconductor layer SM1 by way of a fourth contact
hole CH4 defined in the gate insulation layer GI and the
interlayer dielectric IL, and the first drain electrode DE1
may contact a drain area of the first semiconductor layer
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SM1 by way of a fifth contact hole CH5 defined in the gate
insulation layer GI and the interlayer dielectric IL.

[0063] A passivation layer PL. may be disposed on the first
source and drain electrodes SE1 and DE1 and the second
source and drain electrodes SE2 and DE2. The passivation
layer PL. may function as a protection layer to protect the
switching thin film transistor TFT1 and the driving thin film
transistor TFT 2 and also 10 function as a planarization layer
to planarize top surfaces of the switching thin film transistor
TFT1 and the driving thin film transistor TFT 2.

[0064] The organic electroluminescence element OEL
may be disposed on the passivation layer PL. The organic
electroluminescence element OEL may include a first elec-
trode EL1, a second electrode EL2 disposed on the first
electrode EL1, and an organic layer OL including at least
1-layered organic layers disposed between the first electrode
EL1 and the second electrode EL2.

[0065] The first electrode EL1 may be disposed on the
passivation layer PL, and a pixel defining layer PDL may be
disposed on the passivation layer PL and the first electrode
EL1. The pixel defining layer PDL may expose a portion of
a top surface of the first electrode EL1. The pixel defining
layer PDL may include, for example, a metal-fluorine ion
compound. The pixel defining layer PDL, may be made of,
for example, a metal-fluorine ion compound of LiF, BaF,,
and CsF. If the metal-fluorine ion compound may have a
predetermined thickness. The metal-fluorine ion compound
may have an insulating property.

[0066] The organic layer OL and the second electrode EL2
may be successively laminated on the pixel defining layer
PDL and the first electrode EL1.

[0067] The first electrode ELL1 may be, for example, a
positive electrode. The first electrode EL1 may be connected
to the second drain electrode DE2 of the driving thin film
transistor TFT2 through the third contact hole CH3 defined
in the passivation layer PL.

[0068] FIG. 5 illustrates a schematic cross-sectional view
of an organic electroluminescence element provided in the
organic electroluminescence display device according to an
embodiment.

[0069] FIG. 5 illustrates a schematic cross-sectional view
of the organic electroluminescence element OEL.

[0070] As described above, the organic electrolumines-
cence element OEL provided in the organic electrolumines-
cence display device 10 according to an embodiment may
include an organic layer (see reference symbol OL of FIG.
4) including at least 1-layered organic layers between the
first and second electrodes EL1 and EL2, which face each
other. For example, the organic electroluminescence element
OEL may include first light emitter EU1 and second light
emitter EU2 between the first and second electrodes EL1
and EL2, which face each other. A first charge generation
layer CGL1 may be disposed between the first and second
light emitters EU1 and EU2.

[0071] The first light emitter EU1, the first charge genera-
tion layer CGL1, and the second light emitter EU2 may be
successively disposed in the third direction DR3 from the
first electrode EL1 to the second electrode EL2.

[0072] The first electrode EL1 may have conductivity. The
first electrode EL1 may be a pixel electrode or positive
electrode. The first electrode EL.1 may be a transmissive
electrode, a transflective electrode, or a reflective electrode.
When the first electrode EL1 is the transmissive electrode,
the first electrode EL1 may include a transparent metal
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oxide, for example, indium tin oxide (ITO), indium zinc
oxide (IZ0), zinc oxide (ZnO), or indium tin zinc oxide
(ITZO). When the first electrode EL1 is the transflective or
reflective electrode, the first electrode EL1 may include Ag,
Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or a metal mixture.
[0073] The second electrode EL.2 may be a common
electrode or a negative electrode. The second electrode EL2
may be a transmissive electrode, a transflective electrode, or
a reflective electrode.

[0074] When the second electrode EL2 is the transmissive
electrode, the second electrode EL2 may include Li, Ca,
LiF/Ca, LiF/Al, Al, Mg, BaF, Ag or a compound or mixture
(e.g., a mixture of Ag and Mg) thereof. In some implemen-
tations, the second electrode EL2 may include indium tin
oxide (ITO), indium zinc oxide (IZO), or indium tin zinc
oxide (ITZ0).

[0075] The second electrode EL. may be connected to an
auxiliary electrode. A suitable material for forming the
auxiliary electrode may be used. For example, the auxiliary
electrode may include Li, Ca, LiF/Ca, LiF/Al, Al, Mg, BaF,
Ag or a compound or mixture (e.g., a mixture of Ag and Mg)
thereof. The auxiliary electrode may include, for example,
indium tin oxide (ITO), indium zinc oxide (1Z0), or indium
tin zinc oxide (ITZO). The auxiliary electrode may be
connected to the second electrode EL2, for example, to
reduce a resistance value of the second electrode EL2.
[0076] When the second electrode EL2 is the transflective
electrode or the reflective electrode, the second electrode
EL2 may include Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li,
Ca, LiF/Ca, LiF/Al, Mo, Ti, or a compound or mixture (e.g.,
a mixture of Ag and Mg) thereof. In some implementations,
the second electrode EL2 may have a multi-layered structure
including a reflective layer or a transflective layer and a
transparent conductive layer formed of indium tin oxide
(ITO), indium zinc oxide (1ZO), zinc oxide (ZnO), or indium
tin zinc oxide (ITZ0).

[0077] The first electrode EL1 may be a reflective elec-
trode or a transflective electrode, and the second electrode
EL2 may be a transmissive electrode. For example, the
organic electroluminescence display device 10 according to
an embodiment may include a front emitting-type organic
electroluminescence element OEL.

[0078] The first electrode EL1 may include, for example a
first layer including Ag and a second layer disposed on the
first layer and including ITO. The second electrode EL2 may
have, for example, a single-layer structure including a
mixture of Ag and Mg. The first layer including Ag may
reflect light.

[0079] The second light emitter EU2 is disposed most
adjacent to the second electrode EL2 and directly receives
electrons from the second electrode EL2. According more
electrons may be injected into the second light emitter EU2
than are injected into the first light emitter EU1, which is
spaced apart from the second electrode EL2. Although the
first light emitter EU1 receives electrons from the first
charge generation layer CGL1, the first charge generation
layer CGL1 nevertheless receives fewer electrons when
compared to the second electrode EL2.

[0080] The organic electroluminescence element OEL
provided in the organic electroluminescence display device
10 according to an embodiment may provide an electron
injection enhancing layer or an electron injection suppress-
ing layer according to positions of the light emitters EU1 and
EU2.
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[0081] For example, the first light emitter EU1 may
include a first light emitting layer EML1, and the second
light emitter EU2 may include a second light emitting layer
EML2. A first electron injection enhancing layer EIE1 may
be disposed on the first light emitting layer EML1, and the
electron injection suppressing layer FIS may be disposed on
the second light emitting layer EML2. The electron injection
suppressing layer EIS may have a function of injecting
fewer electrons into the second light emitting layer EML.2
than are injected into the first light emitting layer EML1
according to an electron injection function of the first
electron injection enhancing layer EIEL. For example, the
electron injection suppressing layer EIS may have less
electron mobility than the first electron injection enhancing
layer EIEL.

[0082] For example, the electron injection suppressing
layer EIS that suppresses the injection of the electrons may
be disposed on the second light emitter EU2 disposed most
adjacent to the second electrode EL.2, and the first electron
injection enhancing layer EIE1 that enhances the injection of
the electrons may be disposed on the first light emitter EUT,
which is spaced apart from the second electrode EL2.

[0083] Thus, there may be an effect in which emission
lifespans between the light emitters EU1 and EU2 are
balanced by matching electron amounts injected into the
light emitters EU1 and EU2. As a result, when the light
emitters EU1 and EU2 emit light having wavelength bands
different from each other, a color lifespan may be improved.
The term “color lifespan” refers to a lifespan balance
between the different colors of light emitted from the organic
electroluminescence element OEL. Also, there may be an
effect in which the organic electroluminescence element
OEL is improved in efficiency and emission lifespan.

[0084] Each of the first electron injection enhancing layer
EIE1 and the electron injection suppressing layer EIS may
include Liq, LiF, Li,0. CsE, BaF, BaO, Al,O;, NaCl, RbCl,
and RbI, or an electron transport material.

[0085] Each of the first electron injection enhancing layer
EIE1 and the electron injection suppressing layer FIS may
include Liq (e.g., lithium quinolate) and an electron trans-
port material. In some implementations, at least one of the
first electron injection enhancing layer EIE1 and the electron
injection suppressing layer EIS may include LiF and an
electron transport material.

[0086] The Liq, LiF, Li,O, CsF, BaF, BaO, Al,O,, NaCl,
RbCI, or Rbl, and the electron transport material that are
provided in the first electron injection enhancing layer EIE1
may be contained at a ratio of the Liq, LiF, Li,O, CsF, BaF,
BaO, Al,O;, NaCl, RbCl, or RbI to the electron transport
material in a range of 5:5 to 7:3. For example, the Liq, LiF,
Li,0, CsF, BaF, BaO, Al,0,, NaCl, RbCl, or RbI that is
provided in the first electron injection enhancing layer EIE1
may be contained in an amount of about 30% to about 50%
based the total of the Liq, LiF, Li,0O, CsF, BaF, BaO, Al,O;,
NaCl, RbCl, or RbI and the electron transport material.
When the Lig, LiF, Li,O, CsF, BaF, BaO, AL,O,, NaCl,
RbCI, or RbI is contained in an amount of about 30% or
more, the electron injection enhancing effect may be suffi-
cient. When t Liq, LiF, Li,0, CsF, BaF, BaO, Al,O,, NaCl,
RbCI, or RbI is contained in an amount of about 50% or
more, an increase rate of the electron injection enhancing
effect may be sufficient. Furthermore, when the predeter-
mined ratio is not exceeded, the suppression of electron
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injection may be avoided. When the Lig, LiF, Li,O, CsF,
BaF, BaO, Al,0;, NaCl, RbCl, or Rbl includes Lig, the
effect may be maximized.

[0087] The Liq, LiF, Li,O, CsF, BaF, BaO, Al,O,, NaCl,
RbCl, or RbI and the electron transport material that are
provided in the electron injection suppressing layer EIS may
be contained at a ratio of Liq, LiF, Li,O, CsF, BaF, BaO,
AlLO;, NaCl, RbCl, and RbI to the electron transport mate-
rial in a range of 4:6 to 2:8. For example, the Lig, LiF, Li,0,
CsF, BaF, BaO, Al,0;, NaCl, RbCl, or RbI that is provided
in the electron injection suppressing layer EIS may be
contained in an amount of about 60% to about 80% based
the total of the Liq, LiF, L1,0, CsF, BaF, BaO, Al,O,, NaCl,
RbCl, and Rbl and the electron transport material. For
example, the Liq, LiF, Li,0, CsF, BaF, BaO, AlL,O,, NaCl,
RbCI, or RbI may be contained in an amount of about 60%
to about 75%, or. for example, about 60% to about 70%.
When Liq, LiF, Li,0, CsF, BaF, BaO, Al,O,, NaCl, RbCl,
or Rbl is contained at a ratio of about 60% or more, the
electron injection suppressing effect may be sufficient. Fur-
thermore, when the Lig, LiF, Li,0, CsF, BaF, BaO, Al,O;,
NaCl, RbCl, or Rbl is contained in an amount more than the
described ratio, an enhanced electron injection may be
avoided. When the Liq, LiF, Li,O, CsF, BaF, BaO, Al,O;,
NaCl, RbCl, or Rbl is contained in an amount less than about
80%, excessive suppression of the electron injection and
excessive reduction of an amount of electrons injected into
the second light emitter EU2 may be avoided. When the Liq,
LiF, Li,0, CsF, BaF, BaO, Al,O;, NaCl, RbCl, or Rbl
includes Liq, the effect may be maximized.

[0088] The ratio of the Liq, LiF, Li,0, CsF, BaF, BaO,
Al,0,, NaCl, RbCl, or RbI to the electron transport material
may be a volume ratio.

[0089] The electron transport material contained in each of
the first electron injection enhancing layer EIE1 and the
electron injection suppressing layer EIS may include an
N-containing heterocyclic compound. The electron transport
material contained in each of the first electron injection
enhancing layer EIE1 and the electron injection suppressing
layer EIS may be the same or different from each other. The
N-containing heterocyclic compound may further include
hetero atoms in addition to nitrogen. For example, the
N-containing heterocyclic compound may be a cyclic com-
pound including nitrogen and oxygen as hetero atoms.
[0090] The N-containing heterocyclic compound that is
used as the electron transport material may be a suitable
electron transporting N-containing heterocyclic compound.
For example, the N-containing heterocyclic compound may
include a pyridine derivative, a pyrimidine derivative, a
pyrazine derivative, a triazine derivative, a triazole deriva-
tive, a pyridazine derivative, an oxadiazole derivative, a
benzimidazole derivative, a phenanthroline derivative, or a
combination thereof.

[0091] The N-containing heterocyclic compound may
include, for example, at least one kind of compound of the
following compounds.
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H,C CH;

[0092] Forexample, Liof Lig may form a coordinate bond
with an unshared electron pair of nitrogen contained in the
N-containing heterocyclic compound and thus enhance the
electron injection. However, when the amount of Liq is
above about 60%, its own low electron mobility character-
istics of Liq may serve to suppress the electron injection.
Thus, a ratio of the N-containing heterocyclic compound to
Liq may be adjusted to control the electron injection sup-
pression or enhancement.

[0093] The number of ring formation nitrogen atoms of
the N-containing heterocyclic compound contained in the
electron injection suppressing layer EIS may be less than the
number of ring formation nitrogen atoms of the N-contain-
ing heterocyclic compound contained in the first electron
injection enhancing layer EIE1. The N-containing hetero-
cyclic compound contained in the first electron injection
enhancing layer EIE1 may contain more nitrogen than the
N-containing heterocyclic compound contained in the elec-
tron injection suppressing layer EIS. Thus, the possibility of
the coordinate bond between Li of Liq and the unshared
electron pair may increase to efliciently realize the effect of
enhancing the electron injection.

[0094] For example, the N-containing heterocyclic com-
pound contained in the electron injection suppressing layer
EIS may include one ring formation nitrogen atom, and the
N-containing heterocyclic compound contained in the first
electron injection enhancing layer EIE1 may include three
ring formation nitrogen atoms.

[0095] The term “number of ring formation nitrogen
atoms” represents the number of nitrogen of atoms for
forming the ring.

[0096] FIG. 6 illustrates a schematic cross-sectional view
of the organic electroluminescence element provided in the
organic electroluminescence display device according to an
embodiment. FIG. 7 illustrates a schematic cross-sectional
view of the organic electroluminescence element provided
in the organic electroluminescence display device according
to an embodiment.

[0097] Referring to FIGS. 6 and 7. the organic electrolu-
minescence element OEL provided in the organic electrolu-
minescence display device 10 according to an embodiment
may further include a second charge generation layer CGL2
and a third light emitter EU3. Particularly, the organic
electroluminescence element OEL may further include the
second charge generation layer CGL2 disposed between the
first charge generation layer CGL1 and the second light
emitter EU2 and the third light emitter EU3 disposed
between the first charge generation layer CGL1 and the
second charge generation layer CGL2 and including a third
light emitting layer EML3.

[0098] The third light emitter EU3 may include a second
electron injection enhancing layer EIE2 disposed on the
third light emitting layer EML3 and having electron mobil-
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ity greater than that of the electron injection suppressing
layer EIS. For example, the electron injection suppressing
layer EIS may have electron mobility that is less than that of
the first electron injection enhancing layer EIE1 and less
than that of the second electron injection enhancing layer
EIE2.

[0099] The second electron injection enhancing layer
EIE2 may enhance the electron injection to the third light
emitter EU3 to compensate for the distance of the third light
emitter EU3 from the second electrode EL2.

[0100] The second electron injection enhancing layer
EIE2 may include Liq, LiF, Li,O, CsF, BaF, BaO, Al,O,,
NaCl, RbCl, or RbI and an electron transport material. For
example, the second electron injection enhancing layer may
include Liq and an electron transport material.

[0101] The Liq, LiF, Li,O, CsF, BaF, BaO, Al,O,, NaCl,
RbCl, or RbI and the electron transporting material that are
provided in the second electron injection enhancing layer
EIE2 may be contained at a ratio of the Liq, LiF, Li,O, CsF,
BaF, BaO, Al,O,, NaCl, RbCl, or Rbl to the electron
transport material in a range of 5:5 to 7:3. An effect due to
the above-described ratio may be the same as the description
in the above-described first electron injection enhancing
layer EIE1. Accordingly, a description thereof will not be
repeated.

[0102] The descriptions with respect to the electron trans-
port material contained in the second electron injection
enhancing layer EIE2 may be the same as those with respect
to the electron transport material contained in the above-
described first electron injection enhancing layer EIE1. For
example, the electron transport material contained in the
second electron injection enhancing layer EIE2 may be an
N-containing heterocyclic compound and the number of ring
formation nitrogen atoms may be greater than the number of
ring formation nitrogen atoms of the electron transport
material contained in the electron injection suppressing layer
EIS. For example, the second electron injection enhancing
layer EIE2 may include an N-containing heterocyclic com-
pound including three ring formation nitrogen atoms as the
electron transport material. The electron transport materials
contained in the first and second electron injection enhanc-
ing layers EIE1 and EIE2 may be the same.

[0103] Ratios ofthe Liq, LiF, Li, 0O, CsF, BaF, BaO, Al,O,,
NaCl, RbCl, or RbI to the electron transporting materials
that are provided in the first and second electron injection
enhancing layers EIE1 and EIE2 may be the same within the
range that satisfies the ratio of 5:5 to 7:3 or be different from
each other. Referring to FIGS. 5 to 7, the first electron
injection enhancing layer EIE1 may contact the first light
emitting layer EML1. The first light emitter EU1 may
further include a first hole transport region HTR1 between
the first electrode EL1 and the first light emitting layer
EML1. The first hole transport region HTR1 may include at
least one of a hole injection layer and a hole transport layer.
The hole transport region HTR1 may further include at least
one of a hole buffer layer and an electron stop layer. The hole
transport region HTR1 may include a single layer made of
a single material, a single layer made of materials different
from each other, or a multi-layered structure including a
plurality of layers made of materials different from each
other.

[0104] For example, the first hole transport region HTR1
may be a single layer structure formed of a plurality of
different materials or a structure of the hole injection layer/
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the hole transport layer, the hole injection layer/the hole
transport layer/the buffer layer, the hole injection layer/the
hole buffer layer, the hole transport layer/the hole buffer
layer, or the hole injection layer/the hole transport layer/the
electron stop layer, which are successively laminated from
the first electrode EL1.

[0105] The first hole transport region HTR1 may be
formed by using a general method that is known in the
technical fields. For example, the first hole transport region
HTR1 may be formed by using a suitable method such as a
vacuum deposition method, a spin coating method, a casting
method, a Langmuir-Blodgett (LB) method, an inject print-
ing method, a laser printing method, or a laser induced
thermal imaging (LI1TT) method.

[0106] The first electron injection enhancing layer EIE1
may include the electron transport material. Thus, the first
light emitter EU1 need not include a separate electron
transport layer other than the first electron injection enhanc-
ing layer EIE1. For example, only the first electron injection
enhancing layer EIE1 may be disposed between the first
light emitting layer EML1 and the first charge generation
layer CGLI1.

[0107] The second electron injection enhancing layer
EIE2 may contact the third light emitting layer EML3. The
third light emitter EU3 may further include a third hole
transport region HTR3 between the first charge generation
layer CGL1 and the third emitting layer EML3. The descrip-
tions with respect to the first hole transport region HTR1
may be applied to the third hole transport region HTR3.
Accordingly, descriptions thereof will not be repeated.
[0108] The second electron injection enhancing layer
EIE2 may include the electron transport material. Thus, the
third light emitter EU3 need not include a separate electron
transport layer other than the second electron injection
enhancing layer EIE2. For example, only the second elec-
tron injection enhancing layer EIE2 may be disposed
between the third light emitting layer EML3 and the second
charge generation layer CGL2.

[0109] The electron injection suppressing layer EIS may
contact the second light emitting layer EML2. The second
light emitter EU2 may further include a second hole trans-
port region HTR2 between the second charge generation
layer CGL2 and the second emitting layer EML2. The
descriptions with respect to the first hole transport region
HTR1 may be applied to the second hole transport region
HTR2. Accordingly, descriptions thereof will not be
repeated.

[0110] The second light emitter EU2 may further include
an electron transport layer ETL between the second elec-
trode EL2 and the electron injection suppressing layer EIS.
The electron transport layer ETL may be a suitable layer that
is well-known in the technical fields. Since the electron
injection suppressing layer EIS includes the electron trans-
port material, a separate electron transport layer need not be
disposed between the second electrode EL.2 and the electron
injection suppressing layer EIS. In some implementations,
the electron injection layer may be disposed between the
second electrode EL2 and the electron injection suppressing
layer EIS.

[0111] The first, second, and third hole transport regions
HTR1, HTR2, and HTR3 may be the same or different from
each other.

[0112] The first charge generation layer CGL1 may
include an n-type charge generation layer n-CGL1 and a
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p-type charge generation layer p-CGL1. The p-type charge
generation layer p-CGL1 may be disposed on the n-type
charge generation layer n-CGL1.

[0113] The first charge generation layer CGL1 may have
a structure in which the n-type charge generation layer
n-CGL1 and the p-type charge generation layer p-CGL1 are
bonded to each other. The n-type charge generation layer
n-CGL1 may be disposed more adjacent to the first electrode
EL1 than to the second electrode EL2. The p-type charge
generation layer p-CGL1 may be disposed more adjacent to
the second electrode EL2 than to the first electrode EL1. The
n-type charge generation layer n-CGL1 may supply elec-
trons to the first light emitting layer EML1, and the p-type
charge generation layer p-CGL1 may supply holes to the
second light emitting layer EML2 or the third light emitting
layer EML3. A buffer layer may be further disposed between
the n-type charge generation layer n-CGL1 and the p-type
charge generation layer p-CGL1. The first charge generation
layer CGL1 may be disposed between the first light emitter
EU1 and the second light emitter EU2 to provide charges to
each of the light emitting layers, thereby improving light
emitting efficiency and reducing a driving voltage.

[0114] The second charge generation layer CGL2 may
include an n-type charge generation layer n-CGL2 and a
p-type charge generation layer p-CGL2. The second charge
generation layer CGL2 may have a structure in which the
n-type charge generation layer n-CGL2 and the p-type
charge generation layer p-CGL2 are bonded to each other.
The n-type charge generation layer n-CGL2 may supply
electrons to the third light emitting layer EML2, and the
p-type charge generation layer p-CGL2 may supply holes to
the second light emitting layer EML2. A buffer layer may be
further disposed between the n-type charge generation layer
n-CGL2 and the p-type charge generation layer p-CGL2.
The second charge generation layer CGL2 may be disposed
between the second light emitter EU2 and the third light
emitter EU3 to provide charges to each of the light emitting
layers, thereby improving the light emitting efficiency and
reducing the driving voltage.

[0115] Two light emitting layers of the first, second, and
third light emitting layers EML1, EML2, and EML3 may be
blue light emitting layers that emit blue light, and the
remaining one light emitting layer of the first, second, and
third light emitting layers EML1, EML2, and EML3 may be
a light emitting layer that emits white light by being mixed
with the blue light. For example, the organic electrolumi-
nescence element OEL may be a white organic electrolu-
minescence element including two blue light emitters.
[0116] The two blue light emitting layers may emit blue
light having the same wavelength band or blue light having
wavelength bands different from each other. For example,
one of the two blue light emitting layers may emit blue light
having a wavelength band of about 440 nm to about 460 nm,
and the other one of the two blue light emitting layer may
emit blue light having a wavelength band of about 460 nm
to about 490 nm. In some implementations, a portion of the
wavelength bands may overlap each other.

[0117] In general, when the blue light emitting layer emits
light having a short wavelength band, the blue light emitting
layer may have a high light emitting energy level. Thus,
energy that has not participated in the emission could act as
a factor for dissociating organic materials within the light
emitting layers. Thus, the blue light emitting layer may have
a relatively shorter lifespan than a red light emitting layer, a
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green light emitting layer, or a yellow light emitting layer.
Thus, the organic electroluminescence display device 10
according to an embodiment may provide the two blue light
emitters to the organic electroluminescence element OEL to
improve the lifespan limit of the blue light emitting layer.
[0118] Each of the second and third light emitting layers
EML2 and EML3 may be a blue light emitting layer that
emits blue light, and the first light emitting layer EML1 may
be a light emitting layer that emits white light by being
mixed with the blue light. When the second light emitting
layer EML2 that is most adjacent to the second electrode
EL2 is the blue light emitting layer emitting the blue light,
an effect of the placement of the electron injection suppress-
ing layer EIS may be maximized. As described above, if an
amount of electrons injected into the blue light emitting
layer were to be greater than the amount of electrons injected
into each of the red light emitting layer, the green light
emitting layer, and the yellow light emitting layer, a degree
of the reduction of the lifespan may be large.

[0119] In some implementations, two light emitting layers
of the first, second, and third light emitting layers EML1,
EML2, and EML3 may be blue light emitting layers that
emit blue light, and the remaining of the first, second, and
third light emitting layers EML1, EML2, and EML3 may be
a yellow light emitting layer that emits yellow light.
[0120] The organic electroluminescence element OEL
may further include an organic capping layer CPL disposed
on the second electrode EL2.

[0121] Two light emitting layers of the first, second, and
third light emitting layers EML1, EML2, and EML3 may be
blue light emitting layers that emit blue light, and the
remaining one of the first, second, and third light emitting
layers EML1, EML2, and EML3 may include a first sub
light emitting layer EMI.-a and a second sub light emitting
layer EML-b, as illustrated in FIG. 7. One of the first and
second sub light emitting layers EML-a and EML-b may be
a red light emitting layer that emits red light, and the other
one of the first and second sub light emitting layers EML-a
and EML-b may be a green light emitting layer that emits
green light.

[0122] The first sub light emitting layer EML-a and the
second sub light emitting layer EML-b may be successively
laminated in the third direction DR3. The first sub light
emitting layer EML-a and the second sub light emitting
layer EML-b may contact each other. If desired, a layer such
as a buffer layer may be disposed between the first sub light
emitting layer EML-a and the second sub light emitting
layer EML-b.

[0123] FIG. 8 illustrates a schematic plan view of one of
pixels provided in the organic electroluminescence display
device according to an embodiment.

[0124] As described above, the organic electrolumines-
cence display device 100 according to an embodiment may
include a plurality of pixels (see reference symbol PX of
FIG. 1). Referring to FIG. 8, each of the pixels PX includes
a plurality of sub pixels SPX. Each of the sub pixels SPX
may be divided into an emission area and a non-emission
area. For example, each of the pixels PX may include a red
sub pixel R_SPX, a green sub pixel G_SPX, and a blue sub
pixel B_SPX. The red sub pixel R_SPX emits red light, the
green sub pixel G_SPX emits green light, and the blue sub
pixel B_SPX emits blue light.

[0125] In some implementations, the red sub pixel
R_SPX, the green sub pixel G_SPX, and the blue sub pixel
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B_SPX may be successively connected to each other in the
first direction DR1 in FIG. 8. For example, the red sub pixel
R_SPX, the green sub pixel G_SPX, and the blue sub pixel
B_SPX may be successively connected to each other in the
second direction DR2, or the red sub pixel R_SPX, the green
sub pixel G_SPX, and the blue sub pixel B_SPX may be
successively connected to each other in the first direction
DR1 on a plane.

[0126] In this specification, the term “on the plane” may
be understood with reference to the organic electrolumines-
cence display device 10 being viewed in a thickness direc-
tion (e.g., the direction DR4 of FIG. 1).

[0127] In some implementations, the red sub pixel
R_SPX, the green sub pixel G_SPX, and the blue sub pixel
B_SPX may have the same shape and size on the plane in
FIG. 8. In some implementations, the shapes and sizes may
be different from each other.

[0128] Each of the pixels PX may be divided into a red
emission area EAL, a green emission area EA2, and a blue
emission area EA3. The red sub pixel R_SPX may be
divided into a red emission area EA1 and a first non-
emission area. The green sub pixel G_SPX may be divided
into a green emission area EA1 and a second non-emission
area. The blue sub pixel R_BPX is divided into a blue
emission area EA1 and a third non-emission area. The red
emission area FA1, the green emission area EA2, and the
blue emission area EA3 may be successively spaced apart
from each other on the plane in the first direction. Each of
the red emission area EA1, the green emission area EA2, and
the blue emission area EA3 may have a rectangular shape
having a length in the third direction DR3 that is greater than
alength in the first direction DR1. In some implementations,
the red emission area EA1, the green emission area EA2, and
the blue emission area EA3 may have shapes other than that
illustrated in FIG. 7.

[0129] FIG. 9 illustrates a schematic cross-sectional view
taken along line II-IT' of FIG. 8.

[0130] Referring to FIGS. 8 and 9, the emission areas
EAl, EA2, and EA3 and the non-emission areas NEAI,
NEA2, and NEA3 of each of the pixels PX may be defined
by a pixel defining layer PDL.

[0131] The first electrode EL1 may include a first sub
electrode 110 disposed on the red emission area EA1, a
second sub electrode 120 disposed on the green emission
area EA2, and a third sub electrode 130 disposed on the blue
emission area EA3. The first sub electrode 110, the second
sub electrode 120, and the third sub electrode 130 may be,
for example, spaced apart from each other in the first
direction DR1.

[0132] The first light emitter EU1, the first charge genera-
tion layer CGL1, the second light emitter EU2, and the
second electrode EL.2 may be commonly disposed on the red
emission area FEAl, the green emission area EA2, and the
blue emission area EA3. For example, the first light emitter
EUL, the first charge generation layer CGL1, the second
light emitter EU2, and the second electrode EL2 may be
commonly disposed on the red emission area EA1, the first
non-emission area NEA1, the green emission area EA2, the
second non-emission area NEA2, the blue emission area
EA3, and the third non-emission area NEA3. When the
second charge generation layer CGL2 further includes the
third light emitter EU3, the second charge generation layer
CGL2 and the third light emitter EU2 may also be com-
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monly disposed on the red emission area EA1, the green
emission area EA2, and the blue emission area EA3.
[0133] The organic electroluminescence display device 10
according to an embodiment may include a color filter CF
disposed on the organic electroluminescence element OEL.
The color filter CF may be disposed to be spaced apart from
the organic electroluminescence element OEL in the third
direction DR3. The color filter CF may be disposed to be
spaced apart from the second electrode EL2 of the organic
electroluminescence element OEL.

[0134] As described above, the organic electrolumines-
cence element OEL may be a white organic electrolumines-
cence element. The organic electroluminescence display
device 10 according to an embodiment may realize full
colors when the white light emitted from the organic elec-
troluminescence element OEL passes through the color filter
CF.

[0135] FIG. 10 illustrates a detailed cross-sectional view
of the color filter of FIG. 9.

[0136] Referring to FIGS. 8 to 10, the color filter CF may
include a color filter substrate CF-SUB and a plurality of sub
color filters R-CF, G-CF, and B-CF disposed on a bottom
surface of the color filter substrate CF-SUB. The bottom
surface of the color filter substrate CF-SUB may be more
adjacent to the organic electroluminescence device OEL
than is a top surface of the color filter substrate CF-SUB.
[0137] The bottom surface of the color filter substrate
CF-SUB may include the red sub color filter R-CF through
which only the red light of the white light emitted from the
organic electroluminescence device OEL passes, the green
sub color filter G-CF through which only the green light of
the white light passes, and the blue sub color filter B-CF
through which only the blue light of the white light passes.
The red sub color filter R-CF may be disposed to correspond
to the red emission area EA1, the green sub color filter G-CF
may be disposed to correspond to the green emission area
EA2, and the blue sub color filter B-CF may be disposed to
correspond to the blue emission area EA3. A black matrix
BM may be disposed between the plurality of sub color
filters R-CF, G-CF, and B-CF.

[0138] The organic electroluminescence element OEL
may be a blue organic electroluminescence element that
emits blue light. For example, each of the first light emitting
layer EML1 and the second light emitting layer EML.2 may
be a blue light emitting layer that emits blue light. When the
organic electroluminescence element OEL further includes
the third light emitter EU3, for example, each of the first,
second, and third light emitting layers EML1, EML2, and
EML3 may be a blue light emitting layer that emits blue
light.

[0139] The first light emitting layer EML1 may emit first
blue light having a first wavelength band, the second light
emitting layer EML2 may emit second blue light having a
second wavelength band, and the third light emitting layer
EML3 may emit third blue light having a third wavelength
band. The first, second, and third wavelength bands may be
the same or different from each other. For example, the first,
second, and third wavelength bands may have peak wave-
lengths different from each other, respectively.

[0140] For example, one of the first, second, and third
wavelength bands may range of about 440 nm to about 460
nm, one of the remaining two wavelength bands may range
of about 460 nm to about 470 nm, and the other wavelength
band may range of about 470 nm to about 480 nm. In some
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implementations, the first and second wavelength bands may
partially overlap each other. For example, all the first and
second wavelength bands may have a wavelength of about
460 nm. The second and third wavelength bands may also
partially overlap each other. For example, all the second and
third wavelength bands may have a wavelength of about 470
nm. The first and third wavelength bands may not partially
overlap each other.

[0141] When third light emitting layers that emit blue light
having wavelength bands different from each other are
disposed, a blue light emitting peak may be more broadly
distributed when compared to an organic electrolumines-
cence device including only the blue light emitting layer that
emits the blue light having a single wavelength band.
Accordingly, color visibility at a side viewing angle may be
improved.

[0142] FIG. 11 illustrates a schematic cross-sectional view
taken along line II-IT' of FIG. 8.

[0143] Referring to FIGS. 8 and 11, the organic electrolu-
minescence display device 10 according to an embodiment
may further include a color conversion layer CCL disposed
on the organic electroluminescence element OEL. The color
conversion layer CCL may be disposed to be spaced apart
from the organic electroluminescence element OEL in the
third direction DR3. The color conversion layer CCL may be
disposed to be spaced apart from the second electrode FI1.2
of the organic electroluminescence element OEL.

[0144] As described above, the organic electrolumines-
cence element OEL may be the blue organic electrolumi-
nescence element. The organic electroluminescence display
device 10 according to an embodiment may realize full
colors when the blue light emitted from the organic elec-
troluminescence element OEL passes through the color
conversion layer CCL.

[0145] FIG. 12 illustrate detailed cross-sectional views of
the color conversion layer of FIG. 11 according to embodi-
ments.

[0146] Referring to FIGS. 12 and 13, the color conversion
layer CCL may include resin layers RE1, RE2, and RE3 and
color conversion materials CCM1 and CCM2. The color
conversion materials CCM1 and CCM2 may be contained in
the resin layers RE1, RE2, and RE3. The color conversion
materials CCM1 and CCM2 may be dispersed in the resin
layers RE1, RE2, and RE3. Each of the resin layers RE1,
RE2, and RE3 may be a transmissive adhesion material.
Each of the resin layers RE1, RE2, and RE3 may have
elasticity to provide secure durability. Fach of the resin
layers RE1, RE2, and RE3 may use a material that does not
absorb blue light. Examples of the resin layers RE1, RE2,
and RE3 may include epoxy, silicon, acrylic-based polymer,
a carbonate-based polymer, or a mixture thereof. In some
implementations, the color conversion layer CCL may be a
layer formed by dispersing the color conversion materials
CCM1 and CCM2 in an organic solution.

[0147] The resin layers RE1, RE2, and RE3 may be
disposed on the red emission area EA1, the green emission
area EA2, and the blue emission area EA3, respectively. The
resin layer RE may include a first resin layer RE1 disposed
on the red emission area EA1, a second resin layer RE2
disposed on the green emission area EA2, and a third resin
layer RE3 disposed on the blue emission area EA3. The first,
second, and third rein layers RE1, RE2, and RE3 may be the
same or different from each other. A black matrix may be
disposed between the resin layers RE1, RE2, and RE3.
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[0148] In some implementations, the resin layers REI1,
RE2, and RE3 may not be disposed on the first, second, and
third non-emission areas NEA1, NEA2, and NEA3. In some
implementations, a portion of the resin layers RE1, RE2, and
RE3 may be disposed on at least a portion of the first,
second, and third non-emission areas NEA1, NEA2, and
NEA3.

[0149] The color conversion layer CCL, may include a
color conversion layer substrate CCL-SUB. The resin layers
RE1, RE2, and RE3 may be disposed on a bottom surface of
the color conversion layer substrate CCL-SUB. The bottom
surface of the color conversion layer substrate CCL-SUB
may be more adjacent to the organic electroluminescent
device OEL than is a top surface of the color conversion
layer substrate CCL-SUB.

[0150] The color conversion layer substrate CCL-SUB
may be a transparent substrate, for example, a glass sub-
strate. The color conversion layer substrate CCL-SUB may
be commonly disposed on the red emission area EA1, the
first non-emission area NEA1, the green emission area EA2,
the second non-emission area NEA2, the blue emission area
EA3, and the third non-emission area NEA3.

[0151] The color conversion layer CCL may include a first
color conversion material CCM1 disposed in the red emis-
sion area EAl and a second color conversion material
CCM2 disposed in the green emission area EA2. The first
color conversion material CCM1 may be dispersed in the
first resin layer RE1. The second color conversion material
CCM2 may be dispersed in the second resin layer RE2.
[0152] The color conversion materials CCM1 and CCM2
may convert a wavelength of the blue light emitted from the
blue organic electroluminescence element OEL. Each of the
first and second color conversion materials CCM1 and
CCM2 may include at least one of an inorganic phosphor, an
organic phosphor, a quantum dot, and an organic dye.
[0153] In some implementations, the color conversion
material may not disposed on the blue emission area EA3.
Thus, the blue light emitted from the blue organic electrolu-
minescence element OEL may be emitted as it is without
being converted. Only the third resin layer RE3 in which the
color conversion material is not provided may be disposed
on the blue emission area EA3. In some implementations,
the color conversion layer CCL may further include a
scattering layer SL disposed in the blue emission area EA3.
The scattering layer SL may scatter the blue light emitted
from the blue organic electroluminescence element OEL
such that an emission peak of the blue light is more broadly
distributed. The scattering layer SL. may be disposed at a
level in which intensity of the blue light is not significantly
lowered. When the emission peak of the blue light is not
broadened to a desired level, the scattering layer S may be
disposed to more broadly distribute the emission peak of the
blue light.

[0154] The scattering layer SL may include the third resin
layer RE3 and a scattering material SM contained in the
third resin layer RE3. The scattering material SM may be
dispersed in the third resin layer RE3. The third resin layer
RE3 may be the same as the first resin layer RE1 disposed
on the red emission area EA1 and the second resin layer RE2
disposed on the green emission area EA2. The scattering
material SM may be a suitable scattering material. Examples
of the scattering material SM may include titanium oxide
(Ti0,), zirconium oxide (Zr0,), zinc oxide (Zn0O), or alu-
minum oxide (Al,0;).
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[0155] 1In the organic electroluminescence display device
10 according to an embodiment, the electron injection
suppressing layer EIS may be disposed on the second light
emitter EU3 that is disposed adjacent to the second electrode
EL2, and the electron injection enhancing layer EIE1 may be
disposed on the first light emitter EU1 that is disposed to be
spaced apart from the second electrode EL2 to reduce an
imbalance in amount of electrons injected between the light
emitters EU1 and EU2. As a result, a balance in emission
lifespan of the light emitters EU1 and EU2 may be realized,
and thus, a color lifespan and efficiency of the organic
electroluminescence display device 10 may be improved.
Also, an emission lifespan of the organic electrolumines-
cence element OEL may be improved.

[0156] The following Examples and Comparative
Examples are provided in order to highlight characteristics
of one or more embodiments, but it will be understood that
the Examples and Comparative Examples are not to be
construed as limiting the scope of the embodiments, nor are
the Comparative Examples to be construed as being outside
the scope of the embodiments. Further, it will be understood
that the embodiments are not limited to the particular details
described in the Examples and Comparative Examples.

Example 1

[0157] An organic electroluminescence display device, in
which a first electrode, a first light emitter, a first charge
generation layer, a third light emitter, a second charge
generation layer, a second light emitter, and a second elec-
trode were successively laminated, according to an embodi-
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Comparison Example 2

[0161] Incomparison Example 2, the ratios of the electron
transport material to Liq in the first electron injection
enhancing layer, the second electron injection enhancing
layer, and the electron transport suppressing layer were all
about 5:5

Experimental Example 1

[0162] A variation in emission life depending on a driving
time of each of organic electroluminescence display devices
according to Embodiment 1 and Comparison Example 1 was
illustrated as a graph of FIG. 14. A reference symbol L0 of
FIG. 14 represents an initial brightness value, and a refer-
ence symbol L represents a brightness value according to a
driving time. Referring to FIG. 14, it may be seen that the
organic electroluminescence display device according to the
embodiment showed a superior emission lifespan.

Experimental Example 2

[0163] The ratio of the electron transport material and Liq
that were contained in at least one of the first electron
injection enhancing layer, the second electron injection
enhancing layer, and the electron injection suppressing layer
in Embodiment 1, were changed to manufacture organic
electroluminescence display devices according to Compari-
son Examples 1 and 2. Efficiency according to Embodiment
1 and Comparison Examples 1 and 2 was illustrated in Table
1 below.

TABLE 1

Ratio of electron
transport material to Liq  transport material to Lig
in first electron

Ratio of electron
Ratio of electron

in second electron transport material to Lig

injection enhancing injection enhancing in electron injection  Efficiency
layer layer suppressing layer (Cd/A)
Embodiment 1 55 55 37 67.8
Comparison 55 55 515 73.7
Example 2
Comparison 37 37 37 74.0
Example 3

ment was manufactured. Each of the a first electron injection
enhancing layer, a second electron injection enhancing layer,
and an electron injection suppressing layer was formed to
contain an electron transport material and Liq.

[0158] A ratio of the electron transport material to Liq in
the first electron injection enhancing layer was about 5:5. A
ratio of the electron transport material to Liq in the second
electron injection enhancing layer was about 5:5. A ratio of
the electron transport material to Liq in the electron injection
suppressing layer was about 3:7.

[0159] The electron transport materials contained in the
first electron injection enhancing layer, the second electron
injection enhancing layer, and the electron injection sup-
pressing layer were the same.

Comparison Example 1

[0160] Comparison Example 1 was the same as Embodi-
ment 1 except that the ratio of the electron transport material
to Liq in the electron injection suppressing layer was about
5:5.

[0164] In Table 1, it is seen that the organic electrolumi-
nescence display device according to the embodiment is
improved in efficiency.

[0165] In the organic electroluminescence device accord-
ing to the embodiment, the color lifespan may be improved.
[0166] In the organic electroluminescence display device
according to the embodiment, the efficiency may be
improved.

[0167] In the organic electroluminescence display device
according to the embodiment, the emission lifespan may be
improved.

[0168] Although the embodiment is described with refer-
ence to the accompanying drawings, those with ordinary
skill in the technical field pertains will be understood that the
present disclosure can be carried out in other specific forms
without changing the technical idea or essential features.
Thus, the above-disclosed embodiments are to be considered
illustrative and not restrictive.

[0169] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
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are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope as
set forth in the following claims.

What is claimed is:

1. An organic electroluminescence display device, com-
prising:

a first electrode;

a first light emitter on the first electrode, the first light

emitter including a first light emitting layer;

a first charge generation layer disposed on the first light
emitter;

a second light emitter on the first charge generation layer,
the second light emitter including a second light emit-
ting layer; and

a second electrode on the second light emitter,

wherein the first light emitter includes a first electron
injection enhancing layer on the first light emitting
layer, and

the second light emitter includes an electron injection
suppressing layer on the second light emitting layer, the
electron injection suppressing layer having electron
mobility less than that of the first electron injection
enhancing layer.

2. The organic electroluminescence display device as

claimed in claim 1, wherein:

each of the first electron injection enhancing layer and the
electron injection suppressing layer includes Lig, LiF,
Li,0, CsF, BaF, BaO, Al,O;, NaCl, RbCl, or Rbl, and
an electron transport material,

aratio of the Liq, LiF, Li,0, CsF, BaF, BaO, Al,O;, NaCl,
RbC1, and RbI to the electron transport material of the
first electron injection enhancing layer is about 5:5 to
about 7:3, and

aratio of the Liq, LiF, Li,0, CsF, BaF, BaO, Al,O,, NaCl,
RbCI, or RbI to the electron transport material of the
electron injection suppressing layer is about 4:6 to
about 2:8.

3. The organic electroluminescence display device as
claimed in claim 2, wherein the electron transport material
includes an N-containing heterocyclic compound.

4. The organic electroluminescence display device as
claimed in claim 3, wherein a number of ring formation
nitrogen atoms of the N-containing heterocyclic compound
contained in the electron injection suppressing layer is less
than a number of ring formation nitrogen atoms of the
N-containing heterocyclic compound contained in the first
electron injection enhancing layer.

5. The organic electroluminescence display device as
claimed in claim 3, wherein:

the N-containing heterocyclic compound contained in the
electron injection suppressing layer includes one ring
formation nitrogen atom, and

the N-containing heterocyclic compound contained in the
first electron injection enhancing layer includes three
ring formation nitrogen atoms.
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6. The organic electroluminescence display device as
claimed in claim 2, wherein each of the first electron
injection enhancing layer and the electron injection sup-
pressing layer includes Liq and the electron transport mate-
rial.

7. The organic electroluminescence display device as
claimed in claim 1, further comprising:

a second charge generation layer between the first charge

generation layer and the second light emitter; and

a third light emitter between the first charge generation
layer and the second charge generation layer and com-
prising a third light emitting layer,

wherein the third light emitter is on the third light emitting
layer and includes a second electron injection enhanc-
ing layer having electron mobility greater than that of
the electron injection suppressing layer.

8. The organic electroluminescence display device as

claimed in claim 7, wherein:

the second electron injection enhancing layer includes
Liq, LiF, Li,0, CsF, BaF, BaO, Al,05, NaCl, RbCl, or
Rbl, and an electron transport material,

a ratio of Liq, LiF, Li,0, CsF, BaF, BaO, Al,O;, NaCl,
RbCI, or RbI to the electron transport material of the
second electron injection enhancing layer is about 5:5
to about 7:3.

9. The organic electroluminescence display device as
claimed in claim 7, wherein the electron transport material
includes an N-containing heterocyclic compound including
three ring formation nitrogen atoms.

10. The organic electroluminescence display device as
claimed in claim 7, wherein:

two light emitting layers of the first, second, and third
light emitting layers include blue light emitting layers
that emit blue light, and

a remaining one of the first, second, and third light
emitting layers includes a light emitting layer that emits
white light by being mixed with the blue light.

11. The organic electroluminescence display device as

claimed in claim 10, wherein:

the second light emitting layer and the third light emitting
layer include the blue light emitting layers that emit the
blue light, and

the first light emitting layer includes the light emitting
layer that emits the white light by being mixed with the
blue light.

12. The organic electroluminescence display device as

claimed in claim 7, wherein:

two light emitting layers of the first, second, and third
light emitting layers include blue light emitting layers
that emit blue light, and

a remaining one of the first, second, and third light
emitting layers includes a yellow light emitting layer
that emits yellow light.

13. The organic electroluminescence display device as

claimed in claim 7, wherein:

two light emitting layers of the first, second, and third
light emitting layers include blue light emitting layers
that emit blue light, and

a remaining one of first, second, and third light emitting
layers includes a first sub light emitting layer and a
second sub light emitting layer,

one of the first and second sub light emitting layers
includes a red light emitting layer that emits red light,
and
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another one of the first and second sub light emitting
layers includes a green light emitting layer that emits
green light.

14. The organic electroluminescence display device as
claimed in claim 7, further including a color filter spaced
apart from the second electrode.

15. The organic electroluminescence display device as
claimed in claim 7, wherein each of the first, second, and
third light emitting layers includes a blue light emitting layer
that emits blue light.

16. The organic electroluminescence display device as
claimed in claim 15, wherein:

the first light emitting layer emits a first blue light having
a first wavelength band,

the second light emitting layer emits a second blue light
having a second wavelength band, and

the third light emitting layer emits a third blue light
having a third wavelength band.
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17. The organic electroluminescence display device as
claimed in claim 16, wherein peak wavelengths of the first,
second, and third wavelength bands are different from each
other.

18. The organic electroluminescence display device as
claimed in claim 15, further including a color conversion
layer spaced apart from the second electrode.

19. The organic electroluminescence display device as
claimed in claim 18, wherein the color conversion layer
includes:

a resin layer; and

a color conversion material contained in the resin laver,

the color conversion material including at least one of an

inorganic phosphor, an organic phosphor, a quantum
dot, and an organic dye.

20. The organic electroluminescence display device as
claimed in claim 1, wherein:

the first electrode includes a reflective electrode or a

transflective electrode, and

the second electrode includes a transmissive electrode.

L S T T
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