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(7) ABSTRACT

An organic light emitting diode display includes: a first
organic light emitting element configured to emit light
having a first wavelength; and a second organic light emit-
ting element configured to emit light having a second
wavelength substantially shorter than the first wavelength.
The first organic light emitting element includes a first
electrode, and the second organic light emitting element
includes a second electrode having substantially higher
reflectance for the light having the second wavelength than
the first electrode.

T R4T4 TO RS TLS

E4 E3

; /) ;
Y \ ! Y % u

~SUB
\
TO RLI TJ T RL?.LTL?
El E2



Patent Application Publication Nov. 17,2016 Sheet 1 of 8 US 2016/0336381 Al

F1G. 1

PX4—

PX3-1-




Patent Application Publication

Nov. 17,2016 Sheet 2 of 8

F1G. 2

OLED! l

US 2016/0336381 A1

PG

|
B
|
|

| ---sUB

E

/ |
I
mRIT T

El

A2 T2

£



Patent Application Publication Nov. 17,2016 Sheet 3 of 8 US 2016/0336381 Al

FIG. 3
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FIG. 6

1000

PX4

g ou:m
O4CE )

PX3

/
{
RN S
I
| }
i
i
i
i
i
)
i

OLED3!

PXi

i
SR G

o

US 2016/0336381 A1

TO RL4 TL4 TO RL3 TL3

e b st N s g

£4 E3

Y omeE, | ouznl
FEE v |ou CE , l
; k::: :;3]:'13 1 ‘/] r V I
L
Ry | o
] } y l: T T \ 1
C ] ’
-/ /) / l ‘ / / /l l
4 { : | il/ { {
imm
o ATy

El




Patent Application Publication Nov. 17,2016 Sheet 7 of 8 US 2016/0336381 Al

FIG. 7
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ORGANIC LIGHT EMITTING DIODE
DISPLAY

RELATED APPLICATIONS

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0066759 filed in
the Korean Intellectual Property Office on May 13, 2015, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND

[0002] 1. Field

[0003] The described technology relates generally to an
organic light emitting diode display.

[0004] 2. Discussion of the Related Technology

[0005] A display device is a device displaying an image,
and an organic light emitting diode display has been recently
highlighted.

[0006] Since the organic light emitting diode display has
self-luminance characteristics and does not require a sepa-
rate light source unlike a liquid crystal display device, a
thickness and a weight thereof may be reduced. In addition,
the organic light emitting diode display exhibits high quality
characteristics such as reduced consumption power,
increased luminance, fast response speed, and the like.
[0007] In general, the organic light emitting diode display
includes an array of organic light emitting elements that emit
light having different wavelengths per a pixel, which is a
minimum unit displaying the image. The above-mentioned
organic light emitting element includes a first electrode, an
organic layer emitting light, and a second electrode which
are sequentially stacked, wherein the organic layer is depos-
ited on the first electrode using a mask.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the described technology and therefore it
may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0009] The described technology provides an organic light
emitting diode display having advantages of improving light
emission efficiency of each of a plurality of organic light
emitting elements that emit lights having different wave-
lengths, even though the number of masks used for depos-
iting an organic layer is not increased.

[0010] One aspect of the invention provides an organic
light emitting diode display device, which may comprise: a
first organic light emitting element configured to emit light
having a first wavelength; and a second organic light emit-
ting element configured to emit light having a second
wavelength substantially shorter than the first wavelength,
wherein the first organic light emitting element comprises a
first electrode, and wherein the second organic light emitting
element comprises a second electrode having substantially
higher reflectance for the light having the second wave-
length than the first electrode.

[0011] In the foregoing device, the first and second elec-
trodes may comprise first and second reflective layers,
respectively, wherein the second reflective layer of the
second electrode is formed of a material different from that
of the first reflective layer of the first electrode. The first
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organic light emitting element and the second organic light
emitting element may respectively comprise first and second
organic light emitting layers that are formed of the same
material and have substantially the same thickness, the first
and second organic light emitting layers being disposed over
the first electrode and the second electrode, respectively. The
first and second organic light emitting layers may comprise
ablue light emitting material. The first organic light emitting
element and the second organic light emitting element may
further comprise a common electrode disposed over the first
and second organic light emitting layers, wherein a first
distance between the first electrode and the common elec-
trode may be substantially the same as a second distance
between the second electrode and the common electrode.

[0012] Still in the foregoing device, the first reflective
layer of the first electrode may comprise silver (Ag), and the
second reflective layer of the second electrode may comprise
aluminum (Al). The first electrode may comprise a first
transparent conductive layer disposed over the first reflective
layer, and wherein the second electrode does not comprise
an intervening transparent conductive layer between the
second reflective layer and the second organic light emitting
layer. The organic light emitting diode display of claim 6,
wherein the first electrode comprises a first transparent
conductive layer disposed over the first reflective layer, and
wherein the second electrode may further comprise a second
transparent conductive layer disposed over the second
reflective layer. The first transparent conductive layer and
the second transparent conductive layer may comprise dif-
ferent transparent conductive materials. A thickness of the
second reflective layer may be substantially greater than that
of the first reflective layer.

[0013] Yet in the foregoing device, the light having the
first wavelength and the light having the second wavelength
may be blue light. The first wavelength may be about 459
nm to about 490 nm, and the second wavelength may be
about 440 nm to about 458 nm. The first organic light
emitting element may further comprise: a first organic light
emitting layer disposed over the first electrode; and a
common electrode disposed over the first organic light
emitting layer, wherein the second organic light emitting
element may further comprise: a second organic light emit-
ting layer disposed over the second electrode; and the
common electrode disposed over the second organic light
emitting layer. The first organic light emitting layer and the
second organic light emitting layer may be formed of the
same material and have substantially the same thickness. A
distance between the first electrode and the common elec-
trode may be substantially the same as a distance between
the second electrode and the common electrode. The organic
light emitting diode display device may further comprise: a
third organic light emitting element configured to emit light
having a third wavelength longer than the first wavelength;
and a fourth organic light emitting element configured to
emit light having a fourth wavelength longer than the third
wavelength. The third organic light emitting element and the
fourth organic light emitting element may respectively com-
prise third and fourth organic light emitting layers having
thicknesses different from each other.

[0014] Another aspect of the invention provides an
organic light emitting diode display device, which may
comprise: a first organic light emitting element configured to
emit light having a first wavelength; and a second organic
light emitting element configured to emit light having a
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second wavelength substantially shorter than the first wave-
length, wherein the first organic light emitting element
comprises a first reflective layer and a first electrode that
comprises a first transparent conductive layer and is dis-
posed over the first reflective layer, and wherein the second
organic light emitting element comprises a second reflective
layer and a second electrode that is disposed over the second
reflective layer and comprises a second transparent conduc-
tive layer having a thickness substantially smaller than that
of the first transparent conductive layer.

[0015] Inthe foregoing device, the first reflective layer and
the second reflective layer may be formed of the same
material. The first organic light emitting element and the
second organic light emitting element may respectively
comprise first and second organic light emitting layers that
are formed of the same material and have substantially the
same thickness, the first and second organic light emitting
layers being disposed over the first electrode and the second
electrode, respectively.

[0016] An embodiment provides an organic light emitting
diode display including: a first organic light emitting ele-
ment emitting light having a first wavelength; and a second
organic light emitting element emitting light having a sec-
ond wavelength shorter than the first wavelength, wherein
the first organic light emitting element includes a first
electrode, and the second organic light emitting element
includes a second electrode having higher reflectance for the
light having the second wavelength than the first electrode.
[0017] The second electrode may include a material dif-
ferent from that of the first electrode.

[0018] Each of the first organic light emitting element and
the second organic light emitting element may further
include the same organic light emitting layer having the
same thickness disposed on each of the first electrode and
the second electrode.

[0019] The organic light emitting layer may include a blue
light emitting material.

[0020] Each of the first organic light emitting element and
the second organic light emitting element may further
include a common electrode disposed on the organic light
emitting layer, and a distance between the first electrode and
the common electrode, and a distance between the second
electrode and the common electrode may be the same as
each other

[0021] The first electrode may include silver Ag, and the
second electrode may include aluminum Al

[0022] The first electrode may include a first reflective
layer including silver Ag, and a first transparent conductive
layer disposed on the first reflective layer, and the second
electrode may include a second reflective layer including
aluminum Al

[0023] The second electrode may further include a second
transparent conductive layer disposed on the second reflec-
tive layer.

[0024] Each of the first transparent conductive layer and
the second transparent conductive layer may include differ-
ent transparent conductive materials.

[0025] A thickness of the second reflective layer may be
thicker than that of the first reflective layer.

[0026] The light having the first wavelength and the light
having the second wavelength may be blue lights different
from each other.

[0027] The first wavelength may be 459 nm to 490 nm,
and the second wavelength may be 440 nm to 458 nm.
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[0028] The first organic light emitting element may further
include: a first organic light emitting layer disposed on the
first electrode; and a common electrode disposed on the first
organic light emitting layer, and the second organic light
emitting element may further include: a second organic light
emitting layer disposed on the second electrode; and the
common electrode disposed on the second organic light
emitting layer.

[0029] Each of the first organic light emitting layer and the
second organic light emitting layer may be the same organic
layer having the same thickness.

[0030] A distance between the first electrode and the
common electrode may be the same as a distance between
the second electrode and the common electrode.

[0031] The organic light emitting diode display may fur-
ther include a third organic light emitting element emitting
light having a third wavelength longer than the first wave-
length; and a fourth organic light emitting element emitting
light having a fourth wavelength longer than the third
wavelength.

[0032] The third organic light emitting element and the
fourth organic light emitting element may include different
organic light emitting layers having thicknesses different
from each other.

[0033] Another embodiment provides an organic light
emitting diode display including: a first organic light emit-
ting element emitting light having a first wavelength; and a
second organic light emitting element emitting light having
a second wavelength shorter than the first wavelength,
wherein the first organic light emitting element includes a
first reflective layer and a first electrode including a first
transparent conductive layer disposed on the first reflective
layer, and the second organic light emitting element includes
a second reflective layer and a second electrode disposed on
the second reflective layer and including a second transpar-
ent conductive layer having a thickness thinner than that of
the first transparent conductive layer.

[0034] The first reflective layer may include the same
material as that of the second reflective layer.

[0035] Each of the first organic light emitting element and
the second organic light emitting element may further
include the same organic light emitting layer having the
same thickness disposed on each of the first electrode and
the second electrode.

[0036] According to an embodiment, even though the
number of masks used for depositing the organic layer is not
increased, the organic light emitting diode display capable of
improving light emission efficiency of each of the plurality
of organic light emitting elements that emit lights having
different wavelengths may be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1is a plan view showing pixels of an organic
light emitting diode display according to an embodiment.

[0038] FIG. 2 is a cross-sectional view taken along a line
II-1I of FIG. 1.
[0039] FIG. 3 is a graph showing reflectance of each metal

material according to a wavelength of light.

[0040] FIG. 4 is a graph illustrating an effect of the organic
light emitting diode display according to an embodiment.
[0041] FIG. 5is a cross-sectional view showing an organic
light emitting diode display according to another embodi-
ment.
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[0042] FIG. 6 is a cross-sectional view showing an organic
light emitting diode display according to another embodi-
ment.
[0043] FIG. 7is a cross-sectional view showing an organic
light emitting diode display according to another embodi-
ment.
[0044] FIG. 8 is a cross-sectional view showing an organic
light emitting diode display according to another embodi-
ment.

DETAILED DESCRIPTION

[0045] Hereinafter, embodiments will be described in
detail with reference to the accompanying drawings so that
those skilled in the art may easily practice the present
invention. The present invention may be implemented in
various different forms and is not limited to the embodi-
ments described in the present specification.

[0046] Accordingly, the drawings and description are to be
regarded as illustrative in nature and not restrictive. Like
reference numerals designate like elements throughout the
specification.

[0047] In several embodiments, components having the
same configuration will be described representatively in an
embodiment by the same reference numerals. In embodi-
ments other than an embodiment, configurations different
from those of an embodiment will be described.

[0048] In addition, since sizes and thicknesses of the
respective components shown in the drawings are arbitrarily
shown for the convenience of explanation, the present
invention is not necessarily limited to those shown in the
drawings.

[0049] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. In addition,
in the drawings, thicknesses of some layers and regions are
exaggerated for convenience of explanation. It will be
understood that when an element such as a layer, film,
region, or substrate is referred to as being “on” another
element, it can be directly on the other element or interven-
ing elements may also be present.

[0050] In addition, unless explicitly described to the con-
trary, the word “comprise” and variations such as “com-
prises” or “comprising”, will be understood to imply the
inclusion of stated elements but not the exclusion of any
other elements. In addition, throughout the specification,
when an element is referred to as being “on” another
element, it means that the element is positioned on or below
of a target portion, and does not necessarily mean that the
element is positioned at an upper side based on a gravity
direction.

[0051] Hereinafter, an organic light emitting diode display
according to an embodiment will be described with refer-
ence to FIGS. 1 and 2.

[0052] FIG. 1 is a plan view showing pixels of an organic
light emitting diode display according to an embodiment.
FIG. 1 is a plan view showing a portion of the organic light
emitting diode display according to an embodiment.
[0053] As shown in FIG. 1, an organic light emitting diode
display 1000 according to an embodiment includes a first
pixel PX1, a second pixel PX2, a third pixel PX3, and a
fourth pixel PX4. The pixel means a smallest unit displaying
an image. In embodiments, each of the first pixel PX1, the
second pixel PX2, the third pixel PX3, and the fourth pixel
PX4 may be referred to as a sub-pixel, and these subpixels
(the first pixel PX1, the second pixel PX2, the third pixel
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PX3, and the fourth pixel PX4 described above) may con-
stitute one single pixel which is included in an array of
pixels, but is not limited thereto. In embodiments, the first
pixel PX1, the second pixel PX2, the third pixel PX3, and
the fourth pixel PX4 may respectively constitute one single
pixel. Alternatively, two or three of the first pixel PX1, the
second pixel PX2, the third pixel PX3, and the fourth pixel
PX4 may constitute one single pixel.

[0054] The first pixel PX1 emits a first blue light and
includes a first organic light emitting element and a pixel
circuit connected to the first organic light emitting element.
Here, the first blue light may be sky blue light having a first
wavelength of 459 nm to 490 nm, but is not limited thereto.
[0055] The second pixel PX2 emits a second blue light and
includes a second organic light emitting element and a pixel
circuit connected to the second organic light emitting ele-
ment. Here, the second blue light may be deep blue light
having a second wavelength of 440 nm to 458 nm, but is not
limited thereto.

[0056] The third pixel PX3 emits green light having a third
wavelength and includes a third organic light emitting
element and a pixel circuit connected to the third organic
light emitting element.

[0057] The fourth pixel PX4 emits red light having a
fourth wavelength and includes a fourth organic light emit-
ting element and a pixel circuit connected to the fourth
organic light emitting element.

[0058] FIG. 2 is a cross-sectional view taken along a line
[I-IT of FIG. 1.
[0059] As shown in FIG. 2, the first pixel PX1 includes a

first organic light emitting element OLED1 and a pixel
circuit PC formed on a substrate SUB connected to the first
organic light emitting element OLED1. In embodiments, the
substrate SUB may be flexible, stretchable, foldable, bend-
able, or rollable, but is not limited thereto. The substrate
SUB is flexible, stretchable, foldable, bendable, or rollable,
such that the entire organic light emitting diode display 1000
may be flexible, stretchable, foldable, bendable, or rollable.
In alternative embodiments, the substrate may be rigid or
non-flexible.

[0060] In addition, the pixel circuit PC may include a
wiring structure, transistors and at least one capacitor that
are disposed on the substrate SUB. The wiring structure
includes electrically conductive lines including one or more
scan lines, data lines, driving power lines, common power
lines, and the like. The two or more thin film transistors
TFTs connected to the lines may be provided for one organic
light emitting element. The pixel circuit PC may have
various known structures.

[0061] The first organic light emitting element OLED1
may emit a first blue light having a first wavelength which
may be about 459 nm to about 490 nm, and include a first
electrode E1, a first organic light emitting layer OL1, and a
common electrode CE.

[0062] The first electrode E1 may be an anode which is
connected to the pixel circuit PC and which is a hole
injection electrode, but is not limited thereto. Alternatively,
the first electrode E1 may be a cathode, which is an electron
injection electrode. The first electrode E1 includes a trans-
parent oxide layer TO, a first reflective layer RL1, and a first
transparent conductive layer TL1.

[0063] The transparent oxide layer TO may be formed of
a single layer or multilayer of light transmissive conductive
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material including one or more of indium tin oxide (ITO),
indium zine oxide (IZ0), and the like.

[0064] The first reflective layer RL1 includes silver Ag,
which is a metal having high reflectance. The first reflective
layer RL1 reflects light emitted from the first organic light
emitting layer OL1 in a direction of the common electrode
CE.

[0065] The first transparent conductive layer TL.1 may be
formed of a single layer or multilayer of light transmissive
conductive material including one or more of indium tin
oxide (ITO), amorphous indium tin oxide (a-ITO), indium
zinc oxide (IZ0), and the like, and may include a material
having a high work function.

[0066] The first organic light emitting layer OL1 includes
at least a main light emitting layer that emits light. In
embodiments, the first organic light emitting layer OL1 may
further include a hole injection layer, a hole transport layer,
an auxiliary layer, an electronic transport layer, and an
electronic injection layer. The first organic light emitting
layer OL1 includes a blue light emitting material. [n embodi-
ments, the first organic light emitting layer OL1 has a
thickness which defines a first distance L1 between the first
electrode F1 and the common electrode CE. In embodi-
ments, the first distance .1 may be an optimal distance at
which constructive interference occurs in response to the
blue light having the wavelength of about 440 nm to about
490 nm.

[0067] The common electrode CE may be the cathode,
which is the electron injection electrode, but is not limited
thereto. In alternative embodiments, the common electrode
CE may be the anode, which is the hole injection electrode.
The common electrode CE may have a shape which is
extended throughout the first organic light emitting element
OLED]1, a second organic light emitting element OLED2, a
third organic light emitting element OLED3, and a fourth
organic light emitting element OLED4. The common elec-
trode CE may include a single layer or multilayer of light
transmissive conductive material or a light semi-transmis-
sive conductive material including one or more of indium tin
oxide (ITO), indium zinc oxide (IZO), aluminum Al, silver
Ag, and the like.

[0068] The second pixel PX2 includes the second organic
light emitting element OLED2 and a pixel circuit PC formed
on the substrate SUB connected to the second organic light
emitting element OLED2.

[0069] The second organic light emitting element OLED2
may emit a second blue light having a second wavelength
which may be about 440 nm to about 458 nm shorter than
the first blue light having the first wavelength which is
emitted by the first organic light emitting element OLEDI,
and include a second electrode E2, a second organic light
emitting layer OL2, and a common electrode CE.

[0070] In embodiments, the second blue light having the
second wavelength which is emitted by the second organic
light emitting element OLED?2 is blue light different from
the first blue light having the first wavelength which is
emitted by the first organic light emitting element OLEDI1.

[0071] The second electrode E2 may be the anode which
is connected to the pixel circuit PC and which is the hole
injection electrode, but is not limited thereto. In alternative
embodiments, the second electrode E2 may be the cathode,
which is the electron injection electrode. The second elec-
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trode E2 includes a transparent oxide layer TO, a second
reflective layer RL2, and a second transparent conductive
layer TL2.

[0072] The transparent oxide layer TO may be formed of
a single layer or multilayer of light transmissive conductive
material including one or more of indium tin oxide (ITO),
indium zinc oxide (IZ0), and the like.

[0073] The second reflective layer RL2 includes alumi-
num Al, which is a metal having higher reflectance for the
light having the second wavelength than the first electrode
E1 of the first organic light emitting element OLED1. The
second reflective layer RL2 reflects light emitted from the
second organic light emitting layer OL2 in a direction of the
common electrode CE.

[0074] In embodiments, the second reflective layer RL2 of
the second electrode E2 is formed of a material different
material from that of the first reflective layer RL1 of the first
electrode E1. In one embodiment, the first reflective layer
RL.2 is formed of aluminum Al while the first reflective layer
RL1 is formed of silver Ag. Since the second electrode E2
includes the material different from that of the first electrode
E1, the second electrode E2 may be formed by using an
additional process after a process of forming the first elec-
trode E1, but is not limited thereto.

[0075] The second transparent conductive layer TL.2 may
be formed of a single layer or multilayer of light transmis-
sive conductive material including one or more of indium tin
oxide (ITO), amorphous indium tin oxide (a-ITO), indium
zinc oxide (IZ0), and the like, and may include a material
having a high work function. The second transparent con-
ductive layer TL2 may include the same material as that of
the first transparent conductive layer TL1 of the first elec-
trode F1, but is not limited thereto. Alternatively, the second
transparent conductive layer TL2 may include a material
different from that of the first transparent conductive layer
TL1.

[0076] The second organic light emitting layer OL2
includes at least a main light emitting layer that emits light.
In embodiments, the second organic light emitting layer
OL2 may further include a hole injection layer, a hole
transport layer, an auxiliary layer, an electronic transport
layer, and an electronic injection layer. The second organic
light emitting layer OL2 includes the same blue light emit-
ting material as that of the first organic light emitting layer
OL1. The second organic light emitting layer OL2 has
substantially the same thickness as that of the first organic
light emitting layer OL1, and as a result, the second elec-
trode E2 and the common electrode CE are spaced from each
other with a second distance [.2 substantially the same as the
first distance L1. Here, the second distance 1.2 may be an
optimal distance at which constructive interference occurs in
response to the blue light having the wavelength of about
440 nm to about 490 nm.

[0077] In embodiments, since the second organic light
emitting layer OL2 has the same blue light emitting material
as that of the first organic light emitting layer OL1 and has
the same thickness as that of the first organic light emitting
layer OL1 at the same time, the second organic light emitting
layer OL2 may be formed simultaneously with the process
of forming the first organic light emitting layer OLI1.
Thereby, each of the first organic light emitting layer OL1
and the second organic light emitting layer OL2 may be
simultaneously deposited on each of the first electrode E1
and the second electrode E2 by using one deposition process
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using one mask. This acts as a factor reducing time and costs
for manufacturing the organic light emitting diode display.
[0078] The common electrode CE may be the cathode,
which is the electron injection electrode, but is not limited
thereto. In alternative embodiments, the common electrode
CE may be the anode, which is the hole injection electrode.
The common electrode CE may have a shape which is
extended throughout the first organic light emitting element
OLEDI1, the second organic light emitting element OLED2,
the third organic light emitting element OLED3, and the
fourth organic light emitting element OLED4. The common
electrode CE may include a single layer or multilayer of
light transmissive conductive material or a light semi-
transmissive conductive material including one or more of
indium tin oxide (ITO), indium zinc oxide (IZO), aluminum
Al silver Ag, and the like.

[0079] The third pixel PX3 includes the third organic light
emitting element OLED3 and a pixel circuit PC formed on
the substrate SUB connected to the third organic light
emitting element OLED3.

[0080] The third organic light emitting element OLED3
emits green light having a third wavelength longer than the
first wavelength, and includes a third electrode E3, a third
organic light emitting layer OL3, and a common electrode
CE.

[0081] The third electrode E3 may be the anode which is
connected to the pixel circuit PC and which is the hole
injection electrode, but is not limited thereto. In alternative
embodiments, the third electrode E3 may be the cathode,
which is the electron injection electrode. The third electrode
E3 includes a transparent oxide layer TO, a third reflective
layer RL3, and a third transparent conductive layer TL3.
[0082] The transparent oxide layer TO may be formed of
a single layer or multilayer of light transmissive conductive
material including one or more of indium tin oxide (ITO),
indium zinc oxide (IZ0), and the like.

[0083] The third reflective layer RL3 may include silver
Ag, which is the same metal as that of the first reflective
layer RL1 of the first electrode E1, but is not limited thereto.
In alternative embodiments, the third reflective layer RL3
may include one or more of silver Ag and aluminum Al. The
third reflective layer RL3 reflects light emitted from the third
organic light emitting layer OL3 in a direction of the
common electrode CE.

[0084] In embodiments, the third reflective layer RL3 of
the third electrode E3 is formed of a material the same as that
of the first reflect layer RL1 of the first electrode E1. Since
the third electrode E3 includes the same material as that of
the first electrode E1, the third electrode E3 may be formed
simultaneously with the first electrode E1 by the process of
forming the first electrode E1.

[0085] In alternative embodiments, the third reflective
layer RL3 of the third electrode E3 is formed of a material
the same as that of the second reflective layer RL2 of the
second electrode E2. Since the third electrode E3 includes
the same material as that of the second electrode E2, the
third electrode E3 may be formed simultaneously with the
second electrode E2 by the process of forming the second
electrode E2, but is not limited thereto.

[0086] The third transparent conductive layer TL.3 may be
formed of a single layer or multilayer of light transmissive
conductive material including one or more of indium tin
oxide (ITO), amorphous indium tin oxide (a-ITO), indium
zine oxide (IZ0), and the like, and may include a material
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having a high work function. The third transparent conduc-
tive layer TL3 may include the same material as that of the
first transparent conductive layer TL1 of the first electrode
El.

[0087] The third organic light emitting layer OL3 includes
at least a main light emitting layer that emits light. In
embodiments, the third organic light emitting layer OL3
may further include a hole injection layer, a hole transport
layer, an auxiliary layer, an electronic transport layer, and an
electronic injection layer. The second organic light emitting
layer OL2 includes a green light emitting material. The third
organic light emitting layer OL3 has a thickness substan-
tially greater than that of the first organic light emitting layer
OL1, and as a result, the third electrode E3 and the common
electrode CE are spaced from each other with a distance
longer than the first distance L1. Here, the distance between
the third electrode E3 and the common electrode CE may be
an optimal distance at which constructive interference
occurs in response to the green light.

[0088] The common electrode CE may be the cathode,
which is the electron injection electrode, but is not limited
thereto. In alternative embodiments, the common electrode
CE may be the anode, which is the hole injection electrode.
[0089] The fourth pixel PX4 includes the fourth organic
light emitting element OLED4 and a pixel circuit PC formed
on the substrate SUB connected to the fourth organic light
emitting element OLED4.

[0090] The fourth organic light emitting element OLED4
emits red light having a fourth wavelength longer than the
third wavelength, and includes a fourth electrode E4, a
fourth organic light emitting layer OL4, and a common
electrode CE.

[0091] The fourth electrode E4 may be the anode which is
connected to the pixel circuit PC and which is the hole
injection electrode, but is not limited thereto. In alternative
embodiments, the fourth electrode E4 may be the cathode,
which is the electron injection electrode. The fourth elec-
trode E4 includes a transparent oxide layer TO, a fourth
reflective layer R1L4, and a fourth transparent conductive
layer TL4.

[0092] The transparent oxide layer TO may be formed of
a single layer or multilayer of light transmissive conductive
material including one or more of indium tin oxide (ITO),
indium zinc oxide (IZ0), and the like.

[0093] The fourth reflective layer R1L4 may include silver
Ag, which is the same metal as that of the first reflective
layer RL1 of the first electrode E1, but is not limited thereto.
In alternative embodiments, the fourth reflective layer RL4
may include one or more of silver Ag and aluminum Al. The
fourth reflective layer RL4 reflects light emitted from the
fourth organic light emitting layer OL4 in a direction of the
common electrode CE.

[0094] In embodiments, the fourth reflective layer R4 of
the fourth electrode E4 is formed of a material the same as
that of the first reflective layer RL1 of the first electrode E1.
Since the fourth electrode E4 includes the same material as
that of the first electrode E1, the fourth electrode E4 may be
formed simultaneously with the first electrode E1 by the
process of forming the first electrode E1.

[0095] In alternative embodiments, the fourth reflective
layer RL4 of the fourth electrode E4 is formed of a material
the same as that of the second reflective layer RL2 of the
second electrode E2. Since the fourth electrode E4 includes
the same material as that of the second electrode E2, the
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fourth electrode E4 may be formed simultaneously with the
second electrode E2 by the process of forming the second
electrode E2, but is not limited thereto.

[0096] The fourth transparent conductive layer TL4 may
be formed of a single layer or multilayer of light transmis-
sive conductive material including one or more of indium tin
oxide (ITO), amorphous indium tin oxide (a-ITO), indium
zine oxide (IZ0), and the like, and may include a material
having a high work function. The fourth transparent con-
ductive layer TL4 may include the same material as that of
the first transparent conductive layer TL1 of the first elec-
trode E1.

[0097] The fourth organic light emitting layer OL4
includes at least a main light emitting layer that emits light.
In embodiments, the fourth organic light emitting layer OL4
may further include a hole injection layer, a hole transport
layer, an auxiliary layer, an electronic transport layer, and an
electronic injection layer. The fourth organic light emitting
layer OL4 includes a red light emitting material. The fourth
organic light emitting layer OL4 has a thickness substan-
tially greater than that of the third organic light emitting
layer OL3, and as a result, the fourth electrode E4 and the
common electrode CE are spaced from each other with a
distance longer than the distance between the third electrode
E3 and the common electrode CE. Here, the distance
between the fourth electrode E4 and the common electrode
CE may be an optimal distance at which constructive
interference occurs in response to the red light.

[0098] The common electrode CE may be the cathode,
which is the electron injection electrode, but is not limited
thereto. In alternative embodiments, the common electrode
CE may be the anode, which is the hole injection electrode.
[0099] Hereinafter, an effect of the organic light emitting
diode display according to an embodiment described above
will be described with reference to FIGS. 3 and 4.

[0100] FIG. 3 is a graph showing reflectance of each metal
material according to a wavelength of light.

[0101] As shown in FIG. 3, it may be seen that reflectance
of aluminum Al is higher than that of silver Ag in the range
of a light wavelength of 500 nm or less. Inventors of the
present invention have invented embodiments by taking
accounting of unique characteristics of the above-mentioned
metal material.

[0102] Since each of the first organic light emitting layer
OL1 and the second organic light emitting layer OL2 of each
of the first organic light emitting element OLED1 and the
second organic light emitting element OLED2 includes the
same blue light emitting material, light emitted from each of
the first organic light emitting layer OL1 and the second
organic light emitting layer OL2 is the blue light having
substantially the same wavelength.

[0103] In addition, since each of the first organic light
emitting layer OL1 and the second organic light emitting
layer OL2 has the same thickness, the first distance L1
between the first electrode E1 and the common electrode CE
is equal to the second distance [.2 between the second
electrode E2 and the common electrode CE. Therefore, the
blue light emitted from each of the first organic light
emitting layer OL1 and the second organic light emitting
layer OL2 needs to be reinforced to the same high purity
blue light by the constructive interference between the first
electrode E1 and the common electrode CE and between the
second electrode E2 and the common electrode CE to be
viewed to the outside through the common electrode CE.
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However, since the first reflective layer RL1 of the first
electrode E1 includes silver Ag having low reflectance at
500 nm or less and the second reflective layer RL.2 of the
second electrode E2 includes aluminum Al having high
reflectance at 500 nm or less, the first organic light emitting
element OLEDI emits the first blue light, which is the sky
blue light having the first wavelength of about 459 nm to
about 490 nm, and the second organic light emitting element
OLED2 emits the second blue light, which is the deep blue
light having the second wavelength of about 440 nm to about
458 nm shorter than the first wavelength.

[0104] The inventors of the present invention have per-
formed an experiment in order to confirm those described
above, and results of the above-mentioned experiment have
been shown in FIG. 4.

[0105] FIG. 4 is a graph illustrating an effect of the organic
light emitting diode display according to an embodiment. In
the graph of FIG. 4, an x axis represents a wavelength of
light and a y axis represents intensity of light.

[0106] As shown in FIG. 4, a hole injection layer PHIL of
each of the first organic light emitting layer OL1 of the first
organic light emitting element OLED1 and the second
organic light emitting layer OL2 of the second organic light
emitting element OLED2 has been formed to have substan-
tially the same thickness of about 1155 A, the first reflective
layer RL1 of the first electrode E1 of the first organic light
emitting element OLED1 has been formed to include silver
Ag having a thickness of about 1000 A, and the second
reflective layer RL2 of the second electrode E2 of the second
organic light emitting element OLED2 has been formed to
include aluminum Al having a thickness of about 1000 A. As
a result, the first organic light emitting element OLED1 has
emitted the sky blue light having a wavelength of 472 nm,
and the second organic light emitting element OLED2 has
emitted the deep blue light having a wavelength of 456 nm.
[0107] As such, in the organic light emitting diode display
1000 according to an embodiment, even though each of the
first organic light emitting layer OL1 of the first organic light
emitting element OLED1 and the second organic light
emitting layer OL2 of the second organic light emitting
element OLED2 includes the same blue light emitting
material and has the same thickness at the same time, since
the first electrode E1 includes silver Ag having high reflec-
tance and the second electrode E2 includes aluminum Al
having higher reflectance for light having the second wave-
length than silver Ag of the first electrode E1, the first
organic light emitting element OLED1 emits the first blue
light, which is the sky blue light having the first wavelength
of 459 nm to 490 nm, and the second organic light emitting
element OLED2 emits the second blue light, which is the
deep blue light having the second wavelength of 440 nm to
458 nm shorter than the first wavelength.

[0108] In embodiments, since the second organic light
emitting layer OL2 has the same blue light emitting material
as that of the first organic light emitting layer OL1 and has
the same thickness as that of the first organic light emitting
layer OL1 at the same time, the second organic light emitting
layer OL2 may be formed simultaneously with the process
of forming the first organic light emitting layer OL1. As a
result, each of the first organic light emitting layer OL1 and
the second organic light emitting layer OL2 may be simul-
taneously deposited on each of the first electrode E1 and the
second electrode E2 by using one deposition process using
one mask.
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[0109] Since this acts as a factor reducing total manufac-
turing time and manufacturing costs of the organic light
emitting diode display, even though the organic light emit-
ting diode display 1000 includes the first organic light
emitting element OLED1 and the second organic light
emitting element OLED?2 that emit different blue lights, it is
possible to provide the organic light emitting diode display
1000 capable of reducing the manufacturing time and manu-
facturing costs.

[0110] In short, even though the number of masks used for
depositing the organic light emitting layer is not increased,
the organic light emitting diode display 1000 capable of
improving light emission efficiency of each of a plurality of
organic light emitting elements that emit lights having
different wavelengths is provided.

[0111] Hereinafter, an organic light emitting diode display
according to another embodiment will be described with
reference to FIG. 5. Portions which are different from the
organic light emitting diode display according to an embodi-
ment described above will be described.

[0112] FIG. 5is a cross-sectional view showing an organic
light emitting diode display according to another embodi-
ment.

[0113] As shown in FIG. 5, the second organic light
emitting element OLED2 of the organic light emitting diode
display 1000 according to another embodiment emits the
second blue light having the second wavelength which may
be 440 nm to 458 nm shorter than the first blue light having
the first wavelength which is emitted by the first organic
light emitting element OLED1, and includes a second elec-
trode E2, a second organic light emitting layer OL2, and a
common electrode CE.

[0114] The second electrode E2 includes a transparent
oxide layer TO and a second reflective layer RL2. In
embodiments, the second organic light emitting layer OL2
may contact the second reflective layer RL2.

[0115] The second reflective layer RL2 includes alumi-
num Al, which is a metal having higher reflectance for the
light having the second wavelength than the first electrode
E1 of the first organic light emitting element OLED1. The
second reflective layer RL2 reflects light emitted from the
second organic light emitting layer OL2 in a direction of the
common electrode CE.

[0116] Inembodiments, the second reflective layer RL2 of
the second electrode E2 is formed of aluminum Al while the
reflective layer RL1 of the first electrode E1 is formed of
silver Ag. Since the second electrode E2 includes the mate-
rial different from that of the first electrode E1, the second
electrode F2 may be formed by using an additional process
after a process of forming the first electrode E1, but is not
limited thereto.

[0117] The second organic light emitting layer OL2
includes at least a main light emitting layer that emits light.
In embodiments, the second organic light emitting layer
OL2 may further include a hole injection layer, a hole
transport layer, an auxiliary layer, an electronic transport
layer, and an electronic injection layer. The second organic
light emitting layer OL2 includes the same blue light emit-
ting material as that of the first organic light emitting layer
OL1. The second organic light emitting layer OL2 has
substantially the same one thickness as that of the first
organic light emitting layer OL1, and as a result, the second
electrode E1 and the common electrode CE are spaced from
each other with a second distance 1.2 substantially the same

Nov. 17,2016

as the first distance L1. Here, the second distance [.2 may be
an optimal distance at which constructive interference
occurs in response to the blue light having the wavelength of
440 nm to 490 nm.

[0118] In embodiments, since the second organic light
emitting layer OL2 has the same blue light emitting material
as that of the first organic light emitting layer OL1 and has
the same thickness as that of the first organic light emitting
layer OL1 at the same time, the second organic light emitting
layer OL2 may be formed simultaneously with the process
of forming the first organic light emitting layer OLI1.
Thereby, each of the first organic light emitting layer OL1
and the second organic light emitting layer OL2 may be
simultaneously deposited on each of the first electrode E1
and the second electrode E2 by using one deposition process
using one mask. This acts as a factor reducing time and costs
for manufacturing the organic light emitting diode display.
[0119] As such, in the organic light emitting diode display
1000 according to another embodiment, even though each of
the first organic light emitting layer OL1 of the first organic
light emitting element OLED1 and the second organic light
emitting layer OL2 of the second organic light emitting
element OLED2 includes the same blue light emitting
material and has the same thickness at the same time, since
the first electrode E1 includes silver Ag having high reflec-
tance and the second electrode E2 includes aluminum Al
having higher reflectance for light having the second wave-
length than silver Ag of the first electrode E1, the first
organic light emitting element OLED1 emits the first blue
light, which is the sky blue light having the first wavelength
of 459 nm to 490 nm, and the second organic light emitting
element OLED2 emits the second blue light, which is the
deep blue light having the second wavelength of 440 nm to
458 nm shorter than the first wavelength.

[0120] In embodiments, since the second organic light
emitting layer OL2 has the same blue light emitting material
as that of the first organic light emitting layer OL1 and has
the same thickness as that of the first organic light emitting
layer OL1 at the same time, the second organic light emitting
layer OL2 may be formed simultaneously with the process
of forming the first organic light emitting layer OL1. As a
result, each of the first organic light emitting layer OL1 and
the second organic light emitting layer OL2 may be simul-
taneously deposited on each of the first electrode E1 and the
second electrode E2 by using one deposition process using
one mask.

[0121] Since this acts as a factor reducing total manufac-
turing time and manufacturing costs of the organic light
emitting diode display, even though the organic light emit-
ting diode display 1000 includes the first organic light
emitting element OLED1 and the second organic light
emitting element OLED?2 that emit different blue lights, it is
possible to provide the organic light emitting diode display
1000 capable of reducing the manufacturing time and manu-
facturing costs.

[0122] Inshort, even though the number of masks used for
depositing the organic light emitting layer is not increased,
the organic light emitting diode display 1000 capable of
improving light emission efficiency of each of a plurality of
organic light emitting elements that emit lights having
different wavelengths is provided.

[0123] Hereinafter, an organic light emitting diode display
according to another embodiment will be described with
reference to FIG. 6. Portions which are different from the
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organic light emitting diode display according to an embodi-
ment described above will be described.

[0124] FIG. 6isa cross-sectional view showing an organic
light emitting diode display according to another embodi-
ment.

[0125] As shown in FIG. 6, the second organic light
emitting element OLED?2 of the organic light emitting diode
display 1000 according to another embodiment emits the
second blue light having the second wavelength which may
be 440 nm to 458 nm shorter than the first blue light having
the first wavelength which is emitted by the first organic
light emitting element OLED]1, and includes a second elec-
trode E2, a second organic light emitting layer OL2, and a
common electrode CE.

[0126] The second electrode E2 includes a transparent
oxide layer TO, a second reflective layer RL2, and a second
transparent conductive layer TL2.

[0127] The second transparent conductive layer TL.2 may
be formed of a single layer or multilayer of light transmis-
sive conductive material including one or more of indium tin
oxide (ITO), amorphous indium tin oxide (a-ITO), indium
zinc oxide (IZ0), and the like, and may include a material
having a high work function. The second transparent con-
ductive layer TL2 includes a material which is different from
that of the first transparent conductive layer TL1 of the first
electrode E1. In embodiments, each of the first transparent
conductive layer TL1 of the first organic light emitting
element OLED1 and the second transparent conductive layer
TL2 of the second organic light emitting element OLED2
includes different transparent conductive materials.

[0128] As such, since the second transparent conductive
layer TL2 of the second electrode E2 includes the transpar-
ent conductive material different from that of the first
transparent conductive layer TL1 of the first electrode E1, it
is possible to suppress the first transparent conductive layer
TL1 from being etched by an etchant etching the second
transparent conductive layer TL2, when the second elec-
trode E2 is formed by using an additional process after the
process of forming the first electrode El.

[0129] In embodiments, since it is suppressed that
unwanted defect occurs in the first electrode E1 at the time
of the manufacturing process of the second electrode E2, the
organic light emitting diode display 1000 having improved
reliability of the entire manufacturing process is provided.
[0130] Hereinafter, an organic light emitting diode display
according to another embodiment will be described with
reference to FIG. 7. Portions which are different from the
organic light emitting diode display according to an embodi-
ment described above will be described.

[0131] FIG. 7isa cross-sectional view showing an organic
light emitting diode display according to another embodi-
ment.

[0132] As shown in FIG. 7, the second reflective layer
RL2 of the second electrode E2 of the second organic light
emitting element OLED2 of an organic light emitting diode
display 1000 according to another embodiment has a thick-
ness thicker than that of the first reflective layer RL1.
[0133] Thereby, since reflectance of the second reflective
layer RL2 becomes higher than that of the first reflective
layer RL1, purity of the second blue light, which is the deep
blue light having the second wavelength of 440 nm to 458
nm emitted by the second organic light emitting element
OLED2 is further improved.
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[0134] In embodiments, the organic light emitting diode
display 1000 having improved light emission efficiency of
the second organic light emitting element OLED2 is pro-
vided.

[0135] Hereinafter, an organic light emitting diode display
according to another embodiment will be described with
reference to FIG. 8. Portions which are different from the
organic light emitting diode display according to an embodi-
ment described above will be described.

[0136] As shown in FIG. 8, the first organic light emitting
element OLEDI of an organic light emitting diode display
1000 according to another embodiment emits the first blue
light having the first wavelength which may be 459 nm to
490 nm, and includes the first electrode E1, the first organic
light emitting layer OL1, and the common electrode CE.
[0137] The first electrode E1 includes a transparent oxide
layer TO, a first reflective layer RL1, and a first transparent
conductive layer TL1.

[0138] The first reflective layer RL1 includes silver Ag,
which is a metal having high reflectance. The first reflective
layer RL1 reflects light emitted from the first organic light
emitting layer OL1 in a direction of the common electrode
CE.

[0139] The first transparent conductive layer TL.1 may be
formed of a single layer or multilayer of light transmissive
conductive material including one or more of indium tin
oxide (ITO), amorphous indium tin oxide (a-ITO), indium
zinc oxide (IZ0), and the like, and may include a material
having a high work function. The first transparent conduc-
tive layer TL1 has a thickness substantially greater than that
of the second transparent conductive layer TL2 of the second
electrode E2 of the second organic light emitting element
OLED2.

[0140] The first organic light emitting layer OL1 includes
at least a main light emitting layer that emits light. In
embodiments, the first organic light emitting layer OL1 may
further include a hole injection layer, a hole transport layer,
an auxiliary layer, an electronic transport layer, and an
electronic injection layer. The first organic light emitting
layer OL1 includes a blue light emitting material. In embodi-
ments, the first organic light emitting layer OL1 has a
thickness which defines a first distance L1 between the first
electrode E1 and the common electrode CE. In addition, due
to the thick thickness of the first transparent conductive layer
TL1, the first reflective layer RL1 of the first electrode E1
and the common electrode CE have a third distance L3
therebetween. Here, the third distance L3 may be an optimal
distance at which constructive interference occurs in
response to the first blue light having the first wavelength of
459 nm to 490 nm.

[0141] The second organic light emitting element OLED2
may emit a second blue light having a second wavelength
which may be 440 nm to 458 nm shorter than the first blue
light having the first wavelength which is emitted by the first
organic light emitting element OLED1, and include a second
electrode E2, a second organic light emitting layer OL2, and
a common electrode CE.

[0142] The second electrode E2 includes a transparent
oxide layer TO, a second reflective layer RI.2, and a second
transparent conductive layer TL2.

[0143] The second reflective layer RL2 includes silver Ag,
which is the same metal having high reflectance as that of
the first electrode E1 of the first organic light emitting
element OLED1. The second reflective layer RL2 reflects
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light emitted from the second organic light emitting layer
OL2 in a direction of the common electrode CE.

[0144] In embodiments, since the second electrode E2 and
the first electrode E1 include the same silver Ag, the second
electrode E2 includes the same material as that of the first
electrode E1. Since the second electrode E2 includes the
same material as that of the first electrode E1, the second
electrode E2 may be formed simultaneously with the first
electrode E1 by the process of forming the first electrode E1.
[0145] The second transparent conductive layer TL.2 may
be formed of a single layer or multilayer of light transmis-
sive conductive material including one or more of indium tin
oxide (ITO), amorphous indium tin oxide (a-1TO), indium
zine oxide (IZ0), and the like, and may include a material
having a high work function. The second transparent con-
ductive layer TL2 has a thickness substantially smaller than
that of the first transparent conductive layer TL1 of the first
electrode E1 of the first organic light emitting element
OLEDI1. The second transparent conductive layer TL.2 may
be formed by using a half-tone mask or may be formed by
using an additional deposition process.

[0146] The second organic light emitting layer OL2
includes at least a main light emitting layer that emits light.
In embodiments, the second organic light emitting layer
OL2 may further include a hole injection layer, a hole
transport layer, an auxiliary layer, an electronic transport
layer, and an electronic injection layer. The second organic
light emitting layer OL2 includes the same blue light emit-
ting material as that of the first organic light emitting layer
OL1. The second organic light emitting layer OL2 has
substantially the same thickness as that of the first organic
light emitting layer OL1, and as a result, the second elec-
trode E2 and the common electrode CE are spaced from each
other with a second distance .2 substantially the same as the
first distance 1. In addition, due to the thin thickness of the
second transparent conductive layer T1.2, the second reflec-
tive layer RL2 of the second electrode E2 and the common
electrode CE have a fourth distance 1.4 substantially shorter
than the third distance L3 therebetween. Here, the fourth
distance L4 may be an optimal distance at which construc-
tive interference occurs in response to the second blue light
having the second wavelength of 440 nm to 458 nm.
[0147] As such, in the organic light emitting diode display
1000 according to another embodiment, even though each of
the first organic light emitting layer OL1 of the first organic
light emitting element OLED1 and the second organic light
emitting layer OL2 of the second organic light emitting
element OLED2 includes the same blue light emitting
material and has the same thickness, and each of the first
electrode E1 and the second electrode E2 includes the same
material at the same time, since the second transparent
conductive layer TL2 of the second electrode E2 has the
thickness substantially smaller than that of the first trans-
parent conductive layer TL1 of the first electrode E1, the first
reflective layer RL1 of the first organic light emitting
element OLED1 and the common electrode CE have the
third distance L3 therebetween, and the second reflective
layer RL2 of the second organic light emitting element
OLED2 and the common electrode CE have the fourth
distance [4 therebetween. Thereby, since the blue light
emitted from the first organic light emitting layer OL1
generates constructive interference corresponding to the first
blue light having the first wavelength of 459 nm to 490 nm
and the blue light emitted from the second organic light
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emitting layer OL.2 generates constructive interference cor-
responding to the second blue light having the second
wavelength of 440 nm to 458 nm, the first organic light
emitting element OLED1 emits the first blue light, which is
the sky blue light having the first wavelength of 459 nm to
490 nm, and the second organic light emitting element
OLED?2 emits the second blue light, which is the deep blue
light having the second wavelength of 440 nm to 458 nm
shorter than the first wavelength.

[0148] In embodiments, even though each of the first
organic light emitting layer OL1 and the second organic
light emitting layer OL2 of each of the first organic light
emitting element OLED1 and the second organic light
emitting element OLED2 has the same material and the
same thickness, resonance distances at which constructive
interference of each of the first organic light emitting ele-
ment OLED1 and the second organic light emitting element
OLED2 occurs are set to be different from each other by
forming the thickness of each of the first transparent con-
ductive layer TL1 and the second transparent conductive
layer TL2 to be different from each other. As a result, even
though each of the first organic light emitting layer OL1 and
the second organic light emitting layer OL2 is simultane-
ously formed by using one deposition process using one
mask, each of the first organic light emitting element
OLED1 and the second organic light emitting element
OLED2 may be formed to emit different blue lights.
[0149] Since this acts as a factor reducing total manufac-
turing time and manufacturing costs of the organic light
emitting diode display, even though the organic light emit-
ting diode display 1000 includes the first organic light
emitting element OLED1 and the second organic light
emitting element OLED?2 that emit different blue lights, it is
possible to provide the organic light emitting diode display
1000 capable of reducing the manufacturing time and manu-
facturing costs.

[0150] In short, even though the number of masks used for
depositing the organic light emitting layer is not increased,
the organic light emitting diode display 1000 capable of
improving light emission efficiency of each of a plurality of
organic light emitting elements that emit lights having
different wavelengths is provided.

What is claimed is:

1. An organic light emitting diode display comprising:

a first organic light emitting element configured to emit

light having a first wavelength; and

a second organic light emitting element configured to emit

light having a second wavelength substantially shorter
than the first wavelength,
wherein the first organic light emitting element comprises
a first electrode, and

wherein the second organic light emitting element com-
prises a second electrode having substantially higher
reflectance for the light having the second wavelength
than the first electrode.

2. The organic light emitting diode display of claim 1,
wherein the first and second electrodes comprise first and
second reflective layers, respectively, wherein the second
reflective layer of the second electrode comprises a material
different from that of the first reflective layer of the first
electrode.

3. The organic light emitting diode display of claim 2,
wherein the first organic light emitting element and the
second organic light emitting element respectively comprise
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first and second organic light emitting layers that comprise
the same material and have substantially the same thickness,
the first and second organic light emitting layers being
disposed over the first electrode and the second electrode,
respectively.

4. The organic light emitting diode display of claim 3,
wherein the first and second organic light emitting layers
comptise a blue light emitting material.

5. The organic light emitting diode display of claim 3,
wherein the first organic light emitting element and the
second organic light emitting element further comprise a
common electrode disposed over the first and second
organic light emitting layers, and

wherein a first distance between the first electrode and the

common electrode is substantially the same as a second
distance between the second electrode and the common
electrode.

6. The organic light emitting diode display of claim 2,
wherein the first reflective layer of the first electrode com-
prises silver (Ag), and the second reflective layer of the
second electrode comprises aluminum (Al).

7. The organic light emitting diode display of claim 6,
wherein the first electrode comprises a first transparent
conductive layer disposed over the first reflective layer, and

wherein the second electrode does not comprise an inter-

vening transparent conductive layer on the second
reflective layer.

8. The organic light emitting diode display of claim 6,
wherein the first electrode comprises a first transparent
conductive layer disposed over the first reflective layer, and

wherein the second electrode further comprises a second

transparent conductive layer disposed over the second
reflective layer.

9. The organic light emitting diode display of claim 8,
wherein the first transparent conductive layer and the second
transparent conductive layer comprise different transparent
conductive materials.

10. The organic light emitting diode display of claim 8,
wherein a thickness of the second reflective layer is sub-
stantially greater than that of the first reflective layer.

11. The organic light emitting diode display of claim 1,
wherein the light having the first wavelength and the light
having the second wavelength are blue light.

12. The organic light emitting diode display of claim 11,
wherein the first wavelength is about 459 nm to about 490
nm, and the second wavelength is about 440 nm to about 458
nm.
13. The organic light emitting diode display of claim 1,
wherein the first organic light emitting element further
comprises:

a first organic light emitting layer disposed over the first

electrode; and

a common electrode disposed over the first organic light

emitting layer, and wherein the second organic light
emitting element further comprises:
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a second organic light emitting layer disposed over the
second electrode; and

the common electrode disposed over the second organic
light emitting layer.

14. The organic light emitting diode display of claim 13,
wherein the first organic light emitting layer and the second
organic light emitting layer comprise the same material and
have substantially the same thickness.

15. The organic light emitting diode display of claim 14,
wherein a distance between the first electrode and the
common electrode is substantially the same as a distance
between the second electrode and the common electrode.

16. The organic light emitting diode display of claim 1,
further comprising:

a third organic light emitting element configured to emit
light having a third wavelength longer than the first
wavelength; and

a fourth organic light emitting element configured to emit
light having a fourth wavelength longer than the third
wavelength.

17. The organic light emitting diode display of claim 16,
wherein the third organic light emitting element and the
fourth organic light emitting element comprise third and
fourth organic light emitting layers having thicknesses dif-
ferent from each other.

18. An organic light emitting diode display comprising;

a first organic light emitting element configured to emit
light having a first wavelength; and

a second organic light emitting element configured to emit
light having a second wavelength substantially shorter
than the first wavelength,

wherein the first organic light emitting element comprises
a first reflective layer and a first electrode that com-
prises a first transparent conductive layer and is dis-
posed over the first reflective layer, and

wherein the second organic light emitting element com-
prises a second reflective layer and a second electrode
that is disposed over the second reflective layer and
comprises a second transparent conductive layer hav-
ing a thickness substantially smaller than that of the
first transparent conductive layer.

19. The organic light emitting diode display of claim 18,
wherein the first reflective layer and the second reflective
layer comprise the same material.

20. The organic light emitting diode display of claim 19,
wherein the first organic light emitting element and the
second organic light emitting element respectively comprise
first and second organic light emitting layers that comprise
the same material and have substantially the same thickness,
the first and second organic light emitting layers being
disposed over the first electrode and the second electrode,
respectively.



TRBR(F) BNERR-REE T~F

K (BE)S US20160336381A1 K (nE)R
RiES US15/148972 RiEHR
FRIBB(EFROAF) ZEETERAXF

RIB(ERR)AGE) =EDISPLAY CO., LTD.

LETERIB(ERR)A(E) = EDISPLAY CO. , LTD.

2016-11-17

2016-05-06

patsnap

R KB A WON BYEONG HEE
SUNG EUN JIN
BAEK JONG IN
REBEA WON, BYEONG-HEE
SUNG, EUN JIN
BAEK, JONG IN
IPCH %5 HO1L27/32 HO1L51/52
CPCH#%S HO1L27/3213 HO1L27/3216 HO1L2251/558 HO1L51/5231 HO1L51/5218 HO1L51/5215 HO1L51/5234
HO1L51/5265 HO1L51/56
L AR 1020150066759 2015-05-13 KR
H AT SRR US9899455
SNERaE Espacenet USPTO
(%) OWCE,/ oy | |
—RHENKX-RELTE  BF  E-ANKKAH RENERHE || | fbum/!! mm!! mmﬂ
BE—RKNXE-ANEXATYH  ARENASFEREALETE— | (XL I) ,V ‘ IOL' G/ I 'OLZ G |
REMESRKIN. E—ENRRTHABEE— SR, BoENRE | | o .(};/, i )f.
cars-en, g-epuraasoakerases-sms | [ || | o] | e
BEHRSE. - I ) IR i o O
=
i =]
a)},;i;:3;”)\;3’!;13}]“.,[)0
| Ly ] .
s,;/@ il
E//H;/;;.;/;;‘;;///i
4;\\&\__‘ Ao A ]
| \ \ \ \ | \ \ | \u \


https://share-analytics.zhihuiya.com/view/bd005df8-5786-4b90-bc18-f70573d9c1fb
https://worldwide.espacenet.com/patent/search/family/055969050/publication/US2016336381A1?q=US2016336381A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160336381%22.PGNR.&OS=DN/20160336381&RS=DN/20160336381

