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(57) ABSTRACT

An organic light emitting diode display including a substrate,
a first electrode on the substrate, a light-emitting layer on the
first electrode, a second electrode on the light-emitting layer,
and a p-doping layer between the first electrode and the light-
emitting layer.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND MANUFACTURING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0099101, filed on
Sep. 7, 2012, with the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

TECHNICAL FIELD

[0002] Embodiments of the present invention relate to an
organic light emitting diode display and a manufacturing
method thereof.

BACKGROUND

[0003] An organic light emitting diode display is a self-
emission display device that has an organic light emitting
diode that emits light to display an image. Since the organic
light emitting diode display does not require a separate light
source, unlike a liquid crystal display, it is possible to reduce
thickness and weight thereof. Further, since the organic light
emitting diode display has high-grade characteristics, such as
low power consumption, high luminance, and a high response
speed. the organic light emitting diode display receives atten-
tion as the next-generation display device for portable elec-
tronic apparatuses.

[0004] In the organic light emitting diode display, various
efforts for reducing power consumption and increasing effi-
ciency have been attempted. For example, there are examples
to achieve low voltage, high efficiency, and long lifespan by
using a material having high charge mobility in a hole injec-
tion layer, a hole transport layer, and the like.

[0005] FIG.1 schematically illustrates a structure of a gen-
eral organic light emitting diode. Referring to FIG. 1, in the
general organic light emitting diode display, a first pixel elec-
trode, a second pixel electrode, and a third pixel electrode as
a first electrode 20 are formed on a substrate 10, and the first
electrode 20 is partitioned by a pixel defining layer (PDL) 30
for each pixel unit. A light-emitting layer 50 is formed on the
first electrode 20, and is classified into a red light-emitting
layer, a green light-emitting layer, and a blue light-emitting
layer, respectively. A common electrode as a second electrode
60 is formed on the light-emitting layer 50. At least one of a
hole injection layer 42 and a hole transport layer 44 may be
disposed between the first electrode 20 and the light-emitting
layer 50. Further, at least one of an electron transfer layer 46
and an electron injection layer 48 may be disposed between
the light-emitting layer 50 and the second electrode 60.
[0006] The light-emitting layer 50 is formed by selecting
and applying a material capable of yielding maximum, or
suitable, efficiency for each of the red light-emitting layer, the
green light-emitting layer, and the blue light-emitting layer.
Further, resistance for each of red, green, and blue light-
emitting layers, and therefore, each driving voltage as well,
varies according to the selected emission material. Accord-
ingly, current is further concentrated in a pixel having low
resistance (that is, low driving voltage) among red, green, and
blue according to a physical property of current having a
tendency to flow to a place having low resistance. However, in
the process, when a color having the lowest resistance among
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red, green, and blue has highest emission efficiency, lumi-
nance in the entire panel is increased at black current, and a
contrast ratio is deteriorated.

SUMMARY

[0007] Embodiments of the present invention provide an
organic light emitting diode display capable of preventing or
avoiding problems (such as increase in black luminance, and
deterioration of a contrast ratio) by forming a p-doping layer
to control relative driving voltage and relative efficiency of
red, green, and blue.

[0008] Further, embodiments of the present invention pro-
vide a method of manufacturing an organic light emitting
diode display.

[0009] An exemplary embodiment of the present invention
provides an organic light emitting diode display including a
substrate, a first electrode on the substrate, a light-emitting
layer on the first electrode, a second electrode on the light-
emitting layer, and a p-doping layer between the first elec-
trode and the light-emitting layer.

[0010] The light-emitting layer may include a red light-
emitting layer, a green light-emitting layer, and a blue light-
emitting layer, and the p-doping layer may be in at least one
of a red pixel corresponding to the red light-emitting layer or
a blue pixel corresponding to the blue light-emitting layer.
[0011] The light-emitting layer may include a red light-
emitting layer, a green light-emitting layer, and a blue light-
emitting layer, and the p-doping layer may be in a red pixel
corresponding to the red light-emitting layer.

[0012] Theorganic light emitting diode display may further
include at least one of a hole injection layer (HIL) and a hole
transport layer (HTL) between the first electrode and the
light-emitting layer.

[0013] Theholeinjection layer (HIL) and the hole transport
layer (HTL) may be between the first electrode and the light-
emitting layer, and the p-doping layer may be between the
hole injection layer (HIL) and the hole transport layer (HTL).
[0014] The p-doping layer may include at least one of hex-
anitril  hexaazatriphenylene,  trifluoro-tetracyanoquin-
odimethane (F4-TCNQ), lithium quinolate (LiQ) FeCl3,
F16CuPc, a compound represented by the following Chemi-
cal Formula 1, or metal oxide.

[Chemical Formula 1]

[0015] The metal oxide may include vanadium oxide
(V205), rhenium oxide (Re207), or indium tin oxide.
[0016] A thickness of the p-doping layer may beabout 10 A
to about 200 A.

[0017] The p-doping layer may include a resonance auxil-
iary layer.
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[0018] The resonance auxiliary layer may be in a matrix,
and a p-doping material may be in the matrix.

[0019] The p-doping material may be about wt % 0.1 to
about 30 wt % of the matrix.

[0020] Another exemplary embodiment of the present
invention provides an organic light emitting diode display
including a substrate, a first electrode on the substrate, a
light-emitting layer on the first electrode and including a red
light-emitting layer, a green light-emitting layer, and a blue
light-emitting layer, and a second electrode on the light-
emitting layer, wherein driving voltages of a red pixel corre-
sponding to the red light-emitting layer and a blue pixel
corresponding to the blue light-emitting layer are lower than
a driving voltage of a green pixel corresponding to the green
light-emitting layer.

[0021] Another exemplary embodiment of the present
invention provides a manufacturing method of an organic
light emitting diode display, the method including forming a
first electrode on a substrate, forming a light-emitting layer on
the first electrode, forming a second electrode on the light-
emitting layer, and forming a p-doping layer between the first
electrode and the light-emitting layer.

[0022] The forming of the light-emitting layer may include
forming a red light-emitting layer, forming a green light-
emitting layer, and forming a blue light-emitting layer, and
the p-doping layer may be in at least one of a red pixel
corresponding to the red light-emitting layer and a blue pixel
corresponding to the blue light-emitting layer.

[0023] The forming of the light-emitting layer may include
forming a red light-emitting layer, forming a green light-
emitting layer, and forming a blue light-emitting layer, and
the p-doping layer may be in a red pixel corresponding to the
red light-emitting layer.

[0024] According to the exemplary embodiments of the
present invention, it is possible to manufacture an organic
light emitting diode display having reduced black luminance
and an improved contrast ratio by introducing a p-doping
layer having a high hole injection property for each RGB
pixel to control relative driving voltage and relative emission
efficiency.

[0025] The foregoing summary is illustrative only, and is
not intended to be limiting in any way. In addition to the
illustrative aspects and embodiments described above, fur-
ther aspects and embodiments will become apparent by ref-
erence to the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a diagram illustrating a structure of a
general organic light emitting diode.

[0027] FIG. 2 is a cross-sectional view of an organic light
emitting diode display according to an exemplary embodi-
ment of the present invention.

[0028] FIG. 3 is a cross-sectional view of an organic light
emitting diode display according to another exemplary
embodiment of the present invention.

[0029] FIG. 4 is a cross-sectional view of an organic light
emitting diode display according to yet another exemplary
embodiment of the present invention.

DETAILED DESCRIPTION

[0030] Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
accompanying drawings.
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[0031] Although the present invention can be modified
variously and can have several embodiments, specific exem-
plary embodiments are illustrated in the accompanying draw-
ings, and will be mainly described in the specification. How-
ever, the scope of the present invention is not limited to the
specific embodiments, and should be construed as including
all changes, equivalents, and substitutions included in the
spirit and scope of the present invention.

[0032] Terms used in the present disclosure are mostly
normal terms that are presently widely used, but in some
cases, a term that is arbitrarily selected by an applicant exists,
and in this case, a meaning thereof should be understood by
being disclosed in the description of the present invention, or
by considering the used meaning.

[0033] Parts that are not associated with the description are
omitted to specifically describe the present invention, and like
reference numerals refer to like elements throughout the
specification. Further, in the drawings, size and thickness of
each element may be arbitrarily illustrated for convenience of
description, and the present invention is not necessarily lim-
ited to those illustrated in the drawings. Also, the thicknesses
of layers and regions may be enlarged for clarity, and/or may
be exaggerated for convenience of description. 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 one or more intervering
elements may be present.

[0034] FIG. 2 is a cross-sectional view schematically illus-
trating an organic light emitting diode display according to an
exemplary embodiment of the present invention. As illus-
trated in FIG. 2, an organic light emitting diode display
according to an exemplary embodiment of the present inven-
tion includes a substrate 100; a first electrode 200 formed on
the substrate 100; a light-emitting layer 500 formed on the
first electrode 200; and a second electrode 600 formed on the
light-emitting layer 500, and further includes a p-doping layer
700 between the first electrode 200 and the light-emitting
layer 500.

[0035] First, the substrate 100 may be made of, for
example, a transparent glass material containing SiO, as a
main constituent, although the substrate 100 is not necessarily
limited thereto, and may be made of a plastic material and
may also be mae of metal foil and the like. Although not
illustrated in the drawing, the substrate 100 may include at
least one thin film transistor or capacitor for driving each
pixel, and a circuit for pixel-driving may be implemented by
using the thin film transistor, the capacitor, and the like.

[0036] A pixel defining layer 300 is formed on the substrate
100, and includes a plurality of openings, which may have a
matrix shape, for exposing a first electrode 200 and for defin-
ing each pixel. That is, each pixel is partitioned by the pixel
defining layer 300.

[0037] The first electrode 200 may include a plurality of
pixels which may emit lights having different colors. In the
present exemplary embodiment, the first electrode 200 may
include a region where red light is emitted, another region
where green light is emitted, and yet another region where
blue light is emitted.

[0038] Each pixel includes the first electrode 200, a light-
emitting layer 500, and a second electrode 600. The first
electrode 200 is formed on the substrate and partitioned by the
pixel defining layer 300 for each pixel. Any one of a red pixel,
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a green pixel, and a blue pixel, to be described below, may be
respectively located in an opening formed by the pixel defin-
ing layer 300.

[0039] The first electrode 200 is positioned on the substrate
100, and may be formed of a reflective conductive material, a
transparent conductive material, a translucent conductive
material, and the like.

[0040] In the case of a bottom-emission type in which an
image is produced in a direction of the substrate 100, the first
electrode 200 may be a transparent electrode, and the second
electrode 600 may be a reflective electrode. In this case, the
first electrode may be made of a material having high work
function, for example, ITO, IZ0, ZnO, In203, or the like, and
the second electrode may be made of a metal having low work
function, such as, for example, Ag, Mg, Al, Pt, Au, Ni, Nd, Ir,
Cr, L, Ca, or the like.

[0041] In a top-emission type, in which an image is pro-
duced in a direction of the second electrode 600, the first
electrode 200 may be provided as a reflective electrode, and
the second electrode 600 may be provided as a transparent
electrode. In this case, the reflective electrode as the first
electrode 200 may be provided by forming a reflective layer
with, for example, Ag, Mg, Al, Pt, Au, Ni, Nd, Ir, Cr, Li, Ca,
and their compounds, and by then forming thereon a material
having high work function, for example, 1TO, [ZO, ZnO,
In203, or the like. In addition, the transparent electrode as the
second electrode 600 may be provided by depositing metals
having low work function such as, for example, Ag, Mg, Al,
Pt, Au, Ni, Nd, Ir, Cr, Li, Ca, and their compounds, and by
then forming thereon an auxiliary electrode layer or a bus
electrode line with a transparent conductive material such as,
for example, ITO, IZO, Zn0, In203, or the like.

[0042] In the case of a dual-emission type, both the first
electrode 200 and the second electrode 600 may be formed as
transparent electrodes.

[0043] Hereinafter, in the exemplary embodiment, a struc-
ture of the top-emission type organic light emitting diode
display will be described. Accordingly, the second electrode
600 according to the exemplary embodiment may be made of
a light-transmissive material.

[0044] As illustrated in FIG. 2, the first electrode 200 may
be partitioned by the pixel defining layer 300 for each pixel
unit.

[0045] Aholeinjectionlayer 420 may be formedon the first
electrode 200, and may be formed by using a material that is
generally used in the hole injection layer, for example, CuPc
(copper phthalocyanine) or IDE 406 (Idemitsu Kosan Co.,
Ltd.), through a general method such as vacuum deposition or
spin coating.

[0046] Next, a hole transport layer 440 may be formed on
the hole injection layer 420. The hole transport layer 440 may
be formed through a general method such as vacuum depo-
sition or spin coating, and may be formed by using a general
material for hole transport, for example, a kind or more of
N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine (NPD), bis(4-
dimethylamino-2-methylphenyl)phenylmethane, 1,1-bis(4-
di-p-tolylaminophenyl)cyclohexane,  1,1-bis(4-di-p-toly-
laminophenyl)-4-phenyl-cyclohexane, and the like.

[0047] Next, the light-emitting layer 500 is formed on the
hole transport layer 440 through a general method such as, for
example, vacuum deposition or spin coating. A material of the
light-emitting layer 500 is not particularly limited, and the
light-emitting layer 500 may be formed by doping a general
dopant, for example, iridiumtris(phenylpyridine) (Irppy>) on
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a general host, for example, carbazolbiphenyl (CBP), and by
depositing the dopant and the host together.

[0048] According to the exemplary embodiment, the light-
emitting layer 500 includes a red light-emitting layer, a green
light-emitting layer, and a blue light-emitting layer. In the red
light-emitting layer, the green light-emitting layer, and the
blue light-emitting layer, holes supplied through the red pixel,
the green pixel, and the blue pixel and electrons supplied
through the second electrode 600 are coupled with each other
to form excitons, and when an energy level of the excitons is
changed from an excited state to a ground state, light having
a color corresponding to the changed energy level is emitted.
[0049] As illustrated in FIG. 2, at least one of an electron
transfer layer 460 and an electron injection layer 480 may be
formed between the light-emitting layer 500 and the second
electrode 600.

[0050] The electron transfer layer 460 may be formed by
using, for example, a vacuum deposition method or a spin
coating method, and a material for the electron transfer layer
is not particularly limited, but may include an aluminum
complex (for example, tris(8-quinolinolato)-aluminum
(Alg3)).

[0051] The electron injection layer 480 may be selectively
formed on the electron transfer layer 460 by using a method
such as vacuum deposition or spin coating. In the present
embodiment, a material for the electron injection layer 480 is
not particularly limited, but may include a material such as
LiF, NaCl, and CsF.

[0052] Next, the second electrode 600 is formed on the
electron injection layer 480, and a potential difference (e.g.,
voltage) may be formed between the second electrode 600
and the first electrode 200 by a potential applied to the second
electrode 600. In detail, the second electrode 600 is formed as
a common layer on the red light-emitting layer, the green
light-emitting layer, and the blue light-emitting layer.

[0053] In an exemplary embodiment of the present inven-
tion, the second electrode 600 may be formed of a light-
transmissive material. In the present exemplary embodiment,
the second electrode 600 may be formed of a reflective con-
ductive material, a transparent conductive material, and a
translucent conductive material like the first electrode 200
described above.

[0054] Inthe organic light emitting diode display according
to the present embodiment, a p-doping layer 700 is provided
between the first electrode 200 and the light-emitting layer
500, and a thickness of the p-doping layer 700 may be, for
example, in the range of about 10 A to about 200 A.

[0055] A position of the p-doping layer 700 is not limited to
between the first electrode 200 and the light-emitting layer
500, and the p-doping layer 700 may be disposed below the
hole injection layer 420, between the hole injection layer 420
and the hole transport layer 440, or on the hole transport layer
440.

[0056] Inthe present exemplary embodiment of the present
invention, the p-doping layer 700 is formed between the hole
injection layer 420 and the hole transport layer 440.

[0057] The p-doping layer 700 contains a p-doping mate-
rial. An example of the p-doping layer 700 includes a layer
made of the p-doping material.

[0058] In another example of the p-doping layer 700, the
p-doping material may be doped on a resonance auxiliary
layer. For example, the resonance auxiliary layer is formed as
amatrix, and the p-doping layer 700 may have a configuration
in which the p-doping material is doped in the matrix. Here,
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the resonance auxiliary layer is a layer added for improving
light extraction efficiency. The resonance auxiliary layer as
the matrix may use an auxiliary layer material which is gen-
erally used in the art.

[0059] The p-doping material may use a material that is
generally used in the art, and may use a material in which hole
mobility is larger than electron mobility. For example, the
p-doping material may be selected from hexanitril hexaazat-
riphenylene,  trifluoro-tetracyanoquinodimethane  (F4-
TCNQ), lithium quinolate (LiQ) FeCl,, F, ;CuPc, vanadium
oxide (V,0;), rhenium oxide (Re,0O,), indium tin oxide, and
a compound represented by the following Chemical Formula
L.

[Chemical Formula 1]

[0060] The p-doping material for the matrix is doped pref-
erably in the range of about 0.1 wt % to about 30 wt %, and
more preferably about 0.1 wt % to about 10 wt %. When the
p-doping material is less than about 0.1 wt %, an effect
according to an addition of the p-doping material may be
slight, and when the p-doping material is more than about 30
wt %, an interface characteristic with an electrode is not good,
and thus defects may occur, and as a result, current may leak
when an inverse voltage is applied.

[0061] Further, the resonance auxiliary layer as the matrix
may be formed of a material having excellent hole injection
characteristics, for example, an indolo fluorine-based ary-
lamine compound, LG101(TM), or the like.

[0062] The p-doping layer 700 is present in at least one of
the red pixel, the green pixel, and the blue pixel to control
relative efficiency and relative driving voltage.

[0063] Forexample, in a case where the green pixel has the
highest efficiency and the lowest driving voltage, as illus-
trated in FI1G. 2, the p-doping layer 700 may be formed in the
red pixel, such that the driving voltage of the red pixel
becomes lower than that of the green pixel, and as a result,
current that would otherwise flow in the green pixel may be
diverted to the red pixel to lower black luminance.

[0064] As another example, in FIG. 3, the p-doping layer
700 is formed in the blue pixel to control driving voltage, and
in FIG. 4, the p-doping layer 700 is formed in the red pixel and
the blue pixel to control relative driving voltage.

[0065] Although not illustrated in FIGS. 2 to 4, a glass cap
facing the substrate 100 may be disposed using vacuum on the
second electrode 600, and may include a sealing member for
shielding the light-emitting layer 500 formed between the
substrate 100 and the second electrode 600 from external air.
The sealing member may include one or more materials
selected from a group consisting of an acrylic resin, a meth-
acrylic resin, polyisoprene, a vinyl resin, an epoxy resin, a
urethane resin, and a cellulose resin.
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[0066] Accordingly, the organic light emitting diode dis-
play according to the present embodiment has the laminated
structure, as illustrated in FIGS. 2 to 4, and may further
include one or two intermediate layers, for example, a hole
blocking layer and the like if necessary or desired. Further, a
thickness of each layer of the organic light emitting diode
display may be in a generally used range in the art, if neces-
sary or desired.

[0067] In an organic light emitting diode display having a
general structure in the related art, when the light emission
efficiency of green is the highest and the driving voltage
becomes the lowest by introducing a high-efficiency green
light emitting material, the green pixel emits light in a black
state, and as a result, black luminance is increased, and a
contrast ratio is deteriorated.

[0068] However, like the organic light emitting diode dis-
play according to the present exemplary embodiment of the
present invention, when the p-doping layer is formed in the
red pixel, or when a material having excellent hole injection is
applied to the red pixel, since the driving voltage of the red
pixel having relatively low efficiency is lowered by about 1
eV, leakage current concentrated in the green pixel is dis-
persedto the red pixel to prevent the green pixel from emitting
light in a black state (or to reduce the effects of), and as a
result, the black luminance may be lowered, and the contrast
ratio may be improved.

[0069] From the foregoing, it will be appreciated that vari-
ous embodiments of the present invention have been
described herein for purposes ofillustration, and that various
modifications may be made without departing from the scope
and spirit of the present invention. Accordingly, the various
embodiments disclosed herein are not intended to be limiting,
with the true scope and spirit being indicated by the following
claims and their equivalents.

What is claimed is:

1. An organic light emitting diode display comprising:

a substrate;

a first electrode on the substrate;

a light-emitting layer on the first electrode;

a second electrode on the light-emitting layer; and

a p-doping layer between the first electrode and the light-

emitting layer.

2. The organic light emitting diode display of claim 1,
wherein the light-emitting layer comprises a red light-emit-
ting layer, a green light-emitting layer, and a blue light-emit-
ting layer, and

wherein the p-doping layer is in at least one of a red pixel

corresponding to the red light-emitting layer or a blue
pixel corresponding to the blue light-emitting layer.

3. The organic light emitting diode display of claim 1,
wherein the light-emitting layer comprises a red light-emit-
ting layer, a green light-emitting layer, and a blue light-emit-
ting layer, and

wherein the p-doping layer is in a red pixel corresponding

to the red light-emitting layer.

4. The organic light emitting diode display of claim 1,
further comprising at least one of a hole injection layer (HIL)
and a hole transport layer (HTL) between the first electrode
and the light-emitting layer.

5. The organic light emitting diode display of claim 4,
wherein the hole injection layer (HIL) and the hole transport
layer (HTL) are between the first electrode and the light-
emitting layer, and
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wherein the p-doping layer is between the hole injection
layer (HIL) and the hole transport layer (HTL).

6. The organic light emitting diode display of claim 1,
wherein the p-doping layer comprises at least one of hexani-
tril hexaazatriphenylene, trifluoro-tetracyanoquin-
odimethane (F4-TCNQ), lithium quinolate (LiQ) FeCl3,
F16CuPc, a compound represented by the following Chemi-
cal Formula 1, or metal oxide.

[Chemical Formula 1]

w2
Z,

7. The organic light emitting diode display of claim 6,
wherein the metal oxide comprises vanadium oxide (V205),
rhenium oxide (Re207), or indium tin oxide.

8. The organic light emitting diode display of claim 1,
wherein a thickness of the p-doping layer is about 10 A to
about 200 A.

9. The organic light emitting diode display of claim 1,
wherein the p-doping layer comprises a resonance auxiliary
layer.

10. The organic light emitting diode display of claim 9,
wherein the resonance auxiliary layer is in a matrix, and

wherein a p-doping material is in the matrix.
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11. The organic light emitting diode display of claim 10,
wherein the p-doping material is about wt % 0.1 to about 30
wt % of the matrix.

12. An organic light emitting diode display comprising:

a substrate;

a first electrode on the substrate;

a light-emitting layer on the first electrode and comprising

a red light-emitting layer, a green light-emitting layer,
and a blue light-emitting layer; and

a second electrode on the light-emitting layer,

wherein driving voltages of a red pixel corresponding to

the red light-emitting layer and a blue pixel correspond-
ing to the blue light-emitting layer are lower than a
driving voltage of a green pixel corresponding to the
green light-emitting layer.

13. A manufacturing method of an organic light emitting
diode display, the method comprising:

forming a first electrode on a substrate;

forming a light-emitting layer on the first electrode;

forming a second electrode on the light-emitting layer; and

forming a p-doping layer between the first electrode and
the light-emitting layer.

14. The manufacturing method of an organic light emitting
diode display of claim 13, wherein the forming of the light-
emitting layer comprises forming a red light-emitting layer,
forming a green light-emitting layer, and forming a blue
light-emitting layer, and

wherein the p-doping layer is in at least one of a red pixel

corresponding to the red light-emitting layer and a blue
pixel corresponding to the blue light-emitting layer.

15. The manufacturing method of an organic light emitting
diode display of claim 13, wherein the forming of the light-
emitting layer comprises forming a red light-emitting layer,
forming a green light-emitting layer, and forming a blue
light-emitting layer, and

wherein the p-doping layer is in a red pixel corresponding

to the red light-emitting layer.

* #* * #* #®
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