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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND METHOD FOR FABRICATING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0146433, filed on Dec. 14, 2012,
which is incorporated by reference for all purposes as if fully
set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting diode (hereinafter, referred to as an “OLED”) dis-
play device and a method for fabricating the same.

[0004] 2. Discussion of the Related Art

[0005] Inrecentyears, OLED display devices are attracting
considerable attention as flat panel display devices, which
solve high weight and high volume, issues that are problems
of cathode ray tubes (CRTs). Such an OLED display device
includes an anode, a cathode, and an organic semiconductor
layer formed between the anode and the cathode. The organic
semiconductor layer includes a hole injection layer, a hole
transport layer, a light-emitting layer, an electron transport
layer and an electron injection layer.

[0006] Meanwhile, microcavity technology is one method
of improving color purity and brightness of OLED displays.
Microcavity technology is an optical technology which
employs microcavity effect wherein light emitted from the
light-emitting layer mutually interferes between a complete-
reflection surface and a semi-reflection surface. For this pur-
pose, aconventional OLED display device is designed to have
hole transport layers having different thicknesses in respec-
tive RGB sub-pixels. In this regard, hole transport layers for
controlling thickness, which are separately stacked in order to
control the thickness of hole transport layers in respective
RGB sub-pixels, are produced at a high raw material cost, and
remain on ribs of shadow masks and are bonded thereto upon
formation of films due to material properties, thus causing a
defect in which openings of shadow masks are clogged.

SUMMARY OF THE INVENTION

[0007] Accordingly, the present invention is directed to an
organic light emitting diode display device and a method for
fabricating the same that substantially obviate one or more
problems due to limitations and disadvantages of the related
art.

[0008] An object of the present invention is to provide an
OLED display device and a method for fabricating the same
to prevent a defect in which openings of shadow masks are
clogged.

[0009] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives
and other advantages of the invention may be realized and
attained by the structure particularly pointed outin the written
description and claims hereof as well as the appended draw-
ings.

[0010] To achieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied
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and broadly described herein, an OLED display device com-
prising first and second electrodes formed on a substrate, ared
light-emitting layer, a green light-emitting layer and a blue
light-emitting layer formed between the first and second elec-
trodes, a hole transport layer formed between each of the red
light-emitting layer, the green light-emitting layer and the
blue light-emitting layer, and the first electrode, an electron
transport layer formed between each of the red light-emitting
layer, the green light-emitting layer and the blue light-emit-
ting layer, and the second electrode, and a conducting poly-
mer formed between the substrate and the first electrode, the
conducting polymer having different thicknesses in regions
respectively corresponding to the red light-emitting layer, the
green light-emitting layer and the blue light-emitting layer.
the thickness of the conducting polymer decreases in an order
of the region corresponding to the red light-emitting layer, the
region corresponding to the green light-emitting layer and the
region corresponding to the blue light-emitting layer.

[0011] The conducting polymer may be formed only in the
region corresponding to the red light-emitting layer and the
region corresponding to the green light-emitting layer, and
the thickness of the conducting polymer may decrease in an
order of the region corresponding to the red light-emitting
layer and the region corresponding to the green light-emitting
layer.

[0012] The thickness of the conducting polymer may be 20
nm to 200 nm.
[0013] The conducting polymer may have a refractive

index of 1.5 to 2.0 and a transmittance of 90% or more in a
visible light region.

[0014] The conducting polymer may be formed of a mate-
rial selected from a conductive plastic (PEDOT-PSS), poly-
acetylene, polyparaphenylene, polypyrrole and polyaniline.
[0015] In accordance with another aspect of the present
invention, there is provided a method for fabricating an
OLED display device comprising forming a conducting poly-
mer on a substrate, forming a first electrode on the conducting
polymer, forming a hole transport layer on the first electrode,
forming a red light-emitting layer, a green light-emitting
layer and a blue light-emitting layer on the hole transport
layer, forming an electron transport layer on the red light-
emitting layer, the green light-emitting layer and the blue
light-emitting layer, and forming a second electrode on the
electron transport layer, wherein the conducting polymer has
different thicknesses in regions respectively corresponding to
the red light-emitting layer, the green light-emitting layer and
the blue light-emitting layer.

[0016] The conducting polymer may be formed by a half-
tone mask process.

[0017] Itisto be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and simultaneously with
the description serve to explain the principle of the invention.
In the drawings:

[0019] FIG. 1is a plan view illustrating an OLED display
device according to an embodiment of the present invention;
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[0020] FIG. 2 is a sectional view illustrating RGB sub-
pixels SP1, SP2 and SP3 shown in FIG. 1;

[0021] FIG. 3 is a flowchart illustrating a method for fab-
ricating an OLED display device according to an embodiment
of the present invention;

[0022] FIG. 4 is a sectional view illustrating RGB sub-
pixels SP1, SP2 and SP3 according to another embodiment of
the present invention; and

[0023] FIG. 5A to 5G are views illustrating a method for
forming a conducting polymer 4.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0024] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0025] Hereinafter, the OLED display device and a method
for fabricating the same according to embodiments of the
present invention will be described in detail with reference to
the annexed drawings.

[0026] FIG. 1is a plan view illustrating an OLED display
device according to an embodiment of the present invention.
FIG. 2 is a sectional view illustrating RGB sub-pixels SP1,
SP2 and SP3 shown in FIG. 1. F1G. 3 is a flowchart illustrating
a method for fabricating an OLED display device according
to an embodiment of the present invention.

[0027] Inthe OLED display device shown in FI1G. 1, RGB
sub-pixels SP1, SP2 and SP3 to render red, green and blue
colors are arranged. The RGB sub-pixels SP1, SP2 and SP3
may be arranged in a stripe shape, a quad shape or the like, and
three sub-pixels SP1, SP2 and SP3 emitting red, green and
blue rays constitute a unit pixel (P). FIG. 1 shows RGB
sub-pixels SP1, SP2 and SP3 arranged in a stripe shape, but
this configuration is provided as an example and the present
invention is not limited to such configuration.

[0028] Hereinafter, cross-section structures and the fabri-
cation method of the RGB sub-pixels SP1, SP2 and SP3 will
be described.

[0029] Referring to FIGS. 2 and 3, the OLED display
device of the present invention includes a conducting polymer
4, a first electrode 6, a hole transport layer 8, a plurality of
light-emitting layers 10a, 105 and 10c¢, an electron transport
layer 12, a second electrode 14 and a front sealing layer 16
laminated in this order on a substrate 2. The OLED display
device is fabricated in the lamination order. Hereinafter, the
present invention will be described in accordance with the
lamination order.

[0030] Although not illustrated, the substrate 2 includes a
thin film transistor to drive the RGB sub-pixels SP1, SP2 and
SP3, gate lines and data lines to drive the thin film transistor,
and a power line to supply power. The substrate 2 may be a
glass substrate made of glass, a plastic substrate made of PET
to implement a flexible display, or an ultra-thin glass sub-
strate.

[0031] For reference, the OLED display device of the
present invention is a top light-emission OLED display
device. Accordingly, although not shown in FIG. 2, a reflec-
tive layer is further provided between the substrate 2 and the
conducting polymer 4. The reflective layer reflects light emit-
ted toward the first electrode 6 from the light-emitting layers
104, 105 and 10¢, toward the second electrode 14. A thickness
of a metal layer constituting the reflective layer is preferably
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1,000 A and a reflectivity of the reflective layer with respect
to visible light, for example, light having a wavelength of 400
nm to 700 nm is preferably 92% or more.

[0032] A conducting polymer 4 is formed on the substrate 2
(on the reflective layer). The conducting polymer 4 imple-
ments a microcavity effect between the first electrode 6 as a
non-transparent electrode and the second electrode 14 as a
transparent electrode because it has different thicknesses in
respective RGB sub-pixels SP1, SP2 and SP3. That is, the
conducting polymer 4 controls interference between primary
light emitted from the light-emitting layers 10a, 106 and 10c,
and secondary light which is reflected or re-reflected, thereby
improving brightness and color characteristics.

[0033] The present invention omits a conventional hole
transport layer for controlling thickness to implement a
microcavity effect and includes the conducting polymer 4
having different thickness in RGB sub-pixels SP1, SP2 and
SP3 between the substrate 2 and the first electrode 6 to reduce
fabrication costs and prevent a defect in which openings of
shadow masks are clogged. Specifically, the present invention
can reduce fabrication costs by omitting the conventional
hole transport layer for thickness control which entails a high
raw material cost or reducing the number of shadow mask
processes. In addition, the conventional hole transport layer
for thickness control causes a defect in which openings of
shadow masks are clogged. On the other hand, the present
invention can prevent the defect in which openings of shadow
masks are clogged by omitting the conventional hole trans-
port layer for thickness control. In addition, the conducting
polymer 4 of the present invention is formed by a half-tone
mask process which is easier and entails a lower cost than the
shadow mask process, thus enabling cost reduction and easy
fabrication.

[0034] Hereinafter, the method for fabricating the conduct-
ing polymer 4 of the present invention will be described in
detail.

[0035] FIGS. 5A to 5G are sectional views illustrating the
method for fabricating the conducting polymer 4.

[0036] First, referring to FIG. 5A, a conductive polymer 18
(for example, PEDOT:PSS) which is a raw material for the
conducting polymer 4 is formed on a substrate 2. In addition,
a photoresist 20 is applied to the conductive polymer 18.
[0037] Then, referring to FIG. 5B, the substrate 2 to which
the photoresist 20 has been applied is disposed such that the
substrate 2 faces the mask substrate 28 each other. A blocking
layer 22, the first semi-transmission layer 24 and the second
semi-transmission layer 26 are formed to respectively corre-
spond to the R sub-pixel SP1, the G sub-pixel SP2 and the B
sub-pixel SP3 on the mask substrate 28. The first semi-trans-
mission layer 24 has higher transmissivity than the second
semi-transmission layer 26. In addition, the photoresist 20
formed on the substrate 2 is patterned using the blocking layer
22, and the first and second semi-transmission layers 24 and
26 formed on the mask substrate 28. As shown in FIG. 5C, the
patterned photoresist 20 remains only in the RGB sub-pixels
SP1, SP2 and SP3, and the RGB sub-pixels are, in decreasing
order of thickness, the R sub-pixel SP1, the G sub-pixel SP2
and the B sub-pixel SP3.

[0038] Then, referring to FIG. 5D, the conducting polymer
18 is etched using the patterned photoresist 20 as a mask.
Accordingly, the conductive polymer 18 remains only in the
GB sub-pixels SP2 and SP3.

[0039] Then, referring to FIG. 5E, the pattern of the pho-
toresist 20 corresponding to the B sub-pixel SP3 is removed
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through an ashing process and a portion of the conductive
polymer 18 corresponding to the B sub-pixel SP3 is etched
using the pattern of the photoresist 20 as a mask.

[0040] Then, referring to FIG. 5F, the pattern of the photo-
resist 20 corresponding to the G sub-pixel SP2 is removed
through an ashing process or the like and a portion of the
conductive polymer 18 corresponding to the G sub-pixel SP2
and the B sub-pixel SP3 is removed using the pattern of the
photoresist 20 as a mask.

[0041] Then, the pattern of the photoresist 20 correspond-
ing to the R sub-pixel SP1 is removed to form a conducting
polymer 4 on the substrate 2, as shown in FIG. 5G.

[0042] Hereinafter, the conducting polymer 4 of the present
invention will be described in more detail.

[0043] The thickness of the conducting polymer 4
decreases in an order of the R sub-pixel SP1, the G sub-pixel
SP2 and the B sub-pixel SP3, as shown in FIG. 2. This is
determined in consideration of the difference in luminous
efficacy between the red light-emitting layer 10q, the green
light-emitting layer 105 and the blue light-emitting layer 10¢
provided respectively in the RGB sub-pixels SP1, SP2 and
SP3, and aims at implementing microcavity effect through
control of optical distance for improving optical efficacy. The
conducting polymer 4 may be provided only in the R sub-
pixel SP1 and the G sub-pixel SP2, as shown in FIG. 4. In this
case, the thickness of the conducting polymer 4 decreases in
an order of the R sub-pixel SP1 and the G sub-pixel SP2. The
conducting polymer 4 preferably has a thickness of 20 nm to
200 nm, a refractive index of 1.5 t0 2.0, and a transmittance of
90% or more in a visible light range.

[0044] Meanwhile, the conducting polymer 4 may be
formed using a conductive polymer material.

[0045] For example, conducting polymer 4 may be formed
using at least one material selected from a conductive plastic
{(poly(3,4,-ethylene dioxythiophene):polystyrene sulfonic
acid; PEDOT-PSS)}, polyacetylene, polyparaphenylene,
polypyrrole and polyaniline. Preferably, the conducting poly-
mer 4 is formed of a conductive plastic (PEDOT-PSS).

[0046] The first electrode 6 is an anode which is formed on
the conducting polymer 4. The first electrode 6 may be
formed of a transparent and electrically conductive material
such as indium tin oxide (hereinafter, referred to as “ITO”),
indium zinc oxide (hereinafter, referred to as “120”).

[0047] The hole transport layer 8 is formed on the first
electrode 6. The hole transport layer 8 supplies holes from the
hole injection layer to the light-emitting layers 10a, 105 and
10c¢. The hole transport layer 8 is formed of a material having
high hole mobility and thermal stability. For example, the
hole transport layer 8 is formed using an aromatic amine
compound having a rigid structure, or a material such as TPD
(N,N'-diphenyl-N.N'-di(3-methylphenyl)-4,4'-diaminophe-
nyl), NPD (N,N'-bis(1-naphthyl)-N,N'-diphenyl-1,1"-biphe-
nyl-4,4'-diamine), TCTA (4-(9H-carbazol-9-y1)-N,N-bis[4-
(9H-carbazol-9-yl)phenyl]-benzenamine), or CBP (4,4'-N,
N'-dicarbazole-biphenyl). Preferably, the hole transport layer
8 is formed of NPD.

[0048] The light-emitting layers 10q, 105 and 10c are
formed on the hole transport layer 8. The light-emitting layers
10a, 105 and 10¢ include a red light-emitting layer 10a emit-
ting red light provided in each region corresponding to the R
sub-pixel SP1, a green light-emitting layer 10 emitting green
light provided in each region corresponding to the G sub-
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pixel SP2 and a blue light-emitting layer 10¢ emitting blue
light provided in each region corresponding to the B sub-pixel
SP3.

[0049] A host material of the red light-emitting layer 10a
may be bis-(2-methyl)-8-quinolinolato derivative, and a
dopant material thereof may be (biio)2Ir(acac) as an iridium
complex. In this case, preferably, a thickness of the red light-
emitting layer 10a may be set to 200 521 .

[0050] A host material of the green light-emitting layer 105
may be a N2-(9,9-dimethyl-9H-fluorne-2-y1)-9,10-(naphtha-
len-2-yl)anthracene derivative and a dopant material thereof
may be 2,N2,N6,N6,9,10-hexaphenylanthracene-2,6-di-
amine. In this case, preferably, a thickness of the green light-
emitting layer 105 may be set to 200 A.

[0051] A host material of the blue light-emitting layer 10¢
may be a 9-naphthalen-2-yl-1-(naphthalen-3-yl)anthracene
derivative and a dopant material thereof may be a pyrene
derivative. In this case, preferably, a thickness of the blue
light-emitting layer 10c may be set to 250 A.

[0052] The electron transport layer 12 is formed on the
light-emitting layers 10a, 105 and 10¢. The electron transport
layer 12 supplies electrons from the electron injection layer to
the light-emitting layers 10a, 105 and 10. The electron trans-
port layer 12 is formed of a material having high electron
mobility and a lowest unoccupied molecular orbital (LUMQ)
level corresponding to a median value of the second electrode
14 and the light-emitting layers 10a, 105 and 10¢. The elec-
tron transport layer 12 is formed of material such as Alq3,
oxidiazole, triazole, phenathroline, imidazole, silole or
MADN.

[0053] The second electrode 14 is a cathode which is
formed on the electron transport layer 12. The second elec-
trode 14 may be a monolayer structure formed of aluminum
(Al) or silver (Ag), or may be a semi-transparent material
having a multilayer structure formed by laminating alumi-
num (Al) or silver (Ag).

[0054] The front sealing layer 16 is formed on the second
electrode 14. The front sealing layer 16 functions to block
permeation of exterior moisture or oxygen and thereby
improvereliability. For this purpose, the front sealing layer 16
has a structure in which one or more organic layers repeatedly
alternate with one or more inorganic layers. The inorganic
layer is formed of aluminum oxide (Al O,), silicon oxide
(810,), SiN_, SiON and LiF so as to primarily block perme-
ation of exterior moisture or oxygen. In addition, the organic
layer secondarily blocks permeation of exterior moisture or
oxygen. In addition, the organic layer serves as a buffer layer
which reduces stress between respective layers caused by the
OLED display device and strengthens surface uniformity.
The organic layer is formed of a resin such as an acrylic resin,
an epoxy resin or a polyimide resin, or a polymer such as
polyethylene.

TABLE 1
Color Nit X Y
R Related art 63.6 0.665 0.335
Present invention 66.8 0.666 0.334
G Related art 169.1 0.244 0.709
Present invention 172.3 0.244 0.709
B Related art 9.07 0.136 0.051
Present invention 9.95 0.137 0.051

[0055] Table 1 compares the OLED display device accord-
ing to the present invention with the OLED display device
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employing a conventional microcavity technology in terms of
brightness and color characteristics.

[0056] As can be seen from Table 1, the OLED display
device according to the present invention exhibits improved
brightness and similar color characteristics, as compared to
the OLED display device employing a conventional micro-
cavity technology.

[0057] As described above, the present invention controls
thicknesses of RGB sub-pixels to control interference
between primary light emitted from the light-emitting layer
and reflected or re-reflected secondary light and provide
improved brightness and excellent color characteristics. In
particular, the present invention omits a conventional hole
transport layer for thickness control which entails a high
fabrication cost to reduce fabrication costs and reduces the
number of shadow mask processes to further reduce fabrica-
tion costs. In addition, omission of the hole transport layer for
controlling thickness enables prevention the defect in which
openings of shadow masks are clogged. In addition, a con-
ducting polymer for controlling thickness may be formed by
a half-tone mask process which is easier and entails a lower
cost than the shadow mask process, thus enabling cost reduc-
tion and ease of fabrication.

[0058] As apparent from the fore-going, according to the
present invention, it is possible to control interference
between primary light emitted from the light-emitting layer
and reflected or re-reflected secondary light and to provide
improved brightness and excellent color characteristics
through control of thicknesses 0of RGB sub-pixels. In particu-
lar, it is possible to reduce fabrication costs through omission
of the conventional hole transport layer for thickness control,
entailing a high raw material cost and to further reduce fab-
rication costs through reduction of the number of shadow
mask processes. In addition, it is possible to prevent a defect
in which openings of shadow masks are clogged through
omission of the hole transport layer for controlling thickness.
In addition, the conducting polymer for thickness control can
be more easily fabricated at a low cost because it is formed by
a half-tone mask process which is easier and entails a lower
cost than the shadow mask process.

[0059] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An OLED display device comprising:

first and second electrodes formed on a substrate;

ared light-emitting layer, a green light-emitting layer and
a blue light-emitting layer formed between the first and
second electrodes;

a hole transport layer formed between each of the red
light-emitting layer, the green light-emitting layer and
the blue light-emitting layer, and the first electrode;

an electron transport layer formed between each of the red
light-emitting layer, the green light-emitting layer and
the blue light-emitting layer, and the second electrode;
and

a conducting polymer formed between the substrate and
the first electrode;

wherein the conducting polymer having different thick-
nesses in regions respectively corresponding to the red
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light-emitting layer, the green light-emitting layer and
the blue light-emitting layer.

2. The OLED display device according to claim 1, wherein
the thickness of the conducting polymer decreases in an order
of the region corresponding to the red light-emitting layer, the
region corresponding to the green light-emitting layer and the
region corresponding to the blue light-emitting layer.

3. The OLED display device according to claim 1, wherein
the conducting polymer is formed only in the region corre-
sponding to the red light-emitting layer and the region corre-
sponding to the green light-emitting layer, and the thickness
of the conducting polymer decreases in an order of the region
corresponding to the red light-emitting layer and the region
corresponding to the green light-emitting layer.

4. The OLED display device according to claim 1, wherein
the thickness of the conducting polymer is 20 nm to 200 nm.

5. The OLED display device according to claim 1, wherein
the conducting polymer has a refractive index of 1.5 to 2.0 and
a transmittance of 90% or more in a visible light region.

6. The OLED display device according to claim 1, wherein
the conducting polymer is formed of a material selected from
a conductive plastic (PEDOT-PSS), polyacetylene, polypar-
aphenylene, polypyrrole and polyaniline.

7. A method for fabricating an OLED display device com-
prising:

forming a conducting polymer on a substrate;

forming a first electrode on the conducting polymer;

forming a hole transport layer on the first electrode;

forming a red light-emitting layer, a green light-emitting
layer and a blue light-emitting layer on the hole transport
layer;

forming an electron transport layer on the red light-emit-

ting layer, the green light-emitting layer and the blue
light-emitting layer; and

forming a second electrode on the electron transport layer,

wherein the conducting polymer has different thick-
nesses in regions respectively corresponding to the red
light-emitting layer, the green light-emitting layer and
the blue light-emitting layer.

8. The method according to claim 7, wherein the thickness
of the conducting polymer decreases in an order of the region
corresponding to the red light-emitting layer, the region cor-
responding to the green light-emitting layer and the region
corresponding to the blue light-emitting layer.

9. The method according to claim 7, wherein the conduct-
ing polymer is formed only in the region corresponding to the
red light-emitting layer and the region corresponding to the
green light-emitting layer, and the thickness of the conduct-
ing polymer decreases in an order of the region corresponding
to the red light-emitting layer and the region corresponding to
the green light-emitting layer.

10. The method according to claim 7, wherein the thickness
of the conducting polymer is 20 nm to 200 nm.

11. The method according to claim 7, wherein the conduct-
ing polymer has a refractive index of 1.5 to 2.0 and a trans-
mittance of 90% or more in a visible light region.

12. The method according to claim 7, wherein the conduct-
ing polymer is formed of a material selected from a conduc-
tive plastic (PEDOT-PSS), polyacetylene, polyparaphe-
nylene, polypyrrole and polyaniline.

13. The method according to claim 7, wherein the conduct-
ing polymer is formed by a half-tone mask process.
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