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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD FOR
MANUFACTURING THE SAME

[0001] Thepresentapplication claims the priority benefit of
Korean Patent Application No. 10-2012-0045561 filed in
Republic of Korea on Apr/ 30, 2012, which is hereby incor-
porated by reference in its entirety.

BACKGROUND
[0002] 1. Field of the Disclosure
[0003] The present disclosure relates to an organic light

emitting display device (OLED) and a method of fabricating
the same, and more particularly, to an OLED whose light
extraction efficiency is improved and a method of fabricating
the same.

[0004] 2. Discussion of the Related Art

[0005] Following a liquid crystal display, an organic light
emitting display device (OLED) characterized by thin thick-
ness, high definition and driving at low power has been draw-
ing an increasing amount of attention as a next-generation
display. Reflecting such a current trend, research aimed at
mass production of OLEDs has been extensively underway.
[0006] Inparticular, in orderto enhance a device, new emis-
sion materials have been developed, and a multiple-layered
structure for facilitating provision of electrons or holes has
been researched. In addition, a technique enhancing effi-
ciency of extracting internally generated light to the outside
of a device has been developed.

[0007] Currently, light that is not outwardly extracted by
total internal reflection in the OLED but blocked takes up
70% or more of the total emission amount, and if this light is
outwardly extracted, light efficiency of the OLED may be
significantly improved.

[0008] FIG.11sa cross-sectional view of a general OLED,
and illustrates a bottom emission type in which light pen-
etrates in a direction of a substrate 110. According to FIG. 1,
the OLED has a structure in which an anode layer 120 formed
of indium tin oxide (ITO) and/or indium zinc oxide (IZ0), an
organic emission layer 130 and a cathode layer 140 formed of
a metal, are sequentially stacked on the substrate 110.
[0009] Light emitted from the organic emission layer 130
exhibits total reflection on a boundary between the anode
layer 120 and the substrate 110. Here, in principal, an amount
of the first loss of the light takes up 46% or more of the total
emission amount. Also, among the remaining 54% of pen-
etrating light, an amount of a second loss of the light that is
totally reflected on the boundary between the substrate 110
and air is 34% or more in principal. Therefore, the light
extracted outside of the substrate 110 is 20% or less of an
emission rate of light emitted from the organic emission layer
130.

[0010] TheOLED is formed as an ultra-thin film, and emit-
ted light should penetrate the thin film to be outwardly emit-
ted, so that significant light loss may be caused by the total
reflection. When these problems are overcome, the OLED
may be more efficiently implemented.

SUMMARY

[0011] Accordingly, the present invention relates to an
organic light emitting display device (OLED) in which
anodes formed on a substrate are formed to have a double
projection structure to improve light extraction efficiency.
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[0012] one object of the present disclosure is to provide an
OLED having a substrate; a first anode layer disposed on the
substrate and including a plurality of first projections; a sec-
ond anode layer formed on the first anode layer and including
a plurality of second projections; an organic emission layer
formed on the second anode layer; and a cathode layer formed
on the organic emission layer.

[0013] Another object of the present disclosure is to pro-
vide a method of fabricating an OLED, including forming a
first anode layer including a plurality of first projections on a
substrate; forming a second anode layer including a plurality
of second projections on the first anode layer; forming an
organic emission layer on the second anode layer; and form-
ing a cathode layer on the organic emission layer.

[0014] Itisto beunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate exemplary embodiments of the invention and
together with the description serve to explain the principles of
the invention. In the drawings:

[0016] FIG. 1isa cross-sectional view of a general organic
light emitting display device (OLED);

[0017] FIG. 2 is a cross-sectional view of an organic light
emitting display device (OLED) according to some embodi-
ments of the present invention;

[0018] FIG. 3isacross-sectional view of an OLED accord-
ing to additional embodiments of the present invention;
[0019] FIG. 4isacross-sectional view of an OLED accord-
ing to yet additional embodiments of the present invention;
[0020] FIGS. 5A to SE are cross-sectional views illustrat-
ing a method of fabricating an OLED according to some
embodiments of the present invention;

[0021] FIG. 6is a cross-sectional view illustrating a method
of fabricating an OLED according to additional embodiments
of the present invention; and

[0022] FIG.7is across-sectional view illustrating a method
of fabricating an OLED according to yet additional embodi-
ments of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0023] Reference will be made in detail to the exemplary
embodiments, examples of which are illustrated in the
accompanying drawings.

[0024] FIG. 2 is a cross-sectional view of an organic light
emitting display device (OLED) according to some embodi-
ments of the present invention. As illustrated in FIG. 2, the
OLED 200 according to some embodiments of the present
invention includes a substrate 210, a first anode layer 220, a
second anode layer 230, an organic emission layer 240 and a
cathode layer 250.

[0025] First and second projections P1 and P2 may be
formed on the first and second anode layers 220 and 230
formed on the substrate 210, so that a total reflection phenom-
enon is reduced and light extraction efficiency is improved.
The projections P1 and P2 may be formed by crystalline
particles generated by gradually hardening a material consti-
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tuting the first and second anode layers 220 and 230 formed
by sputtering. The size of the crystalline particles is different
depending on a material, and the first and second anode layers
220 and 230 may be formed of different materials, and thus
widths W1 and W2 of the projections P1 and P2 are differ-
ently formed. The widths W1 and W2 used herein denote the
lengths in a horizontal direction of bottoms of the projections
P1 and P2.

[0026] Meanwhile, the material constituting the first and
second anode layers 220 and 230 may be determined by
thicknesses T1 and T2 of the first and second anode layers 220
and 230 depending on a film forming amount of the material
constituting the first and second anode layers 220 and 230.
The thickness T1 of the first anode layer 220 as used herein
denotes alength from a lowermost end to an uppermost end in
adirection vertical to a surface in contact with a substrate 210,
and the thickness T2 of the second anode layer 220 and 230
denotes alength from a lowermost end to an uppermost end in
adirection vertical to a curved surface in contact with the first
anode layer 220. For example, the second anode layer 230
exhibits a curve on the surface in contact with the first anode
layer 220, and thus the vertical direction on which the thick-
ness T2 is based may be varied. A difference between the
thicknesses T1 and T2 of the first and second anode layers 220
and 230 and that between the widths W1 and W2 of the
projections P1 and P2 may have a direct effect on light extrac-
tion efficiency, which is the basic principle of the present
invention.

[0027] First, the substrate 210 may be formed of glass, or
may include polyimide that is a bendable material.

[0028] The first anode layer 220 may be formed on the
substrate 210. The first anode layer 220 may be formed of tin
oxide or zinc oxide using a sputtering method. The first anode
layer 220 may be formed to a thickness T1 from about 500 to
about 2500 A, from about 1000 to about 2000 A, from about
1000 to about 2500 A, or from about 1500 to about 2000 A. A
plurality of projections P1 formed on the first anode layer 220
may be formed to a width W1 from about 1000 to 5000 A,
from about 2000 to about 4000 A, from about 2000 to about
5000 A, or from about 3000 to 4000 A. The first projection P1
may be in the shape of a pillar that is upwardly narrowed and
sharp. The detailed shape may be varied. Therefore, the first
projection P1 that is in the uniform shape in the drawing may
be in various shapes.

[0029] Insome embodiments, the anode layer of the OLED
200 may include a material (e.g. indium tin oxide, indium
zinc oxide, and a mixture thereof) taking into account trans-
mission rate, resistance and work function. Therefore, the
second anode layer 230 may be formed of indium tin oxide
and/or indium zinc oxide to employ a double projection struc-
ture capable of maintaining functions of the anode layer and
having a smoother surface.

[0030] The second anode layer 230 may be formed on the
first anode layer 220. The second anode layer 230 may be
formed of indium tin oxide and/or indium zinc oxide using a
sputtering method. The second anode layer 230 may be
formed to a thickness T2 from about 5 to about 230 A, from
about 10to about 200 A, or from about 50 to about 100 A, and
the plurality of second projections P2 formed on the second
anode layer 230 may be formed to a width W2 from about 10
to about 500 A, from about 50 to about 400 A, from about 100
to about 300 A, or from about 200 to about 300 A. Similar to
the first projection P1, while the second projection P2 may be
in the shape of a pillar that is gradually upwardly narrowed
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and sharp, its detailed shape may be varied. Therefore, while
the second projection P2 is in a uniform shape in the drawing,
the second projection P2 may have various shapes like the
first projection P1.

[0031] Accordingly, the double projection structure of the
anode layers 220 and 230 may cause many diffraction points
of light, so that total reflection of the light at a boundary of the
stacked structure may be further reduced.

[0032] In addition, when the second anode layer 230 may
include indium tin oxide and/or indium zinc oxide, work
function of the anode layers 220 and 230 may be improved,
which may facilitate injection of holes into the organic emis-
sion layer 240.

[0033] The organic emission layer 240 may be formed on
the second anode layer 230. The organic emission layer 240
may be formed of a multiple-layered structure in which sev-
eral layers are stacked to help holes and electrons move as
well as a layer that actually emits light. The organic emission
layer 240 may emit light having energy as great as a band gap
by flowing electrons provided from the cathode layer 250
from a conduction band to a valence band to be combined
with holes provided from the anode layers 220 and 230.
[0034] Meanwhile, when the projection is large and has a
sharp upper end, the organic emission layer 240 formed onthe
anode layers 220 and 230 may be divided and damaged, and
the damage is mainly exhibited on a cusp of the uppermost
end of the projection, i.e., a crack point. In the double projec-
tion structure of the present invention, since the width W2 of
the second projection P2 may be from about 2 to about 500
times, from about 10 to about 100 times, from about 50 to
about 300 times, or from about 100 to about 300 times smaller
than the width W1 of the first projection P1, the second
projection P2 may reduce the degree of sharpness of the first
projection P1. Accordingly, the double projection structure
may remove the crack point to prevent the organic emission
layer 240 from being damaged.

[0035] Thecathode layer 250 may be formed on the organic
emission layer 240. Since the cathode layer 250 may com-
prise a material that exhibits high reflectance (e.g. silver (Ag)
and aluminum (Al)) and may function as a reflection plate as
well as an electrode.

[0036] FIG. 3isacross-sectional view of an OLED accord-
ing to a second embodiment of the present invention.

[0037] As illustrated in FIG. 3, an OLED 200 according to
additional embodiments of the present invention includes a
plurality of third projections P3 on the substrate 210. The
substrate 210 has a refraction index of about 1.5, and the air
has a refraction index of 1.0, and thus total reflection fre-
quently may occur at a boundary between the substrate 210
and the outside. Similarly to the first and second projections
P1 and P2, the third projection P3 may reduce the total reflec-
tion of light penetrating the first and second anode layers 220
and 230 at the boundary between the substrate 210, so that
light extraction efficiency is increased.

[0038] FIG. 4isacross-sectional view of an OLED accord-
ing to some embodiments of the present invention.

[0039] Asillustrated in FIG. 4, the OLED 200 according to
some embodiments of the present invention includes a low
refraction layer 260 between the substrate 210 and the first
anode layer 220.

[0040] Since the low refraction layer 260 may be formed of
a material exhibiting a different refraction index from the
substrate, when light passing through the low refraction layer
260 travels toward the substrate 210, total reflection occurs
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less, so that light loss is reduced, and at the same time,
linearity of light emitted from the substrate 210 may be
improved.

[0041] In addition, when the linearity of light is improved,
the total reflection of light emitted from the OLED 200 is
reduced, so that light extraction efficiency is improved. As
previously described, the substrate 210 according to some
embodiments has a refraction index of about 1.5 that is the
refraction index of glass, and the air has a refraction index of
1.0, and thus when light is outwardly emitted from the sub-
strate 210, the total reflection occurs. However, when linear-
ity of light is improved before the light is outwardly emitted
from the substrate 210, since most of the light travels toward
a boundary between the substrate 210 and the outside at an
incidence angle smaller than a critical angle, the total reflec-
tion may be reduced even though the light travels from a
medium exhibiting low refraction to that exhibiting high
refraction.

[0042] Meanwhile, when the light travels from the anode
layer 220 to the low refraction layer 260, a significant differ-
ence in refraction index therebetween causes total reflection
to frequently occur. In order to prevent this problem, when a
plurality of fourth projections P4 are formed on a surface of
the low refraction layer 260 in contact with the anode layer
220, an incidence angle of the light partially incident on the
fourth projections P4 may be smaller than a critical angle, and
the diffraction phenomenon of the light occurs on an irregular
part, so that the total reflection is reduced.

[0043] Therefore, the low refraction layer 260 may be
formed of a material exhibiting a different (lower or higher)
refraction index than 1.5 that is a refraction index of glass.
The material constituting the different refraction layer 260
includes, for example, SiO, exhibiting a refraction index of
about 1.54.

[0044] A method of fabricating an OLED according to
some entbodiments of the present invention will be described
in detail below with reference to FIGS. SA to 5G.

[0045] Asillustrated in FIG. 5A, first anode layers 220 may
be formed on a substrate 210 using a sputtering method. In an
initial step of film forming of a material constituting the first
anode layers 220, the first anode layers 220 may be grown in
a plurality of pillars spaced apart from each other as illus-
trated in the drawing. In the subsequent process, empty spaces
between the pillars may be filled to be formed in the shape of
alayer, and an upper region in the pillar shape becomes a first
projection P1 of the first anode layer 220.

[0046] Informing the first projection P1, the temperature of
the substrate is maintained similar to a melting point of a
sputtering material to gradually lower the temperature, so that
crystals may be fully generated. When a difference in tem-
perature between the melting point and the substrate is great
and the material rapidly hardens. the material may be solidi-
fied in an amorphous state before forming the crystals, so that
a projection with a desired width cannot be formed. There-
fore, a double projection structure is formed by adjusting the
temperature of the substrate.

[0047] In FIG. 5B, the first anode layers 220 on which a
plurality of projections P1 are formed are illustrated. The first
anode layers 220 may be formed to have a thickness T1 from
about 500 to about 2500 A, from about 1000 to about 2500 A,
from about 1000 to about 2000 A, from about 1500 to about
2000 A, and the plurality of first projections P1 formed on the
firstanode layer 220 may be formedto a width W1 from about
1000 to about 5000 A, from about 2000 to about 4000 A, or
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from about 3000 to about 4000 A. The first anode layer 220
may include tin oxide or zinc oxide.

[0048] While it is not illustrated in the drawing, an etching
or laser process may be further employed after the sputtering
process, and the first projection P1 may be elaborately
handled to a desired size and shape.

[0049] The etching process is a process in which a dipping
or spray process may be performed on a layer to be formed to
expose the layer to an alkaline solution, so that its surface is
etched. After performing the sputtering process, the surface
of the first anode layer 220 may be exposed to an alkaline
solution to further smooth the plurality of first projections P1.
Also, the etching process may enable the formed projections
to be smoothed, and new projections to be formed on the
smooth surface on which no projection is formed.

[0050] The laser process includes radiating a laser in a
specific wavelength absorbed by the layer to be formed to
form projections. When the laser is radiated, the layer absorb-
ing the laser generates heat, so that its surface is melted. At
this time, when radiation of the laser is stopped, the tempera-
ture around the layer is maintained at a lower temperature
than the melting point to form crystals, and the melted part is
hardened again. When crystallization is performed while the
layer is hardened, since its surface is hardened in the same
shape as the crystal, the first projection P1 may be adjusted
again in a similar manner to adjusting the size of crystals
constituting a material.

[0051] The first anode layer 220 may include tin oxide or
zine oxide, and a laser wavelength absorbed by the materials
is in a wavelength of a near infrared ray, which is about 1064
nm. While the melted part is hardened again after radiating a
laser in the wavelength, the width W1 of the plurality of first
projections P1 may be adjusted. The laser process may be
possible after other layers are formed.

[0052] Like the etching process, in the laser process, the
formed projections may be smoothed through recrystalliza-
tion, and new projections may be formed on a smooth surface
on which no projection is formed.

[0053] Next, as illustrated in FIG. 5C, a second anode layer
230 may be formed on the first anode layer 220. The second
anode layer 230 may be formed by a sputtering method as
well. The second anode layer 230 is formed to a thickness T2
from 5t0 250 A, from 10 to 200 A, from 5010 150 A, from 100
to 250 A, or from 100 to 200 A, and a plurality of second
projections P2 formed on the second anode layer 230 may be
formed to a width W2 from about 10 to 500 A, from about 100
to 400 A, from about 150 to 300 A, or from about 200 to 300
A. The second anode layer 230 may include a material whose
growing crystals are smaller than the materials in the first
anode layer 220. For example, the second anode layer 230
may include indium tin oxide and/or indium zinc oxide, and
growing crystals are smaller thantin oxide or zinc oxide in the
first anode layer 220, and thus the width W2 of the second
projection P2 may be smaller than the width W1 of the first
projection P1.

[0054] Further, tin oxide and zinc oxide are superior to
indium tin oxide and/or indium zinc oxide in terms of trans-
parency and price, and thus are good materials capable of
improving brightness and reducing manufacturing costs.
However, tin oxide and zinc oxide exhibit low work function,
and thus have lower efficiency of providing holes to the
organic emission layer 240. In order to overcome the problem
with work function, the second anode layer 230 may include
indium tin oxide and/or indium zinc oxide.
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[0055] When the width, thickness and density of the pro-
jections are insufficiently adjusted using only the sputtering
method in forming the second anode layer 230, the etching or
laser process may be further employed after the sputtering
process, so that the second projection P2 may be smoothed to
a desired size and shape.

[0056] Afterwards, as illustrated in FIG. 5D, the organic
emission layer 240 may be formed on the second anode layer
230. The organic emission layer 240 may be formed by a
thermal evaporation method. The organic emission layer 240
is formed on the anode layers 220 and 230 from which a crack
point is removed, and thus may not be damaged in or after the
formation of the layer.

[0057] Then, as illustrated in FIG. 5E, a cathode layer 250
is formed on the organic emission layer 240. The cathode
layer 250 may be formed by a sputtering method, and may
formed of a metal (e.g. silver (Ag) or aluminum (Al)) exhib-
iting a high reflection index. The light emitted to a rear surface
of the organic emission layer 240 is reflected from the cathode
layer 250 to be emitted to the outside, so that brightness may
be enhanced.

[0058] FIG. 6is across-sectional view illustrating a method
of fabricating an OLED according to further embodiments of
the present invention, and is a view illustrating a method of
fabricating only parts different from those described in the
first embodiment.

[0059] As illustrated in FIG. 6, a plurality of third projec-
tions P3 may be formed on the substrate 210. The third
projections P3 may be formed through the above-described
etching process orlaser process. It is illustrated in the drawing
that the third projections P3 may be formed on the substrate
210 using a laser after the cathode layer 250 is formed. That
is, the substrate 210 may be exposed to an alkaline solution to
etch a surface of the substrate or a laser s radiated to melt the
surface of the substrate 210, so that the third projections P3
are formed through recrystallization.

[0060] FIG.7is across-sectional view illustrating a method
of fabricating an OLED according to yet further embodi-
ments of the present invention, and is a view illustrating a
method of fabricating only parts different from those
described in the second embodiment.

[0061] As illustrated in FIG. 7, a plurality of fourth projec-
tions P4 may be formed on a surface of a low refraction layer
260 in contact with the substrate 210. It is illustrated in the
drawing that the fourth projections P4 may be formed on the
low refraction layer 260 using a laser after forming the cath-
ode layer 250. While the etching process of the methods of
forming the fourth projections P4 may be performed before
forming the anode layers 220 and 230, the laser process may
be performed regardless of time after the low refraction layer
260 is formed.

[0062] According to the present invention, anodes formed
on a substrate have a double projection structure to improve
light extraction efficiency.

[0063] Also, the anodes that are in contact with an organic
emission layer employ a double projection structure to
remove a crack point, so that the organic emission layer may
be prevented from being damaged.

[0064] Further, according to the present invention, light
extraction efficiency is enhanced, so that high brightness can
be implemented with low power consumption.

[0065] It will be apparent to those skilled in the art that
various modifications and variations can be made in a display
device of the present disclosure without departing from the
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sprit or scope of the invention. Thus, it is intended that the
present invention covers the modifications and variations of
this invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. An organic light emitting display device (OLED), com-
prising:

a substrate;

a first anode layer disposed on the substrate and including

a plurality of first projections;

a second anode layer disposed on the first anode layer and

including a plurality of second projections;

an organic emission layer formed on the second anode

layer; and

a cathode layer formed on the organic emission layer.

2. The OLED according to claim 1, wherein the first and
second anode layers are formed of different materials.

3. The OLED according to claim 1, wherein the first anode
layer comprises tin oxide or zinc oxide, and the second anode
layer comprises indium tin oxide or indium zinc oxide.

4. The OLED according to claim 1, wherein widths W1 and
W2 of the first and the second projections, respectively, are
different, and/or thickness T1 and T2 of the first and the
second projections, respectively, are different.

5. The OLED according to claim 1, wherein the first anode
layer has a thickness T1 from about 500 to about 2500 A, the
first projections has a width W1 from about 1000 to 5000 A,
the second anode layer has a thickness T2 from about 5 to
about 250 A, and the second projections as a width W2 from
about 10 to about 500 A.

6. The OLED according to claim 1, wherein a width W2 of
the second projections are from about 2 to about 500 times
smaller than a width W1 of the first projections.

7. The OLED according to claim 1, wherein the cathode
layer comprises silver or aluminum.

8. The OLED according to claim 1, wherein the substrate
includes a plurality of third projections.

9. The OLED according to claim 1, further comprising a
low refraction layer disposed on the substrate, wherein the
low refraction layer includes a plurality of fourth projections
in contact with the first or second anode layer.

10. A method of fabricating an organic light emitting dis-
play device (OLED), comprising:

forming a first anode layer including a plurality of first

projections on a substrate;

forming a second anode layer including a plurality of sec-

ond projections on the first anode layer;

forming an organic emission layer on the second anode

layer; and

forming a cathode layer on the organic emission layer.

11. The method according to claim 10, wherein the first and
second anode layers are formed of different materials.

12. The method according to claim 10, wherein the first
anode layer comprises tin oxide or zinc oxide, and the second
anode layer comprises indium tin oxide and/or indium zinc
oxide.

13. The method according to claim 10, wherein widths W1
and W2 of the first and the second projections, respectively,
are different, and/or thickness T1 and T2 of the first and the
second projections, respectively, are different.

14. The method according to claim 10, wherein the first
anode layer has a thickness T1 from about 500 to about 2500
A, the first projections has a width W1 from about 1000 to
50004, the second anode layer has a thickness T2 from about
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5 to about 250 A, and the second projections as a width W2
from about 10 to about 500 A.

15. The method according to claim 10, wherein a width W2
of the second projections are from about 2 to about 500 times
smaller than a width W1 of the first projections.

16. The method according to claim 10, wherein the sub-
strate includes a plurality of third projections.

17. The method according to claim 10, further comprising
forming a low refraction layer disposed on the substrate,
wherein the low refraction layer includes a plurality of fourth
projections in contact with the first or second anode layer.

18. The method according to claim 10, wherein the first
anode layer is formed by a sputtering method comprising
growing the first anode layer in a plurality of pillars spaced
between the pillars, and filling the space and an upper region
of the pillar.

19. The method according to claim 18, wherein the method
further comprises etching or laser process to form the plural-
ity of the third projections.

20. The method according to claim 10, wherein in forming
the first projections, the temperature of the substrate is main-
tained similar to a melting point of a sputtering material to
gradually lower the temperature.
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