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ORGANIC LIGHT EMITTING DIODE
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0041232 filed in the
Korean Intellectual Property Office on Apr. 15, 2013, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The disclosed technology relates to an organic light
emitting diode display and methods of making the same.
More particularly. the organic light emitting diode display
includes a grid layer.

[0004] 2. Description of the Related Technology

[0005] An organic light emitting diode (OLED) 1s self-light
emitting and unlike a liquid crystal display (LCD), it does not
require a separate light source. Therefore, the thickness and
weight of the OLED device is reduced and its flexibility is
improved. Further, the OLED device has other beneficial
qualities such as low power consumption, high luminance,
and high activation speed.

[0006] Because an OLED device can be manufactured to
have reduced weight and thickness, it is also useful for inte-
gration in portable electronics.

[0007] However, when the image of the OLED device is
viewed outdoors, sunlight is reflected by a metal reflective
layer, and the contrast and visibility of the device may be
compromised.

[0008] In order to solve this problem, a circularly polariz-
ing plate can be formed on the OLED device. However, an
adhesion layer and a protection layer such as TAC are also
required with the use of the polarizing plate to increase the
thickness and strength of the device.

[0009] Accordingly, the use of polarizing plate can limit the
flexibility of the OLED device and increase the rate of pro-
duction defects caused by foreign particles caused by lami-
nation of multiple layers.

[0010] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the disclosure and therefore it may contain
information that does not form the prior art that is already
known to a person of ordinary skill in the art.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0011] The present disclosure has been made in an effort to
provide an OLED device having an improved flexible char-
acteristic and a reduced thickness.

[0012] Inaddition, the present disclosure has been made in
an effort to provide an OLED device having increased vis-
ibility and contrast.

[0013] Some embodiments described herein provide an
organic light emitting diode device including a display panel,
a grid layer positioned on the display panel and including a
plurality of protrusions formed of a first protrusion and a
second protrusion formed on a surface of the first protrusion;
and a window positioned on the grid layer.

[0014] In some embodiments, the first protrusion may be
formed of Al (aluminum).
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[0015] In some embodiments, a protection layer may be
disposed between the first protrusion and the second protru-
sion and be formed of Ti (titanium) or Cr (chrome).

[0016] Insomeembodiments, a thickness of the protection
layer may be 5 or less of the thickness of the first protrusion.
[0017] In some embodiments, the second protrusion may
be formed of aluminum oxide and colored black.

[0018] In some embodiments, a height of the plurality of
protrusions may be 150 nm or more, and an interval between
the protrusions may be 50 nm or less.

[0019] In some embodiments, a thickness of the second
protrusion may be 20 nm to 30 nm.

[0020] In some embodiments, the organic light emitting
diode device may further include a touch panel positioned
between the device panel and the grid layer.

[0021] In some embodiments, the organic light emitting
diode device may further include a retardation layer posi-
tioned between the touch panel and the grid layer.

[0022] In some embodiments, the organic light emitting
diode device can further include: an optical clear adhesive
layer positioned between the touch panel and the grid layer.
[0023] Insomeembodiments, the window can be formed of
a single layer or a plurality of layers including at least one of
polycarbonate (PC), polymethyl methacrylate (PMMA), pol-
varylate (PAR), polyethersulfone (PES), polyethylene
terephthalate (PET), and polyethylene naphthalate (PEN).
[0024] In some embodiments, the organic light emitting
diode device can have increased contrast without adding a
polarizing plate.

[0025] Further, since the thick polarizing plate is removed,
the flexible characteristic of the organic light emitting diode
device can be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a cross-sectional view of a grid layer
according to some embodiments.

[0027] FIGS. 2 and 3 are cross-sectional views of a grid
layer according to some embodiments.

[0028] FIG. 4is a view schematically illustrating an optical
path of a grid layer according to the exemplary embodiment.
[0029] FIGS. 5 to 12 are cross-sectional views sequentially
illustrating a method of manufacturing the grid layer accord-
ing to the exemplary embodiment.

[0030] FIG. 13 is a schematic cross-sectional view of an
organic light emitting diode device according to some
embodiments.

[0031] FIG. 14 is an equivalent circuit view of one pixel of
an organic light emitting device panel according to the exem-
plary embodiment.

[0032] FIGS. 15 and 16 are schematic cross-sectional
views of an organic light emitting diode device according to
some embodiments.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0033] The present disclosure will be described more fully
hereinafter with reference to the accompanying drawings, in
which the embodiments of the description are shown. As
those skilled in the art would realize, the described embodi-
ments may be modified in various different ways, all without
departing from the spirit or scope of the present disclosure.

[0034] A portion that does not relate to the description is
omitted in order to describe the present disclosure, and the
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same or like constituent elements designate the same refer-
ence numerals throughout the specification.

[0035] In addition, the size and thickness of each compo-
nent shown in the drawings are arbitrarily shown for under-
standing and ease of description, but the present disclosure is
not limited thereto.

[0036] In the drawings, the thickness of layers, films, pan-
els, regions, and etc., are exaggerated for clarity. In the draw-
ings, for understanding and ease of description, the thickness
of some layers and areas is exaggerated. 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 intervening elements may also be
present.

[0037] 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. Further, in the specification, the word “on” means
positioning on or below the object portion, but does not essen-
tially mean positioning on the upper side of the object portion
based on a gravity direction.

[0038] Hereinafter, an optical unit according to some
embodiments of the present disclosure will be described with
reference to the drawings.

[0039] FIG. 1 is a cross-sectional view of a grid layer
according to some embodiments.

[0040] As illustrated in FIG. 1, the grid layer according to
the present disclosure includes a plurality of protrusions 300
formed on a substrate 100. The substrate 100 may be a display
panel including an organic light emitting diode.

[0041] The protrusions 300 include a first protrusion 22
protruding from the substrate 100 and a second protrusion 52
formed on a surface of the first protrusion 22.

[0042] The first protrusion 22 may be formed of a single
metallic material such as aluminum. A protection layer 42
may be disposed between the first protrusion and the second
protrusion. A protection layer 42 may be formed of titanium,
molybdenum, chromium, or any combinations thereof. In
some embodiments, the protection layer 42 can be formed to
protect the aluminum of the first protrusion 22. The thickness
of the protection layer 42 may be %5 or less of the thickness of
the first protrusion 22.

[0043] The second protrusion 52 is formed of aluminum
oxide. In some embodiments, the second protrusion 52 can be
formed by anodization. In some embodiments, the second
protrusion 52 may be black.

[0044] As shown in FIG. 1, the height (H) of the protrusion
300 may be 150 nm or more, and the interval (D) between the
protrusions 300 may be 50 nm or less. The thickness of the
second protrusion 52 may be 20 nm to 30 nm.

[0045] FIGS. 2 and 3 are cross-sectional views of a grid
layer according to some embodiments.

[0046] As illustrated in FIG. 2, the grid layer according to
the present disclosure includes a plurality of protrusions 302
formed on a substrate 100.

[0047] The protrusions 302 include a first protrusion 22
protruding from the substrate 100 and a second protrusion 52
formed on a surface of the first protrusion 22.

[0048] Thefirst protrusion 22 is formed of a single material
such as aluminum, and the second protrusion 52 is formed of
aluminum oxide formed by anodization and is black.

[0049] In some embodiments, the height of the protrusion
302 may be 150 nm or more, and the interval between the
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protrusions 302 may be 50 nm or less. In some embodiments,
the thickness of the second protrusion 52 may be about 20 nm
to 30 nm.

[0050] The gridlayer according to the present disclosure as
illustrated in FIG. 3 includes a plurality of protrusions 302
formed on the substrate 100.

[0051] Since the protrusion of FIG. 3 is the same as the
protrusion of FIG. 2, only a different portion will be specifi-
cally described.

[0052] The grid layer of FIG. 3 further includes a black
matrix layer formed on the protrusion 302. The black matrix
layer is formed of a material such as chromium oxide.
[0053] Insomeembodiments, when the grid layer is formed
, an optical path transferring light from the OLED device to
the outside can be provided, and the luminance of the OLED
device is prevented from being reduced by incident light from
the outside. Accordingly, the contrast of the organic light
emitting diode display is improved.

[0054] The above feature will be specifically described
with reference to FIG. 4.

[0055] FIG. 4 is a schematic view illustrating an optical
path of a grid layer according to some embodiments.

[0056] The grid layer of FIG. 4 is positioned on a cathode
730 of the OLED device. Accordingly, light transferred from
an emission layer 720 passes through a space between pro-
trusions 302 1o be emitted to the outside.

[0057] In addition, since the external light is absorbed by
the black second protrusion 52, reflection of the external light
may be reduced. Accordingly, contrast of the OLED device
may be improved.

[0058] Meanwhile, since the grid layer according to the
embodiment is formed to have a thickness of 150 nm or less,
the grid layer may replace a polarizing plate, which has a
thickness of several tens microns. Therefore, the thickness of
the organic light emitting diode display may be reduced. In
addition, in the case where the organic light emitting diode
display is formed of a flexible substrate, since the known
polarizing plate of a thick and rigid material is not used, the
flexible characteristic of the organic light emitting diode
device can be improved.

[0059] Hereinafter, methods of manufacturing the grid
layer of FIG. 1 will be specifically described with reference to
FIGS. 5to 12.

[0060] FIGS.5 to 12 are cross-sectional views sequentially
illustrating methods of manufacturing the grid layer accord-
ing to some embodiments.

[0061] Asillustrated in FIG. 5, a metal layer 2 is formed on
a substrate 100, and a resist layer 4 is formed on the metal
layer 2. The metal layer 2 is formed of aluminum. A protec-
tion layer 42 formed of metal such as molybdenum or tita-
nium or an insulating material such as SiO, may be further
included in order to protect the aluminum of the metal layer 2.
[0062] The resist layer 4 may be formed of a thermosetting
polymer resin or a thermoplastic polymer resin.

[0063] The thermosetting polymer resin progresses in a
sufficiently flowable state so that the resin flows into a pattern
defined by a mold 500 when the thermosetting polymer resin
comes into contact with the mold 500. In addition, the ther-
moplastic polymer resin may be heated to form a flowable
state before being pressed by the mold 500, and may be heated
to atemperature that is higher than a glass transition tempera-
ture of a general resin.

[0064] Examples of the thermoplastic polymer resin
include but not limited to poly(methyl methacrylate), poly-
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styrene, poly(benzyl methacrylate), poly(cyclohexyl meth-
acrylate), or any combinations thereof.

[0065] Next, as illustrated in FIG. 6, the resist layer is
pressed by the mold 500 to allow the resin to flow into the
pattern defined by the mold 500, and then cured to form a
sacrificial pattern 62.

[0066] In some embodiments, when the resist layer is
formed of the thermosetting polymer resin, the resist layer
can be pressed by the mold, heated, and cured, and the mold
is then removed. In the case where the resist layer is formed of
the thermoplastic polymer resin, the resist layer can become
a fluid by heating, and then be pressed by the mold. Thereaf-
ter, after the resist layer is cured by cooling, the mold is
removed. The process of applying heat may be performed
together with pressing.

[0067] Next, as illustrated in FIG. 7, the protection layer
and the metal layer are etched by using an etching mask to
form first protrusions 22 and 42.

[0068] Next, as illustrated in FIG. 1, a second protrusion 52
is formed on the first protrusion 22. The second protrusion 52
may be formed by an anodizing process.

[0069] Inthe anodizing process, the substrate on which the
first protrusion is formed is immersed in a diluted sulfuric
acid solution at a concentration of 10% to 30%, and a voltage
of 2V to 10V is applied to oxidize the surface of the first
protrusion. In some embodiments, the second protrusion is
formed to have a thickness of 20 nm to 30 nm.

[0070] In this case, the immersing is performed for 10
minutes to 2 hours when the sulfuric acid is at a temperature
of the sulfuric acid solution of 10° C. to 20° C.

[0071] Thereafter, the color of the second protrusion 52 is
changed into black by a coloring process.

[0072] The coloring process is performed in an aqueous
solution including a dye for plating at a temperature of 60° C.
to 70° C. for 5 mins to 50 mins. The second protrusion is
colored to have a black color by the coloring process.
[0073] FIGS. 8 to 12 are views illustrating a method of
manufacturing a grid layer according to some embodiments.
[0074] Asillustrated in FIG. 8, a resist layer 6 is formed on
a substrate 100, and a mold for imprint 500 is arranged.
[0075] Next, as illustrated in FIG. 9, a sacrificial pattern 62
is formed by an imprint process. The imprint process is
formed by the same method as FIG. 5.

[0076] Next, as illustrated in FIG. 10, a metal layer 2 is
formed to cover the sacrificial pattern 62. The metal layer 2 is
formed of aluminum. The metal layer 2 is formed to fill an
interval between the sacrificial patterns 62. The metal layer is
formed of only aluminum in FIG. 10. In some embodiments,
a protection layer may be formed on the metal layer 2.
[0077] Next, as illustrated in FIG. 11, polishing is per-
formed by a chemical mechanical planarization (CMP) pro-
cess until the sacrificial pattern 62 is exposed.

[0078] Next, as illustrated in FIG. 12, the sacrificial pattern
62 is removed to form a first protrusion 22.

[0079] Thereafter, as illustrated in FIG. 2, a second protru-
sion 52 is formed on the first protrusion 22. The second
protrusion 52 may be formed by an anodizing process. There-
after, the second protrusion 52 is colored to have a black color
by a coloring process.

[0080] Hereinafter, an OLED device including the grid
layer described in FIGS. 1 to 3 will be specifically described
with reference to FIGS. 13 to 16.

[0081] FIG. 13 is a schematic cross-sectional view of an
OLED device according to some embodiments.
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[0082] As illustrated in FIG. 13, the OLED device may
include a display panel 800, a touch panel 820 positioned on
the display panel 800, a grid layer 840 positioned on the touch
panel 820, and a window 860 positioned on the grid layer 840.
[0083] Thedisplay panel 800 may be an organic light emit-
ting display panel including the organic light emitting diode.
The organic light emitting display panel may include a sub-
strate 100, and a plurality of pixels (not illustrated) formed on
the substrate 100.

[0084] The substrate 100 may be a transparent insulating
substrate formed of glass, quartz, ceramic, plastic, or the like,
or the substrate 100 may be a metallic substrate formed of
stainless steel or the like.

[0085] Referring to FIG. 14, the organic light emitting dis-
play panel including a pixel will be specifically described.
[0086] FIG. 14 is an equivalent circuit view of one pixel of
an organic light emitting display panel according to some
embodiments.

[0087] Referring to FIG. 14, the organic light emitting dis-
play panel includes a plurality of signal lines 121, 171, and
172 formed on a substrate, and a pixel (PX) connected
thereto.

[0088] The signal lines include a scanning signal line 121
transferring a gate signal (or a scan signal), a data line 171
transferring a data signal, a driving voltage line 172 transfer-
ring a driving voltage, and the like. The scan signal lines 121
extend in an approximate horizontal direction and are sub-
stantially parallel to each other, and the data lines 171 extend
in an approximate vertical direction and are substantially
parallel to each other. The driving voltage line 172 extending
in an approximate vertical direction is illustrated, but the
driving voltage line 172 may extend in a horizontal direction
or a vertical direction or may be formed to have a mesh shape.
[0089] One pixel (PX) includes a switching transistor (Qs),
a driving transistor (Qd), a storage capacitor (Cst), and an
organic light emitting diode 70.

[0090] The switching transistor (Qs) has a control terminal,
an input terminal, and an output terminal, and the control
terminal is connected to the scan signal line 121, the input
terminal is connected to the data line 171, and the output
terminal is connected to the driving transistor (Qd). The
switching transistor (Qs) responses the scan signal received
from the scan signal line 121 to transfer the data signal
received from the data line 171 to the driving transistor (Qd).
[0091] The driving transistor (Qd) has a control terminal,
an input terminal, and an output terminal, and the control
terminal is connected to the switching transistor (Qs), the
input terminal is connected to the driving voltage line 172,
and the output terminal is connected to the organic light
emitting diode 70. The driving transistor (Qd) allows the
output current (ILD) to vary based on the voltage applied
between the control terminal and the output terminal to flow
therethrough.

[0092] The capacitor (Cst) is connected between the con-
trol terminal and the input terminal of the driving transistor
(Qd). This capacitor (Cst) charges the data signal applied to
the control terminal of the driving transistor (Qd) and main-
tains the data signal even after the switching transistor (Qs) is
turned off.

[0093] In some embodiments, the organic light emitting
diode 70 may have an anode connected to the output terminal
of the driving transistor (Qd) and a cathode connected to a
common voltage (Vss). The organic light emitting diode 70
displays an image by emitting light while the intensity thereof
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is changed according to the output current (ILD) of the driv-
ing transistor (Qd). The organic light emitting diode 70 may
include an organic material intrinsically emitting any one or
at least one light of primary colors such as the three primary
colors of red, green, and blue, and the organic light emitting
diode device displays a desired image by a spatial sum of the
colors.

[0094] Referring to FIG. 13 again, a touch panel 820 may
be a capacitance type or a pressure sensitive type, and senses
atouch operation of a user to the organic light emitting diode
display.

[0095] A grid layer 840 may be any one of the grid layers of
FIGS. 1 to 3, and may be the grid layer of FIG. 1 in FIG. 13.
[0096] The grid layer 840 serves to reduce reflection of
external light by a display panel which emits light and by the
touch panel which senses the touch operation. Therefore, the
use of the grid layer can minimize the a loss of light emitted
from the organic light emitting diode to the outside and
improve visibility of the entire display device.

[0097] A window 860 is positioned on an optical film and is
formed of a transparent material so that a user can see a
display portion at a front side of the display panel. For
example, the window 860 may be formed of a single layer or
a plurality of layers including tempered glass or a polymer
material. The polymer material may be polycarbonate (PC),
polymethyl methacrylate (PMMA), polyarylate (PAR), poly-
ethersulfone (PES), polyethylene terephthalate (PET), poly-
ethylene naphthalate (PEN), or any combinations thereof.
[0098] The window 860 is positioned at the outermost por-
tion of the display device to prevent an internal display panel
or the like from being damaged by an external impact.
[0099] FIGS. 15 and 16 are schematic cross-sectional
views of an organic light emitting diode display according to
some embodiments.

[0100] Since the interlayer constitution of the OLED
device of FIGS. 15 and 16 is mostly identical to that of FIG.
14, only a different portion will be specifically described.
[0101] The organic light emitting diode display of FIG. 15
includes a display panel 800, a touch panel 820 positioned on
the display panel 800, a retardation layer 832 positioned on
the touch panel 820, an optical clear adhesive (OCA) layer
834 positioned on the retardation layer 832, a grid layer 840
positioned on the optical clear adhesive layer 834, and a
window 860 positioned on the grid layer 840.

[0102] The retardation layer 832 may delay a phase by i/4.
A portion of external light passes through the grid layer,
passes through the retardation layer, and is reflected on an
electrode of the display panel. The reflected light passes
through the retardation layer again and the phase is delayed
by 90°, and thus the light does not pass through the grid layer
and is dissipated. Accordingly, contrast of the organic light
emitting diode display may be increased.

[0103] The organic light emitting diode display of FIG. 16
further includes a display panel 800, a touch panel 820 posi-
tioned on the display panel 800, a grid layer 840 positioned on
the touch panel 820, a window 860 positioned on the grid
layer 840, and an antireflection layer or an antifingerprint
layer positioned on the window 860.

[0104] Inthe aforementioned embodiments, position of the
grid layer directly beneath the window is described, but the
grid layer may be formed at various positions, such as on the
window, beneath or directly on the retardation layer 832, or
directly on the touch panel, if necessary.
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[0105] While this disclosure has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the disclosure
is not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. An organic light emitting diode device comprising:

a display panel,

a grid layer positioned on the display panel and including a
plurality of protrusions, comprising a first protrusion
and a second protrusion formed on a surface of the first
protrusion; and

a window positioned on the grid layer.

2. The organic light emitting diode device of claim 1,
wherein a protection layer is disposed between the first pro-
trusion and the second protrusion.

3. The organic light emitting diode device of claim 1,
wherein:

the first protrusion is formed of Al (aluminum).

4. The organic light emitting diode device of claim 1,
wherein:

a thickness of the protection layer is 5 or less of the

thickness of the first protrusion.

5. The organic light emitting diode device of claim 1,
wherein:

the second protrusion is formed of aluminum oxide and has
a black color.

6. The organic light emitting diode device of claim 1,

wherein:

the thickness of the second protrusion is from about 20 nm
to about 30 nm.

7. The organic light emitting diode device of claim 1,

wherein:

the height of the plurality of protrusions is equal to or larger
than about 150 nm, and the interval between the protru-
sions is equal to or less than about 50 nm.

8. The organic light emitting diode device of claim 1,

further comprising:

atouch panel positioned between the display panel and the
grid layer.

9. The organic light emitting diode device of claim 8§,

further comprising:

a retardation layer positioned between the touch panel and
the grid layer.

10. The organic light emitting diode device of claim 8,

further comprising:

an optical clear adhesive layer positioned between the
touch panel and the grid layer.

11. The organic light emitting diode device of claim 1,

wherein:

the window is formed of a single layer or a plurality of
layers comprising polycarbonate (PC), polymethyl
methacrylate (PMMA), polyarylate (PAR), polyether-
sulfone (PES), polyethylene terephthalate (PET), poly-
ethylene naphthalate (PEN), or any combinations
thereof.

12. The organic light emitting diode device of claim 2,

wherein:

the protection layer is formed of Ti (titanium) or Cr
(chrome).

13. The organic light emitting diode display of claim 1,

wherein:
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an optical clear adhesive layer positioned between the
touch panel and the grid layer.
14. A method of making an organic light emitting diode,
comptrising:
forming a metal layer on a substrate;
forming a resist layer on the metal layer;
heating the resist layer so as to allow the resist layer to be
molded by a mold and curing the molded resist layer,
wherein the mold comprises a plurality of protrusions
spaced apart from each other;
etching the molded resist layer to form at least one first
protrusion;
forming a second protrusion on each of the first protrusion
through an anodizing process; and
coloring the second protrusion to be black.
15. The method of claim 14, further comprising forming a
protective layer between the metal layer and the resist layer to
protect the metal layer.
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16. The method of claim 14, wherein the first protrusion is
formed of Al (aluminum).

17. The method of claim 14, wherein:

the second protrusion is formed of aluminum oxide and has

a black color.

18. The method of claim 14, wherein:

the thickness of the secon protrusion is from about 20 nm to

about 30 nm.

19. The method of claim 14, wherein the height of the
plurality of protrusions is larger than or equal to about 150
nm, and the interval between the protrusions is less than or
equal to about 50 nm.

20. The method of claim 14, wherein the anodizing process
is performed by immersing the substrate on which the firstr
protrusion is formed in an acid solution and applying a volt-
age to oxidize the surface of the first protrusion.
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