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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority benefit of
Republic of Korea Patent Application No. 10-2017-0067811
filed on May 31, 2017, which are incorporated herein by
reference in its entirety.

BACKGROUND

Field of Technology

[0002] The present disclosure relates to a display device,
and more particularly to a display device for improving an
outcoupling efficiency of emitted light.

Discussion of the Related Art

[0003] With the development of information society,
demands for display devices displaying an image are
increasing in various ways. In the field of display devices, a
large-sized cathode ray tube (CRT) has been rapidly
replaced by a flat panel display (FPD) having advantages of
a thin profile, light weight, and a large-sized screen.
Examples of the flat panel display include a liquid crystal
display (LCD), a plasma display panel (PDP), an organic
light emitting diode (OLED) display, and an electrophoresis
display (EPD).

[0004] An OLED display includes self-emitting elements
capable of emitting light by themselves and has advantages
of a fast response time, a high emission efficiency, a high
luminance, and a wide viewing angle. In particular, the
OLED display can be manufactured on a flexible plastic
substrate. In addition, the OLED display has advantages of
a lower driving voltage, lower power consumption, and
better color tone as compared to a plasma display panel or
an inorganic electroluminescent display.

[0005] The OLED display is roughly classified into a top
emission OLED display and a bottom emission OLED
display depending on an emission direction of light emitted
from an emission layer.

[0006] In the bottom emission OLED display, light emit-
ted from an emission layer is emitted toward a substrate on
which a thin film transistor for driving an element is formed.
On the other hand, in the top emission OLED display, light
emitted from an emission layer is emitted toward a position
opposite a substrate on which a thin film transistor for
driving an element is formed. To this end, the top emission
OLED display includes a reflective electrode as an anode
and a transmissive electrode capable of transmitting light as
a cathode. Thus, light emitted from the emission layer is
reflected from the reflective electrode and is emitted to the
transmissive electrode. In this instance, light emitted from
the emission layer may be totally reflected to the inside of
the OLED display duet to a difference in a refractive index
between the cathode having a high refractive index and a
structure (for example, a passivation layer) on the cathode.
The light totally reflected to the inside of the OLED display
is trapped inside the OLED display, and thus an outcoupling
efficiency of the OLED display is reduced.

[0007] Accordingly, studies are being actively carried out
to more efficiently extract light emitted from the OLED
display for the improvement of the outcoupling efliciency.
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SUMMARY

[0008] The present disclosure provides a display device
capable of improving an outcoupling efficiency of emitted
light.

[0009] In one embodiment, a display device comprises: a
substrate; a subpixel arranged on the substrate, the subpixel
including an organic light emitting diode having an emission
portion that emits light; a first passivation layer disposed on
the organic light emitting diode; at least one lens positioned
on the first passivation layer, the at least one lens disposed
in a position corresponding to the emission portion of the
organic light emitting diode; a cover layer covering the at
least one lens; and a second passivation layer disposed on
the cover layer.

[0010] In another embodiment, a display device com-
prises: a substrate; a subpixel arranged on the substrate, the
subpixel including an organic light emitting diode having an
emission portion that emits light; at least one lens positioned
on the organic light emitting diode, the at least one lens
entirely overlapping the emission portion in its entirety; and
a first cover layer on the at least one lens.

[0011] In another embodiment, a display device com-
prises: a plurality of pixels that each include a plurality of
sub-pixels, each of the plurality of sub-pixels of at least one
pixel including; an emission portion that emits light; and at
least one lens that overlaps the emission portion and com-
prises a diameter that is at least as wide as width of the
emission portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, that may be included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with
the description serve to explain various principles of the
disclosure.

[0013] FIG. 1 is a schematic block diagram of an organic
light emitting diode (OLED) display according to an
embodiment of the disclosure.

[0014] FIG. 2 illustrates a first example of a circuit con-
figuration of a subpixel according to an embodiment of the
disclosure.

[0015] FIG. 3 illustrates a second example of a circuit
configuration of a subpixel according to an embodiment of
the disclosure.

[0016] FIG. 4 is a cross-sectional view illustrating a sub-
pixel of an OLED display according to an embodiment of
the disclosure.

[0017] FIG. 5 is a cross-sectional view of an OLED
display according to a first embodiment of the disclosure.
[0018] FIG. 6 is a plan view of an OLED display accord-
ing to the first embodiment of the disclosure.

[0019] FIG. 7 is a cross-sectional view of an OLED
display according to a second embodiment of the disclosure.
[0020] FIG. 8 is a plan view of an OLED display accord-
ing to the second embodiment of the disclosure.

[0021] FIG. 9is a cross-sectional view illustrating another
configuration of an OLED display according to the second
embodiment of the disclosure.

[0022] FIG. 10 is a plan view illustrating another configu-
ration of an OLED display according to the second embodi-
ment of the disclosure.
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[0023] FIG. 11 is a cross-sectional view of an OLED
display according to a third embodiment of the disclosure.
[0024] FIGS. 12 to 17 are cross-sectional views illustrat-
ing in stages a method of manufacturing an OLED display
according to a first embodiment of the disclosure.

[0025] FIG. 18 is a graph illustrating an emission intensity
depending on a viewing angle in OLED displays manufac-
tured according to a comparative example and a first
embodiment and a third embodiment of the disclosure.

DETAILED DESCRIPTION

[0026] Reference will now be made in detail to embodi-
ments of the disclosure, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts. It will be paid attention that
detailed description of known arts will be omitted if it is
determined that the arts can mislead the embodiments of the
disclosure. Names of the respective elements used in the
following explanations are selected only for convenience of
writing the specification and may be thus different from
those used in actual products. In the description of positional
relationships, when a structure is described as being posi-
tioned “on or above”, “under or below”, “next to” another
structure, this description should be construed as including
a case in which the structures directly contact each other as
well as a case in which a third structure is disposed ther-
ebetween.

[0027] A display device according to embodiments of the
disclosure is a plastic display device, in which a display
element is formed on a flexible plastic substrate. Examples
of the plastic display device include an organic light emitting
diode (OLED) display, a liquid crystal display (LCD), and
an electrophoresis display. Embodiments are described
using the OLED display by way of example. An OLED
display includes an emission layer, that is formed of an
organic material, between a first electrode serving as an
anode and a second electrode serving as a cathode. The
OLED display is a self-emission display device configured
to form hole-electron pairs, i.e., excitons, by combining
holes received from the first electrode and electrons received
from the second electrode inside the emission layer and emit
light by energy generated when the excitons return to a
ground level. The OLED display according to embodiments
of the disclosure may alternatively use a glass substrate
rather than the plastic substrate.

[0028] In embodiments disclosed herein, pixels of the
display device are roughly arranged in a stripe format and a
pentile format. In the stripe format, subpixels RGB or
RGBW form a unit pixel, and unit pixels are arranged in the
stripe format. In the pentile format, subpixels RG and
subpixels BG each form a unit pixel, and unit pixels of the
subpixels RG and BG are alternately arranged. Embodi-
ments of the disclosure describe pentile pixels by way of
example, but are not limited thereto. Embodiments of the
disclosure may use pixels arranged in the stripe format.
[0029] Embodiments of the disclosure are described
below with reference to FIGS. 1 to 18.

[0030] FIG. 1 is a schematic block diagram of an OLED
display according to an embodiment of the disclosure. FIG.
2 illustrates a first example of a circuit configuration of a
subpixel according to an embodiment of the disclosure. FIG.
3 illustrates a second example of a circuit configuration of a
subpixel according to an embodiment of the disclosure.

Dec. 6, 2018

[0031] Referring to FIG. 1, an OLED display according to
an embodiment of the disclosure includes an image process-
ing unit 10, a timing controller 20, a data driver 30, a gate
driver 40, and a display panel 50.

[0032] The image processing unit 10 outputs a data signal
DATA and a data enable signal DE supplied from the
outside. The image processing unit 10 may output one or
more of a vertical sync signal, a horizontal sync signal, and
a clock signal in addition to the data enable signal DE. For
the sake of brevity and ease of reading, these signals are not
shown. The image processing unit 10 may be formed on a
system circuit board in an integrated circuit (IC) form.
[0033] The timing controller 20 receives the data signal
DATA and driving signals including the data enable signal
DE or the vertical sync signal, the horizontal sync signal, the
clock signal, etc. from the image processing unit 10.
[0034] The timing controller 20 outputs a gate timing
control signal GDC for controlling operation timing of the
gate driver 40 and a data timing control signal DDC for
controlling operation timing of the data driver 30 based on
the driving signals. The timing controller 20 may be formed
on a control circuit board in an IC form.

[0035] The data driver 30 samples and latches the data
signal DATA received from the timing controller 20 in
response to the data timing control signal DDC supplied
from the timing controller 20 and converts the sampled and
latched data signal DATA using gamma reference voltages.
The data driver 30 outputs the converted data signal DATA
to data lines DL1 to DLn. The data driver 30 is attached to
a substrate as an IC.

[0036] The gate driver 40 outputs a gate signal while
shifting a level of a gate voltage in response to the gate
timing control signal GDC supplied from the timing con-
troller 20. The gate driver 40 outputs the gate signal to gate
lines GL1 to GLm. The gate driver 40 may be formed on a
gate circuit board in an 1C form, or may be formed on the
display panel 50 in a gate-in panel (GIP) manner.

[0037] The display panel 50 displays an image in response
to the data signal DATA and the gate signal respectively
received from the data driver 30 and the gate driver 40. The
display panel 50 includes subpixels SP displaying an image.

[0038] Referring to FIG. 2, each subpixel may includes a
switching transistor SW, a driving transistor DR, a compen-
sation circuit CC, and an organic light emitting diode
(OLED). The OLED operates to emit light based on a
driving current generated by the driving transistor DR.

[0039] The switching transistor SW performs a switching
operation so that a data signal supplied through a first data
line DL1 is stored in a capacitor Cst as a data voltage in
response to a gate signal supplied through a first gate line
GL1. The driving transistor DR enables a driving current to
flow between a high potential power line VDD and a low
potential power line GND based on the data voltage stored
in the capacitor Cst. The compensation circuit CC is a circuit
for compensating for a threshold voltage of the driving
transistor DR. The capacitor Cst connected to the switching
transistor SW or the driving transistor DR may be mounted
inside the compensation circuit CC.

[0040] The compensation circuit CC includes one or more
thin film transistors (TFTs) and a capacitor. Configuration of
the compensation circuit CC may be variously changed
depending on a compensation method. A brief description of
the compensation circuit CC will be made.
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[0041] As shown in FIG. 3, the subpixel including the
compensation circuit CC may further include a signal line
and a power line for driving a compensation TFT and
supplying a predetermined signal or electric power. The
added signal line may be defined as a 1-2 gate line GL15 for
driving the compensation TFT included in the subpixel. In
FIG. 3, “GL1a” is a 1-1 gate line for driving the switching
transistor SW. The added power line may be defined as an
initialization power line INIT for initializing a predeter-
mined node of the subpixel at a predetermined voltage.
However, embodiments are not limited thereto.

[0042] FIGS. 2 and 3 illustrate that one subpixel includes
the compensation circuit CC by way of example. However,
the compensation circuit CC may be omitted when an object
(for example, the data driver 30) to be compensated is
positioned outside the subpixel. The subpixel has a configu-
ration of 2T(Transistor)1C(Capacitor) in which the switch-
ing transistor SW, the driving transistor DR, the capacitor,
and the OLED are provided. However, when the compen-
sation circuit CC is added to the subpixel, the subpixel may
have various configurations such as 3T1C, 4T2C, 5T2C,
6T2C, 7T2C, and the like.

[0043] Also, FIGS. 2 and 3 illustrate that the compensa-
tion circuit CC is positioned between the switching transis-
tor SW and the driving transistor DR by way of an example.
However, the compensation circuit CC may be further
positioned between the driving transistor DR and the OLED.
The position and the structure of the compensation circuit
CC are not limited to the ones illustrated in FIGS. 2 and 3.
[0044] A cross-sectional structure of a subpixel SP of an
OLED display according to an embodiment of the disclosure
is described below with reference to FIG. 4.

[0045] As shown in FIG. 4, in an OLED display according
to an embodiment of the disclosure, a first buffer layer BUF1
is positioned on a substrate PI. The substrate PI may be
formed of plastic and may be, for example, a polyimide.
Thus, the substrate PI according to the embodiment of the
disclosure may have flexible characteristics. The first buffer
layer BUF1 protects a thin film transistor formed in a
subsequent process from impurities, for example, alkali ions
discharged from the substrate PI. The first buffer layer BUF1
may be formed of a silicon oxide (SiOx) layer, a silicon
nitride (SiNx) layer, or a multilayer thereof.

[0046] A shield layer LS is positioned on the first buffer
layer BUF1. The shield layer LS prevents a reduction in a
panel driving current which may be generated by using a
polyimide substrate. A second buffer BUF2 is positioned on
the shield layer LS. The second buffer BUF2 protects a thin
film transistor formed in a subsequent process from impu-
rities, for example, alkali ions discharged from the shield
layer LS. The second buffer layer BUF2 may be formed of
a silicon oxide (SiOx) layer, a silicon nitride (SiNx) layer, or
a multilayer thereof.

[0047] An active layer ACT is positioned on the second
buffer layer BUF2 and may be formed of a silicon semi-
conductor or an oxide semiconductor. The silicon semicon-
ductor may include amorphous silicon or crystallized poly-
crystalline silicon. The polycrystalline silicon has high
mobility (for example, more than 100 cm?/Vs), low power
consumption, and excellent reliability. Thus, the polycrys-
talline silicon can be applied to a gate driver and/or a
multiplexer (MUX) for use in a driving element or applied
for a driving TFT of each pixel of the OLED display.
Because the oxide semiconductor has a low OFF-current,
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the oxide semiconductor is suitable for a switching TFT
which has a short ON-time and a long OFF-time. Further,
because the oxide semiconductor increases a voltage hold
time of the pixel due to the low OFF-current, the oxide
semiconductor is suitable for a display device requiring a
low-speed drive and/or low power consumption. In addition,
the active layer ACT includes a drain region and a source
region each including p-type or n-type impurities, and also
includes a channel region between the drain region and the
source region.

[0048] A gate insulating layer GI is positioned on the
active layer ACT and may be formed of a silicon oxide
(S810x) layer, a silicon nitride (SiNx) layer, or a multilayer
thereof. A gate electrode GA is positioned on the gate
insulating layer GI at a location corresponding to a prede-
termined region (i.e., the channel region when impurities are
injected) of the active layer ACT. The gate electrode GA
may be formed of one of molybdenum (Mo), aluminum
(Al), chrome (Cr), gold (Au), titanium (Ti), nickel (Ni),
neodymium (Nd), copper (Cu), or a combination thereof.
Further, the gate electrode GA may be a multilayer formed
of one of molybdenum (Mo), aluminum (Al), chrome (Cr),
gold (Au), titanium (Ti), nickel (Ni), neodymium (Nd),
copper (Cu), or a combination thereof. For example, the gate
electrode GA may be formed as a double layer of Mo/AINd
or Mo/Al

[0049] An interlayer dielectric layer ILD is positioned on
the gate electrode GA and insulates the gate electrode GA.
The interlayer dielectric layer ILD may be formed of a
silicon oxide (SiOx) layer, a silicon nitride (SiNXx) layer, or
amultilayer thereof. Contact holes CH exposing a portion of
the active layer ACT are formed at a portion where each of
the interlayer dielectric layer ILD and the gate insulating
layer GI is formed.

[0050] A drain electrode DE and a source electrode SE are
positioned on the interlayer dielectric layer ILD. The drain
electrode DE is connected to the active layer ACT through
the contact hole CH exposing the drain region of the active
layer ACT, and the source electrode SE is connected to the
active layer ACT through the contact hole CH exposing the
source region of the active layer ACT. Each of the source
electrode SE and the drain electrode DE may be formed as
a single layer or as a multilayer. When each of the source
electrode SE and the drain electrode DE is formed as the
single layer, each of the source electrode SE and the drain
electrode DE may be formed of one of molybdenum (Mo),
aluminum (Al), chrome (Cr), gold (Au), titanium (Ti), nickel
(Ni), neodymium (Nd), copper (Cu), or a combination
thereof. When each of the source electrode SE and the drain
electrode DE is formed as the multilayer, each of the source
electrode SE and the drain electrode DE may be formed as
a double layer of Mo/Al—Nd or as a triple layer of Ti/AVTi,
Mo/Al/Mo or Mo/Al-Nd/Mo.

[0051] Accordingly, a thin film transistor TFT including
the active layer ACT, the gate electrode GA, the source
electrode SE, and the drain electrode DE is formed.

[0052] Further, an inorganic layer IOL is positioned on the
substrate PI including the thin film transistor TFT. The
inorganic layer IOL is an insulating layer protecting the
component underlying the inorganic layer IOL and may be
a silicon oxide (SiOx) layer, a silicon nitride (SiNx) layer, or
a multilayer thereof. An overcoat layer OC is positioned on
the inorganic layer IOL. The overcoat layer OC may be a
planarization layer for reducing a height difference of an
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underlying structure and may be formed of an organic
material such as polyimide, benzocyclobutene-based resin,
and acrylate. For example, the overcoat layer OC may be
formed through a spin-on glass (SOG) method for coating
the organic material in a liquid state and then curing the
organic material.

[0053] A via hole VIA exposing the drain electrode DE of
the thin film transistor TFT is positioned in a portion of the
overcoat layer OC. An organic light emitting diode OLED is
positioned on the overcoat layer OC. More specifically, a
first electrode ANO is positioned on the overcoat layer OC.
The first electrode ANO serves as a pixel electrode and is
connected to the drain electrode DE of the thin film tran-
sistor TFT through the via hole VIA. The first electrode
ANO is an anode and may be formed of a transparent
conductive material such as indium tin oxide (ITO), indium
zinc oxide (IZ0), and zinc oxide (ZnO). When the first
electrode ANO is a reflective electrode, the first electrode
ANO may further include a reflective layer. The reflective
layer may be formed of aluminum (Al), copper (Cu), silver
(Ag), nickel (Ni), palladium (Pd) or a combination thereof.
For example, the reflective layer may be formed of an
Ag/Pd/Cu (APC) alloy.

[0054] In addition, a bank layer BNK defining pixels is
positioned on the substrate PI including the first electrode
ANO. The bank layer BNK may be formed of an organic
material such as polyimide, benzocyclobutene-based resin,
and acrylate. The bank layer BNK includes a pixel definition
portion exposing the first electrode ANO. An emission layer
EML contacting the first electrode ANO is positioned in the
pixel definition portion of the bank layer BNK. The emission
layer EML at least includes a layer in which electrons and
holes combine and emit light. A hole injection layer and/or
a hole transport layer may be positioned between the emis-
sion layer EML and the first electrode ANO, and an electron
injection layer and/or an electron transport layer may be
positioned between the emission layer EML and a second
electrode CAT.

[0055] The second electrode CAT is positioned on the
emission layer EML and may be positioned on an entire
surface of a display area. In addition, the second electrode
CAT is a cathode electrode and may be formed of magne-
sium (Mg), calcium (Ca), aluminum (Al), silver (Ag), or a
combination thereof each having a low work function. When
the second electrode CAT is a transmissive electrode, the
second electrode CAT may be thin enough to transmit light.
Further, when the second electrode CAT is a reflective
electrode, the second electrode CAT may be thick enough to
reflect light.

[0056] The OLED display according to embodiments of
the disclosure may include a lens on a path of light emitted
from an emission layer, in order to prevent light emitted
from the emission layer from being damaged by total
reflection of the light. In the following description, a
description of the components below the organic light emit-
ting diode shown in FIG. 4 is omitted, and configuration of
the components on the organic light emitting diode is
described in detail.

First Embodiment

[0057] FIG. 5 is a cross-sectional view of an OLED
display according to a first embodiment of the disclosure.
FIG. 6 is a plan view of an OLED display according to the
first embodiment of the disclosure.
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[0058] Referring to FIG. 5, an OLED display according to
a first embodiment of the disclosure forms a first passivation
layer PAS1 on an organic light emitting diode to protect the
organic light emitting diode from a subsequent process or
moisture. The OLED display includes a lens LEN on the first
passivation layer PAS1, and the lens LEN can upwardly
concentrate a light path. The lens LEN will be described in
detail later. A cover layer PCL is positioned on the first
passivation layer PAS1 including the lens LEN. The cover
layer PCL functions to make up for a height difference of an
underlying structure. For example, the cover layer PCL can
make up for a height difference resulting from the lens LEN
or foreign substances which may be present. The cover layer
PCL may have a thickness of 5 pm to 20 pm capable of
making up for the height difference. The cover layer PCL
may be formed of the same organic material as a bank layer
BNK described above. A second passivation layer PAS2 is
disposed on the cover layer PCL and protects an underlying
structure.

[0059] The lens LEN is disposed corresponding to an
emission portion LEP of the organic light emitting diode.
The emission portion LEP of the organic light emitting diode
is an area where light is emitted from an emission layer
EML. More specifically, the emission portion LEP may be
an area where a first electrode ANO and the emission layer
EML contact each other. The lens LEN is disposed to
entirely cover the emission portion LEP of the organic light
emitting diode. Further, the lens LEN is configured such that
all of light emitted from the emission portion LEP can be
received inside the lens LEN.

[0060] (a) of FIG. 6 illustrates that R, G, B and G
subpixels SP are arranged in a pentile format, and (b) of FIG.
6 illustrates that R, G and B subpixels SP are arranged in a
stripe format. As described above, the lens LEN according
to the embodiment of the disclosure may be disposed to
entirely cover an emission portion LEP of each subpixel SP.
More specifically, the lenses LEN respectively correspond to
the emission portions LEP of the subpixels SP, and thus one
lens LEN is disposed to cover an emission portion LEP of
one subpixel SP. The lens LEN does not invade other
subpixel SP adjacent to the lens LEN, and the lenses LEN
are spaced from one another. In some embodiments, the
shape of the emission portion LEP is a polygon, and the
shape of the lens LEN is a circle.

[0061] Referring again to FIG. 5, the lens LEN according
to the embodiment of the disclosure has enough size to cover
the emission portion LEP. More specifically, a diameter L1
of the lens LEN is greater than a width W1 of the emission
portion LEP, and thus the lens LEN can entirely cover the
emission portion LEP. In embodiments disclosed herein, the
width W1 of the emission portion LEP indicates a maximum
width of the emission portion LEP.

[0062] Aheight L2 of the lens LEN is equal to or less than
the diameter L1 of the lens LEN. More specifically, the
height L2 of the lens LEN is 0.3 to 1 times the diameter 1.1
of the lens LEN. When the height [.2 of the lens LEN is more
than 0.3 times the diameter L1 of the lens LEN, a curved
angle of the lens LEN increases. Hence, an outcoupling
efficiency can be improved by upwardly concentrating light.
Further, when the height 1.2 of the lens LEN is less than 1
times the diameter L1 of the lens LEN, a manufacturing
process can be prevented from being difficult due to an
excessive increase in the height L2 of the lens LEN. In
particular, when a ratio of the height L2 of the lens LEN to
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the diameter L1 of the lens LEN is 0.5:1, an effect of the lens
LEN may be the most effective. For example, the diameter
L1 of the lens LEN according to the embodiment of the
disclosure may be 10 um to 30 um, and the height L2 of the
lens LEN may be 3 um to 30 pm.

[0063] The embodiment of the disclosure differently sets a
refractive index of the lens LEN and a refractive index of the
cover layer PCL, in order to change a light path at an
interface between the lens LEN and the cover layer PCL.
Light emitted from the emission layer EML is incident on
the lens LEN and is refracted at the interface between the
lens LEN and the cover layer PCL due to a difference
between the refractive index of the lens LEN and the
refractive index of the cover layer PCL. Hence, a path of the
light emitted from the emission layer EML is changed. In
embodiments disclosed herein, a refractive index N1 of the
lens LEN may be set to be greater than a refractive index N2
of the cover layer PCL. For example, the refractive index N1
of the lens LEN may be greater than the refractive index N2
of the cover layer PCL by 0.1 to 1. When the refractive index
N1 of the lens LEN is greater than the refractive index N2
of the cover layer PCL by 0.1 or more, light can be refracted
at the interface between the lens LEN and the cover layer
PCL and can be upwardly concentrated. Hence, the outcou-
pling efficiency can be improved. Further, when the refrac-
tive index N1 of the lens LEN is greater than the refractive
index N2 of the cover layer PCL by 1 or less, light can be
prevented from being excessively refracted at the interface
between the lens LEN and the cover layer PCL and being
lost at the side. For example, the refractive index N1 of the
lens LEN may be 1.73, and the refractive index N2 of the
cover layer PCL may be 1.52.

[0064] The lens LEN according to the embodiment of the
disclosure is disposed adjacent to the emission layer EML.
A second electrode CAT contacting the emission layer EML
and the first passivation layer PAS1 contacting the second
electrode CAT are disposed between the emission layer
EML and the lens LEN. The lens LEN is disposed on the first
passivation layer PAS1 and contacts the first passivation
layer PASI.

[0065] Light emitted from the emission layer EML may be
considerably lost between the emission layer EML and the
second electrode CAT and between the second electrode
CAT and the first passivation layer PAS1. Thus, the embodi-
ment of the disclosure can reduce a loss of emitted light by
disposing the lens LEN as close as possible to the emission
layer EML. To this end, a distance between an upper surface
of the emission layer EML and a lower surface of the lens
LEN may be 100 nm to 10,000 nm. The distance between
the upper surface of the emission layer EML and the lower
surface of the lens LEN may be substantially equal to a sum
of thicknesses of the second electrode CAT and the first
passivation layer PAS1. When the distance between the
upper surface of the emission layer EML and the lower
surface of the lens LEN is equal to or greater than 100 nm,
each of the second electrode CAT and the first passivation
layer PAS1 between the emission layer EML and the lens
LEN can have a thickness that facilitates performing a
function. Further, when the distance between the upper
surface of the emission layer EML and the lower surface of
the lens LEN is equal to or less than 10,000 nm, light can be
prevented from being lost due to a very long distance
between the emission layer EML and the lens LEN. More
preferably, but not required, the distance between the upper
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surface of the emission layer EML and the lower surface of
the lens LEN may be 500 nm to 2,000 nm. Hence, the
embodiment of the disclosure can prevent a loss of light
emitted from the emission layer EML.

[0066] A portion of the lens LEN contacts the second
passivation layer PAS2. As shown in FIG. 5, a portion of an
upper surface of the lens LEN may contact the second
passivation layer PAS2. A contact area SQ between the lens
LEN and the second passivation layer PAS2 is an area on
which light emitted from the emission layer EML is verti-
cally incident. If a passivation layer, has a large difference in
a refractive index between the passivation layer and the lens
LEN, is formed in the contact area SQ, light is again
reflected in an incident direction and is hardly extracted to
the outside. Thus, the lens LEN contacts the second passi-
vation layer PAS2 having a refractive index similar to the
refractive index of the lens LEN in the contact area SQ and
thus can transmit light. To this end, a difference in the
refractive index between the lens LEN and the second
passivation layer PAS2 may be less than 0.3. Although an
occupation rate of each subpixel occupied by the contact
area SQ between the lens LEN and the second passivation
layer PAS2 is not large, the occupation rate in all the
subpixels included in the OLED display is not small. Thus,
the contact area SQ can greatly contribute to the improve-
ment of the outcoupling efliciency.

[0067] As described above, the OLED display according
to the first embodiment of the disclosure includes the lens
LEN corresponding to the emission portion LEP on the
organic light emitting diode and upwardly refracts light
emitted from the emission layer EML. through the lens LEN,
thereby improving the outcoupling efficiency.

Second Embodiment

[0068] FIG. 7 is a cross-sectional view of an OLED
display according to a second embodiment of the disclosure.
FIG. 8 is a plan view of an OLED display according to the
second embodiment of the disclosure. FIG. 9 is a cross-
sectional view illustrating another configuration of an OLED
display according to the second embodiment of the disclo-
sure. FIG. 10 is a plan view illustrating another configura-
tion of an OLED display according to the second embodi-
ment of the disclosure.

[0069] Referring to FIGS. 7 and 8, an OLED display
according to a second embodiment of the disclosure includes
a lens LEN on a first passivation layer PAS1, and the lens
LEN can upwardly concentrate a light path. The lens LEN
1s disposed corresponding to an emission portion LEP of an
organic light emitting diode and covers the emission portion
LEP of the organic light emitting diode. In this instance, a
diameter L1 of the lens LEN may be substantially equal to
a width W1 of the emission portion LEP. Thus, because the
lens LEN covers the emission portion LEP through a mini-
mum diameter of the lens LEN, a thickness of the OLED
display can be prevented from increasing due to an increase
in a size of the lens LEN. As a result, the manufacturing cost
of the OLED display can be reduced. In some embodiments,
the shape of the emission portion LEP is a polygon, and the
shape of the lens LEN is a circle.

[0070] On the other hand, referring to FIG. 9, two or more
lenses LEN may be disposed corresponding to the emission
portion LEP of the organic light emitting diode. The two or
more lenses LEN are disposed to cover the emission portion
LEP of the organic light emitting diode. A sum of diameters
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L1 of the two or more lenses LEN may be equal to or greater
than a width W1 of the emission portion LEP.

[0071] Forexample, as shown in (a) of FIG. 10, two lenses
LEN may be disposed corresponding to one emission por-
tion LEP. Alternatively, as shown in (b) of FIG. 10, four
lenses LEN may be disposed corresponding to one emission
portion LEP. FIG. 10 merely illustrates examples of the
present disclosure, and thus the number and the arrangement
of lenses may be variously changed. In some embodiments,
the shape of the emission portion LEP is a polygon. and the
shape of the lens LEN is a circle.

[0072] As shown in FIG. 9, light emitted from an emission
layer EML is extracted to the outside through a predeter-
mined light path LP. For example, light emitted from the
emission layer EML is upwardly refracted at an interface
between a left lens LEN and a passivation layer PCL due to
a difference between a high refractive index of the left lens
LEN and a low refractive index of the passivation layer PCL
and then travels toward the inside of the passivation layer
PCL. The light traveling toward the inside of the passivation
layer PCL is refracted to the right at an interface between a
right lens LEN and the passivation layer PCL due to a
difference between a high refractive index of the right lens
LEN and the low refractive index of the passivation layer
PCL and then travels toward the inside of the lens LEN.
Subsequently, the light traveling toward the inside of the
lens LEN is upwardly refracted at an interface between the
lens LEN and the passivation layer PCL due to a difference
between the high refractive index of the lens LEN and the
low refractive index of the passivation layer PCL and then
is extracted. Thus, when the plurality of lenses is provided
as described above, light emitted from the emission layer
EML is upwardly refracted again compared to when one lens
is provided. Hence, outcoupling efficiency can be further
improved.

[0073] The second embodiment of the disclosure
describes that the diameter of the lens is equal to the width
of the emission portion, or the plurality of lenses is provided.
As a result, the second embodiment of the disclosure can
further improve the outcoupling efficiency through various
configurations of the lenses.

Third Embodiment

[0074] FIG. 11 is a cross-sectional view of an OLED
display according to a third embodiment of the disclosure.
[0075] Referring to FIG. 11, a lamination structure of
components laminated on a lens LEN in the third embodi-
ment of the disclosure is different from that in the first and
second embodiments.

[0076] More specifically, a first cover layer PCL1 is posi-
tioned on a first passivation layer PAS1. The first cover layer
PCL1 functions to make up for a height difference of an
underlying structure. For example, the first cover layer
PCL1 can make up for a height difference resulting from
foreign substances which may be present. A second passi-
vation layer PAS2 is disposed on the first cover layer PCL1
and protects an underlying structure. The lens LEN is
disposed on the second passivation layer PAS2, and a second
cover layer PCL2 is disposed to include the lens LEN. A
third passivation layer PAS3 is disposed on the second cover
layer PCL2 and protects an underlying structure.

[0077] The lens LEN according to the third embodiment
of the disclosure is disposed on the first cover layer PCL1
and the second passivation layer PAS2 and thus can prevent
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an organic light emitting diode from being damaged in a
process for manufacturing the lens LEN. Further, because
the first cover layer PCL1 makes up for the height difference
resulting from foreign substances which may be present, the
first cover layer PCL1 can prevent the lens LEN from being
formed at the foreign substances and can improve outcou-
pling efliciency.

[0078] A method of manufacturing the OLED display
according to the embodiments of the disclosure is described
below using the OLED display according to the first
embodiment of the disclosure as an example.

[0079] FIGS. 12 to 17 are cross-sectional views illustrat-
ing in stages a method of manufacturing the OLED display
according to the first embodiment of the disclosure.

[0080] Referring to FIG. 12, an organic light emitting
diode OLED is formed on an overcoat layer OC. More
specifically, a first electrode ANO serving as a reflective
electrode is positioned on the overcoat layer OC, and an
organic material such as polyimide, benzocyclobutene-
based resin, and acrylate is coated on the first electrode ANO
to form a bank layer BNK. An emission layer EML is
deposited on the bank layer BNK, and magnesium (Mg),
calcium (Ca), aluminum (Al), silver (Ag), or a combination
thereof each having a low work function is deposited on the
emission layer EML to form a second electrode CAT.
[0081] Next, a silicon oxide (SiOx) layer, a silicon nitride
(SiNx) layer, or a multilayer thereof is deposited on the
second electrode CAT to form a first passivation layer PAS1.
An organic material such as polyimide, benzocyclobutene-
based resin, and acrylate is coated on the first passivation
layer PASI1 to form a coating layer PCM. The coating layer
PCM may use known materials in addition to the above-
described materials. A photoresist PR is coated on the
coating layer PCM.

[0082] Next, referring to FIG. 13, the photoresist PR is
developed in a shape of a lens to be formed. Thus, a
photoresist pattern PRP of the lens shape is formed as in a
scanning electron microscope (SEM) photograph of FIG. 14.

[0083] Next, referring to FIG. 15, the coating layer PCM
is etched using the developed photoresist pattern PRP, and
the photoresist pattern PRP is removed, thereby forming a
lens LEN. Thus, the lens LEN is formed as in a SEM
photograph of FIG. 16.

[0084] Next, referring to FIG. 17, an organic material such
as polyimide, benzocyclobutene-based resin, and acrylate is
coated on the first passivation layer PAS1, on which the lens
LEN is formed, to form a cover layer PCL. In this instance,
a formation material of the lens LEN and a formation
material of the cover layer PCL have different refractive
indexes, and a refractive index of the lens LEN is greater
than a refractive index of the cover layer PCL.

[0085] Finally, a silicon oxide (SiOx) layer, a silicon
nitride (SiNx) layer, or a multilayer thereof is deposited on
the cover layer PCL to form the first passivation layer PASI.
As a result, the OLED display according to the embodiments
of the disclosure is manufactured.

[0086] FIG. 18 is a graph illustrating an emission intensity
depending on a viewing angle in OLED displays manufac-
tured according to a comparative example and the first
embodiment and the third embodiment of the disclosure. In
FIG. 18, the comparative example has a structure in which
the lens is removed in the OLED display according to the
first embodiment of the disclosure.
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[0087] Referring to FIG. 18, an emission intensity of the
OLED display not including the lens in accordance with the
comparative example was about 0.6. On the other hand, an
emission intensity of the OLED display including the lens in
accordance with the first embodiment of the disclosure was
about 1.0. Further, an emission intensity of the OLED
display further including the cover layer below the lens in
accordance with the first embodiment of the disclosure was
about 0.85.

[0088] It could be seen from the graph of FIG. 18 that the
emission intensity was improved by an outcoupling effect
when the lens was included in the OLED display.

[0089] As described above, the OLED display according
to the embodiments of the disclosure includes the lens
corresponding to the emission portion on the organic light
emitting diode and upwardly refracts light emitted from the
emission layer through the lens, thereby improving the
outcoupling efficiency.

[0090] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addi-
tion to variations and modifications in the component parts
and/or arrangements, alternative uses will also be apparent
to those skilled in the art.

What is claimed is:

1. A display device comprising:

a substrate;

a subpixel arranged on the substrate, the subpixel includ-
ing an organic light emitting diode having an emission
portion that emits light;

a first passivation layer disposed on the organic light
emitting diode;

at least one lens positioned on the first passivation layer,
the at least one lens disposed in a position correspond-
ing to the emission portion of the organic light emitting
diode;

a cover layer covering the at least one lens; and

a second passivation layer disposed on the cover layer.

2. The display device of claim 1, wherein the organic light
emitting diode includes:

a first electrode;

an emission layer disposed on the first electrode; and

a second electrode disposed on the emission layer.

3. The display device of claim 2, wherein the first elec-
trode is in contact with the emission layer in the emission
portion.

4. The display device of claim 1, wherein the at least one
lens overlaps the emission portion in its entirety.

5. The display device of claim 1, wherein a diameter of the
at least one lens is equal to or greater than a width of the
emission portion.

6. The display device of claim 1, wherein a height of the
at least one lens is equal to or less than a diameter of the at
least one lens.

7. The display device of claim 1, wherein a refractive
index of the at least one lens is greater than a refractive index
of the cover layer.
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8. The display device of claim 2, wherein the first passi-
vation layer is in contact with the second electrode, and the
at least one lens is in contact with the first passivation layer.

9. A display device comprising:

a substrate;

a subpixel arranged on the substrate, the subpixel includ-
ing an organic light emitting diode having an emission
portion that emits light;

at least one lens positioned on the organic light emitting
diode, the at least one lens entirely overlapping the
emission portion in its entirety; and

a first cover layer on the at least one lens.

10. The display device of claim 9, wherein the organic
light emitting diode includes:

a first electrode;

an emission layer disposed on the first electrode, wherein
the first electrode is in contact with the emission layer
in the emission portion; and

a second electrode disposed on the emission layer.

11. The display device of claim 9, wherein the at least one
lens comprises a single lens, a diameter of the single lens is
equal to or greater than a width of the emission portion.

12. The display device of claim 9, wherein the at least one
lens comprises a plurality of lenses, each of the plurality of
lenses comprises a diameter and a sum of diameters of the
plurality of lenses is equal to or greater than a width of the
emission portion.

13. The display device of claim 9, wherein a height of the
at least one lens is equal to or less than a diameter of the at
least one lens.

14. The display device of claim 9, wherein a refractive
index of the at least one lens is greater than a refractive index
of the first cover layer.

15. The display device of claim 9, further comprising:

a first passivation layer on the organic light emitting

diode; and

a second passivation layer on the at least one lens;

wherein the at least one lens is between the first passiva-
tion layer and the second passivation layer.

16. The display device of claim 9, further comprising:

a first passivation layer on the organic light emitting
diode;

a second cover layer on the first passivation layer;

a second passivation layer on the second cover layer; and

a third passivation layer on the at least one lens;

wherein the at least one lens is between the second
passivation layer and the third passivation layer.

17. A display device comprising:

a plurality of pixels that each include a plurality of
sub-pixels, each of the plurality of sub-pixels of at least
one pixel including:
an emission portion that emits light; and
at least one lens that overlaps the emission portion and

comprises a diameter that is at least as wide as a
width of the emission portion.

18. The display device of claim 17, wherein a first subset
of the plurality of sub-pixels of at least one pixel is arranged
in a first row of sub-pixels and a second subset of the
plurality of sub pixels of the at least one pixel is arranged in
a second row of sub-pixels that is adjacent to the first row.

19. The display device of claim 17, wherein the plurality
of sub-pixels of at least one pixel are arranged in a single
row of sub-pixels.
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20. The display device of claim 17, wherein a shape of the
emission portion is a polygon and the shape of the at least
one lens is a circle.
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