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(57) ABSTRACT

An organic light emitting diode (OLED) display including a
microlens array is disclosed. In one embodiment, the OLED
includes a substrate and an organic light emitting diode
including a first electrode formed on the substrate, an organic
emission layer formed on the first electrode, and a second
electrode formed on the organic emission layer. The OLED
also includes an encapsulation layer covering the organic
light emitting diode, wherein part of the encapsulation layer
contacts the substrate, and a microlens array neighboring the
encapsulation layer. In one embodiment, the distance
between the organic emission layer and the microlens array is
about 0.5 pm to about 300 um.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY INCLUDING A MICROLENS
ARRAY

RELATED APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2010-0025946 filed in the
Korean Intellectual Property Office on Mar. 23, 2010, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to an
organic light emitting diode display, and more particularly, to
an organic light emitting diode display including a microlens
array.

[0004] 2. Description of the Related Technology

[0005] Recently, an organic light emitting diode (OLED)
display has been drawing attention for commercial applica-
tions.

[0006] Since OLEDs do not need a separate light source,
unlike liquid crystal displays, they can have a relatively thin
profile and light weight. Moreover, OLEDs display have low
power consumption, high luminance and high response
speed.

SUMMARY

[0007] Oneaspectis an organic light emitting diode display
that includes a microlens array and minimizes image blurring
which can be caused by the microlens array.

[0008] Another aspect is an organic light emitting diode
display including: a substrate; an organic light emitting diode
including a first electrode located on the substrate, an organic
emission layer located on the first electrode, and a second
electrode located on the organic emission layer; an encapsu-
lation layer located on the substrate, with the organic light
emitting diode interposed therebetween, and encapsulating
the organic light emitting diode; and a microlens array neigh-
boring the encapsulation layer, wherein the distance between
the organic emission layer and the microlens array is 0.5 pm
to 300 pum.

[0009] The encapsulation layer may be formed in a film
shape. The microlens array may be located on the encapsula-
tion layer. The microlens array may include a plurality of
microlenses that are convex from the encapsulation layer. The
microlens array and the encapsulation layer may be integrally
formed. The microlens array may be located between the
encapsulation layer and the organic emission layer. The
microlens array may include a plurality of microlenses that
are concave in the direction of the encapsulation layer.
[0010] The microlens a rray and the encapsulation layer
may be integrally formed. Another aspect is an organic light
emitting diode display comprising: a substrate; an organic
light emitting diode including a first electrode formed on the
substrate, an organic emission layer formed on the first elec-
trode, and a second electrode formed on the organic emission
layer; an encapsulation layer covering the organic light emit-
ting diode; and a microlens array neighboring the encapsula-
tion layer, wherein the distance between the organic emission
layer and the microlens array is about 0.5 pm to about 300 pm.
[0011] In the above display, the encapsulation layer has a
film shape. In the above display, the encapsulation layer has
first and second surfaces opposing each other, wherein the
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first surface contacts the second electrode of the organic light
emitting diode, and wherein the microlens array is formed on
the second surface of the encapsulation layer. In the above
display, the microlens array comprises a plurality of micro-
lenses that are concave on the external surface. In the above
display, the microlens array and the encapsulation layer are
integrally formed.

[0012] In the above display, the microlens array is formed
between the encapsulation layer and the organic emission
layer, and wherein the microlens array contacts the second
electrode of the OLED and is covered by the encapsulation
layer. In the above display, the microlens array comprises a
plurality of microlenses that are concave from the perspective
of the organic light emitting diode. In the above display, the
microlens array and the encapsulation layer are integrally
formed. In the above display, the distance between the organic
emission layer and the microlens array is greater than 36 pum,
and less than or equal to 300 um.

[0013] Another aspect is an organic light emitting diode
display comprising: a substrate; a plurality of organic light
emitting diodes formed over the substrate, wherein each of
the organic light emitting diodes comprises 1) first and second
electrodes and ii) an organic emission layer interposed
between the first and second electrodes, and wherein the first
electrode is closer to the substrate than the second electrode;
an encapsulation layer covering the organic light emitting
diodes; and a plurality of microlenses formed substantially
directly above the plurality of organic light emitting diodes,
respectively, wherein the microlenses contact the encapsula-
tion layer, wherein the distance between the organic emission
layers and the corresponding microlenses is about 0.5 um to
about 300 um.

[0014] Inthe above display, the distance is greater than 36
um and less than or equal to 300 pm. In the above display, the
encapsulation layer has first and second surfaces opposing
each other, wherein the first surface contacts the organic light
emitting diodes, wherein the microlenses are formed on the
second surface of the encapsulation layer, and wherein the
microlenses are formed substantially directly above the cor-
responding organic light emitting layers, respectively. In the
above display, the microlenses are concave on the external
surface. In the above display, the encapsulation layer has first
and second surfaces opposing each other, wherein the first
surface contacts the organic light emitting diodes, and
wherein the microlenses are formed on the first surface of the
encapsulation layer and contacts the organic light emitting
diodes. In the above display, the microlenses are concave
from the perspective of the organic light emitting diodes.
[0015] Another aspect is an organic light emitting diode
display comprising: a substrate; first and second organic light
emitting diodes formed over the substrate, wherein each of
the first and second organic light emitting diodes comprises 1)
first and second electrodes and ii) an organic emission layer
interposed between the electrodes and configured to emit
light, and wherein the first electrode is closer to the substrate
than the second electrode; an encapsulation layer encapsulat-
ing the first and second organic light emitting diodes; and first
and second microlenses adjacent to each other, wherein the
microlenses contact the encapsulation layer and are formed
substantially directly above the organic emission layers,
respectively, wherein the first microlens is configured to
refract first light emitted from the organic emission layer of
the first organic light emitting diode, and wherein the first
refracted light forms a first virtual image adjacent to the
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organic emission layer of the first organic light emitting
diode, wherein the first microlens is configured to refract
second light emitted from the organic emission layer of the
second organic light emitting diode, and wherein the second
refracted light forms a second virtual image adjacent to the
organic emission layer of the second organic light emitting
diode, and wherein the distance between the organic emission
layers and the corresponding microlenses is determined such
that the first virtual image does not overlap with the second
virtual image.

[0016] In the above display, the distance is about 0.5 pm to
about 300 pum. In the above display, the distance is greater
than 36 pm, and less than or equal to 300 pm. In the above
display, the encapsulation layer has first and second surfaces
opposing each other, wherein the first surface contacts the
organic light emitting diodes, and wherein the microlenses
are formed on the second surface of the encapsulation layer.
In the above display, the encapsulation layer has first and
second surfaces opposing each other, wherein the first surface
contacts the organic light emitting diodes, and wherein the
microlenses are formed on the first surface of the encapsula-
tion layer and contact the organic light emitting diodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG.1is a cross-sectional view showing an organic
light emitting diode display according to a first exemplary
embodiment.

[0018] FIG. 2 is a layout view showing a pixel of the
organic light emitting diode display according to the first
exemplary embodiment.

[0019] FIG. 3 is a cross-sectional view taken along line
III-1IT of FIG. 2.

[0020] FIG. 4 shows test graphs showing the occurrence of
image blurring depending on the distance between an organic
emission layer and a microlens array.

[0021] FIG. 5 is a view for explaining why image blurring
is minimized depending on the distance between the organic
emission layer and the microlens array.

[0022] FIG. 6 is a cross-sectional view showing an organic
light emitting diode display according to the second exem-
plary embodiment.

DETAILED DESCRIPTION

[0023] An organic light emitting diode (OLED) display
generally includes i) a first substrate where an OLED includ-
ing an organic emission layer is formed, and ii) a second
substrate facing the first substrate and protecting the OLED
formed on the first substrate. Such an OLED device displays
an image using light emitted from the organic emission layer.
[0024] Recently, an OLED display that has a microlens
array positioned in the optical path of light emitted from the
organic emission layer has been developed in order to
improve the optical efficiency of the light emitted from the
organic emission layer.

[0025] Although such a display improves optical effi-
ciency, displayed images are generally blurred because the
light emitted from the organic emission layer is refracted by
the curved surfaces of the microlenses.

[0026] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying draw-
ings. The described embodiments are merely exemplary and
thus they are not considered limiting.
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[0027] To clearly describe the exemplary embodiments,
parts not related to the description are omitted, and like ref-
erence numerals designate like constituent elements through-
out the specification.

[0028] Constituent elements having the same structures
throughout the embodiments are denoted by the same refer-
ence numerals and are described in a first exemplary embodi-
ment. In the subsequent exemplary embodiments, only the
constituent elements other than the same constituent elements
are described.

[0029] In the drawings, the sizes and thicknesses of the
components are merely shown for convenience of explana-
tion, and therefore they are not considered limiting.

[0030] Also, the thickness of layers, films, panels, regions,
etc., may be exaggerated for clarity. Furthermore, the thick-
nesses of some layers and areas may be exaggerated for
convenience of explanation. When it is described that one
element such as a layer, a film, an area, a plate, etc., is formed
on another element, it means that one element exists right on
another element or that one element exists on another element
with a further element therebetween.

[0031] Throughout this specification and the claims that
follow, unless explicitly described to the contrary, the word
“comprise” and variations such as “comprises” or “compris-
ing” will be understood to imply the inclusion of stated ele-
ments but not the exclusion of any other elements. Through-
out this specification, it is understood that the term “on” and
similar terms are used generally and are not necessarily
related to a gravitational reference.

[0032] Hereinafter, an organic light emitting diode (OLED)
display 1000 according to a first exemplary embodiment will
be described with reference to FIGS. 1 to 5.

[0033] FIG. 1 is a cross-sectional view showing an OLED
display according to a first exemplary embodiment.

[0034] As shown in FIG. 1, the OLED display 1000
includes a substrate 100, wiring 200, an OLED 300, an encap-
sulation layer 400, and a microlens array 500.

[0035] Inone embodiment, the first substrate 100 is a light
transmissive and electrical insulating substrate made of a
material including glass, a polymer, or the like. The substrate
100 faces the encapsulation layer 400 with the wiring 200 and
the OLED 300 interposed therebetween, and the encapsula-
tion layer 400 is bonded to the substrate 100 in a region where
the wiring 200 and the OLED 300 are not located. The wiring
200 and the OLED 300 are located on the substrate 100.
[0036] Inoneembodiment, the wiring 200 includes switch-
ing and driving thin film transistors 10 and 20 (shown in FIG.
2), and transmits a signal to the OLED 300 to drive it. The
OLED 300 emits light according to a signal received from the
wiring 200.

[0037] Theorganic light emitting element 300 may be posi-
tioned on the wiring 200.

[0038] The OLED 300 may be positioned in a display area
on the substrate 100, and displays an image by a signal
received from the wiring 200.

[0039] Now, the internal structure of the OLED display
1000 according to the first exemplary embodiment will be
described in detail with reference to FIGS. 2 and 3.

[0040] FIG. 2 is a layout view showing a pixel 101 of the
OLED display according to the first exemplary embodiment.
FIG. 3 is a cross-sectional view taken along line I1I-1IT of FIG.
2.

[0041] Concrete structures of the wiring 200 and the OLED
300 are shown in FIGS. 2 and 3, but the present embodiment
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is not limited to the structures shown in FIGS. 2 and 3. The
wiring 200 and the OLED 300 may have various structures
within the scope in which a person skilled in the art may easily
change. In one embodiment, the OLED display is an active
matrix (AM) type in which one pixel includes two thin film
transistors (TFTs) and one capacitor (2Tr-1Cap structure).
However, the number of thin film transistors, the number of
capacitors, and the number of lines of the display device are
not limited. In one embodiment, a pixel refers to the smallest
unit displaying an image, and the display device displays an
image through a plurality of pixels.

[0042] As shown in FIGS. 2 and 3, each pixel of the OLED
display 1000 includes a switching thin film transistor 10, a
driving thin film transistor 20, a capacitor 80, and an OLED
300. Here, a component including the switching thin film
transistor 10, the driving thin film transistor 20, and the
capacitor 80 is referred to as the wiring 200. The wiring 200
further includes i) a gate line 151 arranged along one direction
of'the first substrate 100, ii) a data line 171 insulated from and
crossing the gate line 151, and iii) a common power line 172.
One pixel may be defined by the gate line 151, the data line
171, and the common power line 172, but the present embodi-
ment is not necessarily limited thereto.

[0043] The OLED 300 includes i) a first electrode 710, ii)
anorganic emission layer 720 positioned on the first electrode
710, and iii) a second electrode 730 positioned on the organic
emission layer 720. The first electrode 710 may be an anode
serving as a hole injection electrode, and the second electrode
730 may be a cathode serving as an electron injection elec-
trode. However, the pixel electrode 710 may be a cathode and
the common electrode 730 may be an anode according to a
driving method of the OLED display 1000. That is, holes and
electrons are injected into the organic emission layer 720
from the first electrode 710 and the second electrode 730,
respectively, and when excitons formed by recombinations of
the injected holes and electrons drop from an excited state to
a ground state, the organic emission layer 720 emits light. In
one embodiment, either the first electrode 710 or the second
electrode 730 may be a reflective electrode, and the other one
may be a transmissive electrode. In another embodiment,
both of the first electrode 710 and the second electrode 730
may be transmissive electrodes. In the OLED display 1000
according to the first exemplary embodiment, the first elec-
trode 710 is formed at least partially of a reflective material
and the second electrode 730 is formed at least partially of a
transmissive material. That is, the OLED display according to
the first exemplary embodiment is a front transmissive OLED
display, and the light emitted from the organic emission layer
720 is irradiated in the direction of the encapsulation layer
400. At least one of the first electrode 710 and the second
electrode 730 includes a single or multiple layered conductive
layer containing at least one of lithium (Li), aluminum (Al),
calcium (Ca), magnesium (Mg), silver (Ag), magnesium-
silver (MgAg), lithium-aluminum (LiAl), indium tin oxide
(ITO), and indium zinc oxide (IZO).

[0044] The organic emission layer 720 may include a main
emission layer, an organic hole layer located between the
main emission layer and the first electrode 710, and an elec-
tron organic layer located between the main emission layer
and the second electrode 730. The main emission layer may
combine holes and electrons that are injected from the first
electrode 710 and the second electrode 730, respectively, the
organic hole layer may include one or more electron injection
layers and one or more hole transport layers, and the organic
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electron layer may include one or more electron injection
layers and one or more electron transport layers. The organic
emission layer 720 may emit light of at least one of red, green,
and blue colors.

[0045] The capacitor 80 includes a pair of capacitor plates
158 and 178 disposed with an interlayer insulation layer 161
interposed therebetween. In one embodiment, the interlayer
insulation layer 161 is a dielectric material, and the storage
capacity of the capacitor 80 is determined by the electric
charges stored in the capacitor 80 and the voltage between the
capacitor plates 158 and 178.

[0046] The switching thin film transistor 10 includes a
switching semiconductor layer 131, a switching gate elec-
trode 152, a switching source electrode 173, and a switching
drain electrode 174. The driving thin film transistor 20
includes a driving semiconductor layer 132, a driving gate
electrode 155, a driving source electrode 176, and a drain
electrode 177.

[0047] The switching thin film transistor 10 is used as a
switching element to select a pixel to emit light. The switch-
ing gate electrode 152 is electrically connected to the gate line
151. The switching source electrode 173 is electrically con-
nected to the data line 171. The switching drain electrode 174
is spaced apart from the switching source electrode 173 and
electrically connected to the capacitor plate 158.

[0048] The driving thin film transistor 20 applies driving
power to the first electrode 710 for allowing the organic
emission layer 720 of the OLED 300 in the selected pixel to
emit light. The driving gate electrode 155 is electrically con-
nected to the capacitor plate 158 electrically connected to the
switching drain electrode 174. The driving source electrode
176 and the other capacitor plate 178 are electrically con-
nected to the common power line 172. The driving drain
electrode 177 is electrically connected to the first electrode
710 of the OLED 300 via a contact hole.

[0049] With the above-described configuration, the switch-
ing thin film transistor 10 is driven by a gate voltage applied
to the gate line 151 and supplies a data voltage applied to the
data line 171 to the driving thin film transistor 20. A voltage
corresponding to the difference between the common volt-
age, which is supplied from the common power line 172 to the
driving thin film transistor 20, and the data voltage, which is
supplied from the switching thin film transistor 10, is stored in
the capacitor 80. A current corresponding to the voltage
stored in the capacitor 80 flows into the OLED 300 through
the driving thin film transistor 20 to make the OLED 300 emit
light.

[0050] Referring again to FIGS. 1 and 3, the encapsulation
layer 400 is located on the substrate 100, with the OLED 300
interposed therebetween, and encapsulates the OLED 300. In
one embodiment, the encapsulation layer 400 is formed in a
film shape and bonded to the substrate 100 so as to enclose the
OLED 300, and the wiring 200 and the OLED 300 are pro-
tected from external interference by the encapsulation layer
400 and the substrate 100. With the film shape of the encap-
sulation layer 400, if the substrate 100 is made thin, a flexible
OLED display 1000 having an overall small thickness can be
realized.

[0051] Inoneembodiment,amicrolens array 500 is located
near or neighbors the encapsulation layer 400.

[0052] In one embodiment, the microlens array 500 is
located on the encapsulation layer 400, and includes a plural-
ity of microlenses 510, each corresponding to one organic
emission layer 720 located in one pixel. In one embodiment,
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the microlenses 510 may be concave from the perspective of
the encapsulation layer 400. In another embodiment, the
microlenses 510 may be concave from the perspective of the
OLED 300. The microlens array 500 is located in the optical
path of the light emitted from the organic emission layer 720
and irradiated in the direction of the encapsulation layer 400,
and plays the role of improving the optical efficiency of the
light emitted from the organic emission layer 720 by focusing
the light emitted from the organic emission layer 720. In one
embodiment, the microlens array 500 is formed integrally
with the encapsulation layer 400, and may be formed sub-
stantially simultaneously when the encapsulation layer 400 is
bonded to the substrate 100, with the wiring 200 and the
OLED 300 interposed therebetween, so as to encapsulate the
wiring 200 and the OLED 300. In one embodiment, the dis-
tance T between the microlens array 500 and the organic
emission layer 720 is about O pm to about 300 um, or about 0.5
um to about 300 um. This range (about 0.5 um to about 300
wm) may provide an optimum balance between the protective
ability of the encapsulation layer 400 and minimizing or
prevention of display images being blurred. In another
embodiment, the distance is about 100 um to about 300 um. In
another embodiment, the distance is greater than 36 um and
less than or equal to 300 um. In another embodiment, the
distance is about 0.5 um to about 36 um. In still another
embodiment, the distance is about 36 pum to about 100 pm.

[0053] A test for observing the occurrence of image blur-
ring will be described below with reference to FIG. 4.

[0054] FIG. 4 shows test graphs showing the occurrence of
image blurring depending on the distance between the
organic emission layer and the microlens array. In the graphs
shown in FIG. 4, the x-axis represents left and right with
respect to one axis (x-axis), the y-axis represents the intensity
of light emitted from the organic emission layer, a dotted line
graph represents the light emitted from the organic emission
layer corresponding to a first pixel Pil of two neighboring
pixels, and a solid line graph represents the light emitted from
the organic emission layer corresponding to a second pixel
Pi2 of the two neighboring pixels.

[0055] First, (a) of FIG. 4 is a graph showing the occurrence
of image blurring when the distance T between the organic
emission layer 720 and the microlens array 500 is set to about
100 um. As shown in (a) of FIG. 4, it was observed that the
blurring of the lights emitted from the organic emission layers
of the first pixel Pil and second pixel Pi2 was suppressed at
approximately 60 um to approximately 110 pm with respect
to the axes.

[0056] (b) of FIG. 4 is a graph showing the occurrence of
image blurring when the distance T between the organic
emission layer 720 and the microlens array 500 is set to about
200 um. As shown in (b) of FIG. 4, it was observed that the
blurring of the lights emitted from the organic emission layers
of the first pixel Pil and second pixel Pi2 was suppressed at
approximately 40 um to approximately 105 um with respect
to the axes.

[0057] (c) of FIG. 4 is a graph showing the occurrence of
image blurring when the distance T between the organic
emission layer 720 and the microlens array 500 is set to about
300 pm. As shown in (¢) of FIG. 4, it was observed that the
blurring of the lights emitted from the organic emission layers
of the first pixel Pil and second pixel Pi2 was suppressed at
approximately 20 um to approximately 135 um with respect
to the axes.
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[0058] (d) of FIG. 4 is a graph showing the occurrence of
image blurring when the distance T between the organic
emission layer 720 and the microlens array 500 is set to about
1000 um. As shown in (d) of FIG. 4, it was observed that
image blurring occurred at region A in the graph. That is, it
was observed that the lights emitted from the organic emis-
sion layers of the first pixel Pil and second pixel Pi2 blurred
into each another at approximately 20 pm to approximately
135 pum with respect to the axes.

[0059] Through the above test, it was found that, if the
distance T between the organic emission layer 720 and the
microlens array 500 is about 0.5 pm to about 300 um, blurring
in the images displayed on the OLED display 1000 was
minimized. In one embodiment, the distance T between the
organic emission layer 720 and the microlens array 500 is
about 0.5 pm to about 300 pm, the OLED display 1000
prevents or significantly reduces image blurring.

[0060] The reason why image blurring is minimized
depending on the distance T between the organic emission
layer 720 and the microlenses 510 will be discussed below
with reference to FIG. 5.

[0061] FIG. 5 is a view for explaining why image blurring
is minimized depending on the distance between the organic
emission layer and the microlens array. For better understand-
ing and ease of description, FIG. 5 mainly illustrates organic
emission layers 721 and 722 and the microlens array 500.

[0062] As shown in FIG. 5, the microlens array 500 is
located on the first organic emission layer 721 and second
organic emission layer 722 neighboring each other, and each
of the microlenses 510 included in the microlens array 500
corresponds to each of the organic emission layers 721 and
722.

[0063] First, a first light L1 and a second light [.2 emitted
from the first organic emission layer 721 are respectively
refracted as a first refracted light RL1 and a second refracted
light RL2 through the curved surfaces of the microlenses 510.
When viewing the first refracted light R[.1 and the second
refracted light RL2, respectively, an observer observing the
image displayed by the first organic emission layer 721 rec-
ognizes an actual first place P1, where the first organic emis-
sion layer 721 is located, as a first virtual place VP1 and a
second virtual place VP2 by the first refracted light RL1 and
the second refracted light RL2, respectively. Similarly, a third
light [.3 emitted from the second organic emission layer 722
neighboring the first organic emission layer 721 is refracted
as a third refracted light RL3 through the curved surfaces 511
of'the microlenses 510. When viewing the third refracted light
RL3, the observer observing the image displayed by the sec-
ond organic emission layer 722 recognizes an actual second
place P2, where the second organic emission layer 722 is
located, as a third virtual place VP3 by the third refracted light
RL3. In this manner, the first place P1 of the first organic
emission layer 721 is recognized as the first virtual place VP1
and the second virtual place VP2 as the first light L1 and
second light 1.2 emitted from the first organic emission layer
721 are refracted. Further, the second place P2 of the second
organic emission layer 722 is recognized as the third virtual
place VP3 as the third light L3 emitted from the second
organic emission layer 722 is refracted. Thus, the second
virtual place VP2 of the first organic emission layer 721 and
the third virtual place VP3 of the second organic emission
layer overlap each other, thus causing image blurring to occur
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in the image displayed by the first organic emission layer 721
and the image displayed by the second organic emission layer
722.

[0064] However, when the distance T between each of the
first and second organic emission layers 721 and 722 and the
microlens array 500 is about 0.5 um to about 300 pm, that is,
a region between each of the first and second organic emis-
sion layers 721 and 722 and the microlens array 500, has a
thin film shape, the distance T from each of the first and
second organic emission layers 721 and 722 to the curved
surfaces 511 of the microlenses 510 becomes much shorter.
Therefore, the second virtual place VP2 of the first organic
emission layer 721 and the third virtual place VP3 of the
second organic emission layer 722 are prevented from over-
lapping each other, thereby preventing the images displayed
by the first and second organic emission layers 721 and 722
from blurring into each other. In another embodiment, the
distance T can be defined such that a virtual image (e.g., VP3)
produced by an organic emission layer (e.g., 722) and a
microlens (e.g., 510) does not overlap with a virtual image
produced by an adjacent organic emission layer (e.g., 721)
and the same microlens. In one embodiment, the distance T
can be greater than O um and less than 1000 um. In another
embodiment, the distance T can be about i) 0 um to about 300
wm, ii) about 0.5 pm to about 300 pm, iii) greater than 36 um
and less than or equal to 300 wm, iv) about 0.5 pm to about 36
um, v) about 36 pm to about 100 um or vi) about 100 pm to
about 300 um. These ranges apply to the FIG. 6 embodiment.
[0065] That is, the occurrence of image blurring of the
OLED display 1000 is minimized.

[0066] That is, the OLED display 1000 improves the opti-
cal efficiency of the light emitted from the organic emission
layer 720 by having the microlens array 500 located on the
optical path, and minimizes image blurring, whereby the
overall display quality of images displayed by the OLED
display 1000 is improved.

[0067] Inoneembodiment, the OLED display 1000 is a top
emission OLED display 1000 by forming the first electrode
710 as a reflective electrode and the second electrode 730 as
a transmissive electrode. In another embodiment, the OLED
display may be implemented as a bottom emission OLED
display by forming the first electrode as a transmissive elec-
trode and the second electrode as a reflective electrode. The
microlens array of the bottom emission OLED display may
be located on the substrate in the optical path of light emitted
from the organic emission layer. Furthermore, the OLED
display may be implemented as a dual emission display by
having both of first and second electrodes as transmissive
electrodes, and the microlens array of the dual emission
OLED display may be located on both the substrate in the
optical path of light emitted from the organic emission layer
and the encapsulation layer.

[0068] Hereinafter, an OLED display 2000 according to a
second exemplary embodiment will be described with refer-
ence to FIG. 6.

[0069] FIG. 6 is a cross-sectional view showing an OLED
display according to the second exemplary embodiment.
[0070] Asshown inFIG. 6, amicrolens array 502 is located
between an encapsulation layer 400 and an OLED 300
including an organic emission layer 720. The microlens array
502 includes a plurality of microlenses 510, each correspond-
ing to one organic emission layer 720 located in one pixel.
The microlenses 510 may be concave from the perspective of
the encapsulation layer 400, or may be concave from the
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perspective of the OLED 300. In one embodiment, the micro-
lens array 502 is formed integrally with the encapsulation
layer 400, and may be formed substantially simultaneously
when the encapsulation layer 400 is bonded to the substrate
100, with the wiring 200 and the OLED 300 interposed
between, so as to encapsulate the wiring 200 and the OLED
300.

[0071] Moreover, the microlens array 502 may be formed
of'a material having a different refractive index from that of
the encapsulation layer 400, or may be formed in a configu-
ration forming a hollow space.

[0072] In one embodiment, the microlens array 502 of the
OLED display 2000 is located between the organic emission
layer 720 and the encapsulation layer 400, and thus the dis-
tance between the organic emission layer 720 and the micro-
lens array 502 can be further narrowed in comparison with the
OLED display 1000 according to the first exemplary embodi-
ment. Therefore, the image blurring of the OLED display
2000 can be further minimized.

[0073] At least one embodiment minimizes image blurring
in an OLED display including a microlens array, whereby the
overall image quality of the OLED display is improved.
[0074] 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 invention 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 display comprising:

a substrate;

an organic light emitting diode including a first electrode

formed on the substrate, an organic emission layer
formed on the first electrode, and a second electrode
formed on the organic emission layer;

an encapsulation layer covering the organic light emitting

diode; and

a microlens array neighboring the encapsulation layer,

wherein the distance between the organic emission layer

and the microlens array is about 0.5 pm to about 300 um.

2. The display of claim 1, wherein the encapsulation layer
has a film shape.

3. The display of claim 1, wherein the encapsulation layer
has first and second surfaces opposing each other, wherein the
first surface contacts the second electrode of the organic light
emitting diode, and wherein the microlens array is formed on
the second surface of the encapsulation layer.

4. The display of claim 3, wherein the microlens array
comprises a plurality of microlenses that are concave on the
external surface.

5. The display of claim 4, wherein the microlens array and
the encapsulation layer are integrally formed.

6. The display of claim 1, wherein the microlens array is
formed between the encapsulation layer and the organic emis-
sion layer, and wherein the microlens array contacts the sec-
ond electrode of the OLED and is covered by the encapsula-
tion layer.

7. The display of claim 6, wherein the microlens array
comprises a plurality of microlenses that are concave from the
perspective of the organic light emitting diode.

8. The display of claim 7, wherein the microlens array and
the encapsulation layer are integrally formed.
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9. The display of claim 1, wherein the distance between the
organic emission layer and the microlens array is greater than
36 pm, and less than or equal to 300 pm.

10. An organic light emitting diode display comprising:

a substrate;

aplurality of organic light emitting diodes formed over the

substrate, wherein each of the organic light emitting
diodes comprises 1) first and second electrodes and ii) an
organic emission layer interposed between the first and
second electrodes, and wherein the first electrode is
closer to the substrate than the second electrode;

an encapsulation layer covering the organic light emitting

diodes; and

a plurality of microlenses formed substantially directly

above the plurality of organic light emitting diodes,
respectively, wherein the microlenses contact the encap-
sulation layer,

wherein the distance between the organic emission layers

and the corresponding microlenses is about 0.5 pm to
about 300 um.

11. The display of claim 10, wherein the distance is greater
than 36 pm and less than or equal to 300 pum.

12. The display of claim 10, wherein the encapsulation
layer has first and second surfaces opposing each other,
wherein the first surface contacts the organic light emitting
diodes, wherein the microlenses are formed on the second
surface of the encapsulation layer, and wherein the micro-
lenses are formed substantially directly above the corre-
sponding organic light emitting layers, respectively.

13. The display of claim 12, wherein the microlenses are
concave on the external surface.

14. The display of claim 10, wherein the encapsulation
layer has first and second surfaces opposing each other,
wherein the first surface contacts the organic light emitting
diodes, and wherein the microlenses are formed on the first
surface of the encapsulation layer and contacts the organic
light emitting diodes.

15. The display of claim 14, wherein the microlenses are
concave from the perspective of the organic light emitting
diodes.

16. An organic light emitting diode display comprising:

a substrate;

first and second organic light emitting diodes formed over

the substrate, wherein each of the first and second
organic light emitting diodes comprises 1) first and sec-
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ond electrodes and ii) an organic emission layer inter-
posed between the electrodes and configured to emit
light, and wherein the first electrode is closer to the
substrate than the second electrode;

an encapsulation layer encapsulating the first and second
organic light emitting diodes; and

first and second microlenses adjacent to each other,
wherein the microlenses contact the encapsulation layer
and are formed substantially directly above the organic
emission layers, respectively,

wherein the first microlens is configured to refract first
light emitted from the organic emission layer of the first
organic light emitting diode, and wherein the first
refracted light forms a first virtual image adjacent to the
organic emission layer of the first organic light emitting
diode,

wherein the first microlens is configured to refract second
light emitted from the organic emission layer of the
second organic light emitting diode, and wherein the
second refracted light forms a second virtual image adja-
cent to the organic emission layer of the second organic
light emitting diode,

and wherein the distance between the organic emission
layers and the corresponding microlenses is determined
such that the first virtual image does not overlap with the
second virtual image.

17. The display of claim 16, wherein the distance is about
0.5 um to about 300 um.

18. The display of claim 17, wherein the distance is greater
than 36 pm, and less than or equal to 300 pm.

19. The display of claim 16, wherein the encapsulation
layer has first and second surfaces opposing each other,
wherein the first surface contacts the organic light emitting
diodes, and wherein the microlenses are formed on the second
surface of the encapsulation layer.

20. The display of claim 16, wherein the encapsulation
layer has first and second surfaces opposing each other,
wherein the first surface contacts the organic light emitting
diodes, and wherein the microlenses are formed on the first
surface of the encapsulation layer and contact the organic
light emitting diodes.
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