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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority under 35 U.S.C.
§119 to Korean patent Application No. 10-2013-0065667,
filed on Jun. 10, 2013, the disclosure of which is hereby
incorporated by reference herein in its entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] Exemplary embodiments relate generally to an

organic light emitting display device. More particularly,
embodiments of the inventive concept relate to an organic
light emitting display device having an improved optical effi-
ciency, and a method of manufacturing the organic light emit-
ting display device.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display device displays
desired information such as images, letters and/or characters
using light from organic light emitting diodes. The light of the
organic light emitting display device is generated by combin-
ing holes provided from an anode with electrons provided
from a cathode in an organic layer. The organic light emitting
display device ensures relatively wide viewing angle, rapid
response time, small thickness, low power consumption, etc.
Accordingly, the organic light emitting display device has
been considered to be one of the most prospecting next-
generation display devices.

[0006] However, the light emitted from the organic light
emitting layer does not have directivity and is emitted uni-
formly to all direction. Accordingly, a ratio of the number of
photons (i.e., external light extraction efficiency) arrived to an
observer among the total photon generated from the organic
light emitting layer becomes low.

SUMMARY

[0007] Exemplary embodiments provide an organic light
emitting display device having an improved optical effi-
ciency.

[0008] Exemplary embodiments provide a method of
manufacturing the organic light emitting display device.

[0009] According to some exemplary embodiments, an
organic light emitting display device includes a substrate, a
plurality of organic light emitting elements disposed on the
substrate, the plurality of organic light emitting elements
including a first organic light emitting element, a second
organic light emitting element and a third organic light emit-
ting element, an encapsulating member encapsulating the
plurality of organic light emitting elements, a graded func-
tional layers disposed on the encapsulating member, the
graded functional layers including convex lenses disposed on
pixel regions, and a black matrix disposed on the graded
functional layer.

[0010] In exemplary embodiments, the graded functional
layer may include a low refractive film and a high refractive
film, and the convex lenses may be formed of the high refrac-
tive film, the convex lenses including a first convex lens
disposed on the first organic light emitting element, a second
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convex lens disposed on the second organic light emitting
element and a third convex lens disposed on the third organic
light emitting element

[0011] In exemplary embodiments, the first organic light
emitting element may be a red organic light emitting element,
the second organic light emitting element is a green organic
light emitting element and the third organic light emitting
element is a blue organic light emitting element.

[0012] Inexemplary embodiments, each of the first convex
lens, the second convex lens and the third convex lens may
have an upper region and a lower region, and the third convex
lens may have a flat portion on the lower region.

[0013] Inexemplary embodiments, a refractive index and a
width of the third convex lens may be different from those of
the first convex lens and the second convex lens.

[0014] In exemplary embodiments, a taper angle of the
third convex lens may be different from that of the second
convex lens and the third convex lens.

[0015] Inexemplary embodiments, each of the first convex
lens, the second convex lens and the third convex lens may
have an upper region and a lower region, and the first convex
lens and the second convex lens may have a flat portion on the
upper region.

[0016] In exemplary embodiments, a width of the third
convex lens may be different from that of the first convex lens
and the second convex lens.

[0017] In exemplary embodiments, a taper angle of the
lower region in the third convex lens may be different from
that of the lower region in the first convex lens and the lower
region in the second convex lens.

[0018] In exemplary embodiments, a height of the lower
region in the third convex lens may be different from that of
the lower region in the first convex lens and the lower region
in the second convex lens.

[0019] In exemplary embodiments, the first organic light
emitting element, the second organic light emitting element
and the third organic light emitting element may be white
organic light emitting elements.

[0020] Inexemplary embodiments, each of the first convex
lens, the second convex lens and the third convex lens may
have an upper region and a lower region, and the third convex
lens may have a flat portion on the lower region.

[0021] Inexemplary embodiments, a refractive index and a
width of the third convex lens may be different from those of
the first convex lens and the second convex lens.

[0022] In exemplary embodiments, a taper angle of the
third convex lens may be different from that of the first convex
lens and the second convex lens.

[0023] According to some exemplary embodiments, a
method of manufacturing the organic light emitting display
device is provided as follows. An organic light emitting ele-
ment is formed on a substrate. An encapsulating member is
formed on the substrate. The encapsulating member encap-
sulates the organic light emitting element. A graded func-
tional layer is formed on the encapsulating member. The
graded functional layers may include convex lenses disposed
on pixel regions. A black matrix is formed on the graded
functional layer. A color filter layer is formed on the black
matrix.

[0024] In exemplary embodiments, the organic light emit-
ting display device may include a first electrode, a second
electrode, a first light emitting layer, a second light emitting
layer, and a third light emitting layer. The first electrode may
be disposed on the substrate. The second electrode may
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oppose the first electrode. The first light emitting layer may be
disposed between the first electrode and the second electrode.
The second light emitting layer may be disposed on the first
light emitting layer. The third light emitting layer may be
disposed on the second light emitting layer. The graded func-
tional layer may have different refractive indexes correspond-
ing to the first to third organic light emitting layers.

[0025] In exemplary embodiments, the graded functional
layer may include a first functional layer, a second functional
layer, and a third functional layer. The first functional layer
may be disposed over the first organic light emitting layer.
The second functional layer may be disposed over the second
organic light emitting layer. The third functional layer may be
disposed over the third organic light emitting layer. Each of
the first to third functional layers may have at least one of a
refractive index, a width, and a height different from each
other corresponding to the first to third organic light emitting
layers.

[0026] Therefore, the organic light emitting display device
according to exemplary embodiments may include a black
matrix and a color filter layer. Accordingly, the organic light
emitting display device may have an improved contrast. In
addition, the organic light emitting display device may
include a graded functional layer having at least one low
refractive film and high refractive film having convex lens.
Accordingly, light generated from an organic light emitting
element of the organic light emitting display device may be
effectively amplified due to difference of refractive index
between the low refractive film and the high refractive film.
Thus, the organic light emitting display may have an
improved optical efficiency. In this case, the organic light
emitting display device may prevent a color shift in which the
light generated from the organic light emitting element may
be scattered due to the shape of the low refractive film and the
high refractive film.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Tllustrative, non-limiting exemplary embodiments
will be more clearly understood with reference to the follow-
ing detailed description and accompanying drawings.

[0028] FIG. 1 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
embodiments of the present invention.

[0029] FIGS. 2 to 7 are diagrams illustrating a method of
manufacturing the organic light emitting display device in
accordance with embodiments of the present invention.
[0030] FIG. 8 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
embodiments of the present invention.

[0031] FIG. 9 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
embodiments of the present invention.

[0032] FIG. 10 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
embodiments of the present invention.

[0033] FIG. 11 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
embodiments.

[0034] FIG. 12 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
embodiments.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0035] Various exemplary embodiments will be described
more fully hereinafter with reference to the accompanying
drawings, in which some exemplary embodiments are shown.
The present inventive concept may, however, be embodied in
many different forms and should not be construed as limited
to the exemplary embodiments set forth herein. Rather, these
exemplary embodiments are provided so that this disclosure
will be thorough and complete. and will fully convey the
scope of the present inventive concept to those skilled in the
art. In the drawings, the sizes and relative sizes of layers and
regions may be exaggerated for clarity. Like numerals refer to
like elements throughout.

[0036] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are used to distinguish one element from
another. Thus, a first element discussed below could be
termed a second element without departing from the teach-
ings of the present inventive concept. As used herein, the term
“and/or” includes any and all combinations of one or more of
the associated listed items.

[0037] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or it can be connected or coupled to the element with
intervening elements. In contrast, when an element is referred
to as being “directly connected” or “directly coupled” to
another element, there are no intervening elements present.
Other words used to describe the relationship between ele-
ments should be interpreted in a like fashion (e.g., “between”
versus “directly between,” “adjacent” versus “directly adja-
cent,” etc.).

[0038] The terminology used herein is for the purpose of
describing particular exemplary embodiments only and is not
intended to be limiting of the present inventive concept. As
used herein, the singular forms “a.” “an” and “the” are
intended to include the plural forms as well, unless the con-
text clearly indicates otherwise. It will be further understood
that the terms “comprises” and/or “comprising,” when used in
this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

[0039] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mearning
as commonly understood by one of ordinary skill in the art to
which this inventive concept belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0040] FIG. 1 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
embodiments.

[0041] Referring to FIG. 1, an organic light emitting dis-
play device 100 may include a substrate 110, a driving circuit
unit DC, a first organic light emitting element 71, a second
organic light emitting element 72, a third organic light emit-
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ting element 73, an encapsulating member 120, a graded
functional layer 130, a black matrix 140, a color filter layer
150, etc.

[0042] The substrate 110 may include a glass substrate, a
quartz substrate, a transparent resin substrate, etc. Examples
of the transparent resin substrate for the substrate 110 may
include polyimide-based resin, acryl-based resin, polyacry-
late-based resin, polycarbonate-based resin, polyether-based
resin, sulfonic acid-containing resin, polyethyleneterephtha-
late-based resin, etc.

[0043] The substrate 100 may include a plurality of pixel
regions [ and a peripheral region II. The plurality of pixel
regions I may be arranged in a first direction and a second
direction substantially perpendicular to the first direction, and
the peripheral region II may surround the plurality of pixel
regions 1. The plurality of pixel regions I may correspond to
regions for generating a light from the organic light emitting
layers 720a, 7205 and 720c and the peripheral region I may
separate the plurality of pixel regions I.

[0044] In exemplary embodiments, the buffer layer (not
shown) may be provided on the substrate 110. The buffer
layer may prevent diffusion of metal atoms and/or impurities
from the substrate to the driving circuit unit DC and the first
to the third organic light emitting elements 71, 72 and 73. In
case that the substrate 110 may have a relatively irregular
surface, the buffer layer may improve flatness of the surface
of the substrate 110. The buffer layer may be formed using a
silicon compound. For example, the buffer layer may include
silicon oxide (Si0x), silicon nitride (SiNX), silicon oxynitride
(SiOxNy), silicon oxycarbide (SiOxCy), silicon carbon
nitride (SiCxNy), etc. These may be used alone or in any
combination thereof. The buffer layer may have a single layer
structure or a multi layer structure. For example, the buffer
layer may have a single layer structure including a silicon
oxide film, a silicon nitride film, a silicon oxynitride film, a
silicon oxycarbide film, or a silicon carbon nitride film. Alter-
natively, the buffer layer may have a multi layer structure
including at least two of a silicon oxide film, a silicon nitride
film, a silicon oxynitride film, a silicon oxycarbide film, a
silicon carbon nitride film, etc.

[0045] The driving circuit unit DC may be formed on the
buffer layer. In exemplary embodiments, the driving circuit
unit DC may includea plurality oftransistors and may operate
the first to the third organic light emitting elements 71, 72 and
73. The first to the third organic light emitting elements 71, 72
and 73 may display an image based on a driving signal
received from the driving circuit unit DC.

[0046] The first to the third organic light emitting elements
71, 72 and 73 may include a first electrodes 710qa, 7105 and
710¢, a second electrodes 730a, 7305 and 730c, a first organic
light emitting layer 720q, a second organic light emitting
layer 7205, a third organic light emitting layer 720c, etc.,
respectively. In this case, the first to the third organic light
emitting layers may be disposed between the first electrodes
710a, 7105 and 710c, and the second electrode 730a, 7305
and 730c.

[0047] The first electrodes 710a, 7105 and 710c may be
disposed on the pixel region I of the substrate 110. The first
electrodes 710a, 7105 and 710c¢ may include a reflective
material or a transparent material in accordance with the
emission type of the display device. In exemplary embodi-
ments, when the first electrodes 710a, 7105 and 710¢ include
the transparent material, the first electrode 710a, 7105 and
710¢ may be formed using indium zinc oxide (IZ0), indium
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tin oxide (ITO), gallium tin oxide (GTO), zinc oxide (ZnOx),
gallium oxide (GaOx), tin oxide (TiOx), indium oxide
(InOx), mixtures thereof. Alternatively, when the first elec-
trodes 710a, 7104 and 710c¢ include the reflective material,
the first electrode 710a, 7105 and 710¢ may be formed using
aluminum (Al), silver (Ag), platinum (Pt), chrome (Cr), tung-
sten (W), molybdenum (Mo), palladium (Pd), alloys thereof.
[0048] The pixel defining layer 190 may be disposed on the
substrate in the peripheral region II. In exemplary embodi-
ments, the pixel defining layer 190 may be disposed adjacent
to the first electrodes 710a, 7105 and 710c, and a portion of
the pixel defining layer 190 may be overlapped with the first
electrodes 7104, 7105 and 710c. Alternatively, the pixel
defining layer 190 may not be overlapped with the first elec-
trodes 710a, 7105 and 710c.

[0049] Thepixel defining layer 190 may be formed using an
organic material or an inorganic material. For example, the
pixel defining layer 190 may be formed photoresist, poly-
acryl-based resin, polyimid-based resin, a silicon compound,
etc.

[0050] Inexemplary embodiments, the pixel defining layer
190 may be partially etched to form an opening partially
exposing the first electrodes 710a, 7105 and 710¢. The open-
ing of the pixel defining layer 190 may define the pixel
regions I and the peripheral regions II of the organic light
emitting display device 100. For example, a portion having
the opening of the pixel defining layer 190 may be the pixel
regions 1 of the organic light emitting display device 100
while another portion around the opening of the pixel defining
layer 190 may be the peripheral regions II of the organic light
emitting display device 100.

[0051] The first to the third organic light layers 720a, 7205
and 720¢ may be formed on the exposed portions of the first
electrodes 710a, 7105 and 710¢. In exemplary embodiments,
the first to the third organic light layers 720a, 7205 and 720¢
may include light emitting materials for generating different
colored light such as a red colored light (R), a green colored
light (G)and a blue colored light (B) in accordance with color
pixels of the organic light emitting display device 100. Alter-
natively, the organic light emitting layer of the organic light
emitting structure 190 may include a plurality of stacked light
emitting materials for generating a red colored light, a green
colored light, and a blue colored light to thereby emitting a
white color of light.

[0052] The organic light emitting display device 100 may
further include a hole injection layer and a hole transport
layer. The hole injection layer may be disposed on the first
electrode 710 and the pixel defining layer 190, and the hole
transport layer may be disposed on the first electrode 710 or
the hole injection layer. The hole injection layer may promote
aholeinjection from the first electrode 710 into the first to the
third organic light layers 720a, 7205 and 720c. For example,
the hole injection layer may include CuPc (cupper phthalo-
cyanine), PEDOT (poly(3,4)-ethylenedioxythiophene),
PANI (polyaniline), NPD (N,N-dinaphthyl-N,N'-diphenyl
benzidine), etc., however, a material in the hole injection
layer may not be limited thereto. The hole transport layer may
improve a hole movement from the hole injection layer. For
example, the hole transport layer may include NPD (N, N-di-
naphthyl-N,N'-diphenylbenzidine), TPD (N,N'-bis-(3-meth-
ylphenyl)-N, N'-bis-(phenyl)-benzidine), s-TAD, MTDATA
(4,4',4"-Tris(N-3-methylphenyl-N-phenyl-amino)-tripheny-
lamine), etc., however, a material in the hole transfer layer
150 may not be limited thereto.
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[0053] The second electrode 730 may cover the first to the
third organic light layers 720a, 7206 and 720c¢ in the pixel
region T and the peripheral region I1. The second electrodes
730a, 7305 and 730¢ may be a reflective electrode or a trans-
missive electrode depending on the type of the first electrodes
710a, 7105 and 710c. When the first electrodes 710 a, 7105
and 710c¢ are the transmissive electrodes, the second electrode
730a, 73056 and 730¢ may be the reflective electrode. In this
case, the second electrodes 730 a. 7305 and 730¢ may include
Al, W, Cu, Ni, Cr, Mo, Ti, Pt, Ag, Ta. Ru, alloys thereof.
Alternatively, when the first electrodes 710a, 7105 and 710¢
are the reflective electrode, the second electrodes 730a, 7305
and 730¢ may be the transmissive electrode, and may include
1TO, 120, ZTO, GTO, ZnOx, InOx, SnOx, GaOx or mixtures
thereof.

[0054] Inexemplary embodiments, the first electrode 710a,
7105 and 710c may serve as an anode, and the hole injection
layer and the hole transfer layer may be disposed between the
first electrodes 710 a, 7105 and 710¢ and the first to the third
organic light layers 720a, 7205 and 720¢ as illustrated in FIG.
1. However, the inventive concept may not be limited to the
above-described construction. For example, the first elec-
trodes 710a, 7105 and 710¢ may serve as a cathode. In this
case, an electron transport layer and an electron injection
layer may be disposed between the first electrodes 710a, 7105
and 710c¢ and the first to the third organic light layers 720q,
7205 and 720c.

[0055] The encapsulating member 120 may be disposed on
the second electrode 730a, 7305 and 730c¢ to encapsulate the
first to the third organic light emitting element 720a, 7205 and
720c. In exemplary embodiments, the encapsulating member
120 may have a single layer structure or a multi layer struc-
ture, which may include an inorganic material and an organic
material.

[0056] The graded functional layer 130 may be disposed on
the encapsulating member 120. In exemplary embodiments,
the graded functional layer 130 may have at least one refrac-
tive film. The refractive film may have different refractive
indexes.

[0057] The graded functional layer 130 may have a first
functional layer 131 disposed over the first organic light emit-
ting layer 720a, a second functional layer 132 disposed over
the second organic light emitting layer 7205, and a third
functional layer 133 disposed over the third organic light
emitting layer 720c. The graded functional layer 130 may
have different refractive indexes corresponding to the first to
the third organic light emitting layers 720a, 7205 and 720c¢.

[0058] The first functional layer 131 may include a first low
refractive film 131a disposed over the first organic light emit-
ting layer 720a and first high refractive film 1315 disposed on
the first low refractive film 131a. The first high refractive film
1315 may have a convex lens shape with an upper region and
a lower region.

[0059] The second functional layer 132 may include a sec-
ondlow refractive film 132a disposed over the second organic
light emitting layer 7205 and second high refractive film 1325
disposed on the second low refractive film 1324. The second
high refractive film 1325 may have a convex lens shape with
an upper region and a lower region.

[0060] The third functional layer 133 may include a third
low refractive film 1334 disposed over the third organic light
emitting layer 720c and third high refractive film 1335 dis-
posed on the third low refractive film 133a. The third high
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refractive film 1335 may have a convex lens shape with an
upper region and a lower region.

[0061] Inexemplary embodiments, the first to the third low
refractive films 131a, 132a, and 133a¢ may include substan-
tially the same materials. Alternatively, the first to the third
low refractive films 131a, 132a, and 133a may include a
material different from each other.

[0062] Inexemplary embodiments, the firstto the third high
refractive films 1315, 1325, and 1335 may include substan-
tially the same materials. Alternatively, the first to the third
high refractive films 1315, 1325, and 1335 may include a
material different from that of the remaining first to third high
refractive films 1315, 1325, and 1334.

[0063] The firstto the third low refractive films 131a, 1324,
and 133a may be patterned to have concave shapes. The
shapes of the concave patterns decide the shape of the lower
regions of the first to the third high refractive films 1315,
1325, and 133 successively formed on the first to the third
low refractive films 131a, 1324, and 133a.

[0064] Each of the upper regions of the first and the second
high refractive films 1315 and 1325 may have a refractive
index different from that of the upper region of the third high
refractive film. A taper angle between end portions of the
upper regions of the first and the second high refractive films
1315 and 1325 and the color filter layer 150 may be between
about 5 degrees and about 20 degrees. In this case, the taper
angle between end portion of the upper region of the first high
refractive films 1315 and the color filter layer 150 may be
measured based on a region where a radius of curvature of the
first high refractive films 1315 is started, and the taper angle
between end portion of the upper region of the second high
refractive film 1325 and the color filter layer 150 may be
measured based on a region where a radius of curvature of the
second high refractive film 1325 is started. A taper angle
between an end portion of the upper region of the third refrac-
tive film 1335 and the color filter layer 150 may be between
about 5 degrees and about 15 degrees. In this case, the taper
angle between an end portion of the upper region of the third
refractive film 1335 and the color filter layer 150 may be
measured based on a region where a radius of curvature of the
third refractive film 1335 is started. Since, the way of mea-
suring the taper angle of the first functional layer 131 is
substantially the same as those of the second and the third
functional layers 132 and 133, duplicated descriptions will be
omitted below.

[0065] Each of the upper regions of the first and the second
high refractive films 1315 and 1325 may have a width differ-
ent from that of the upper region of the third high refractive
film. The width of the upper regions of the first and the second
high refractive films 1315 and 1324 may be between about 2
pm and about 8 pm. In this case, the width of the upper regions
of the first and the second high refractive films 1315 and 1325
may be measured from a region where radius of curvatures of
the first and the second high refractive films 1315 and 1325
are started to a region where radius of curvatures of the first
and the second high refractive films 1315 and 13256 are ended.
The width of the upper region of the third refractive film 1335
may be between about 14 um and about 20 um. In this case,
the width between an end portion of the upper region of the
third refractive film 1335 and the color filter layer 150 may be
measured from a region where radius of curvature of the third
refractive film 1335 is started to a region where radius of
curvature of the third refractive film 1335 is ended. Since, the
way of measuring the width of the first functional layer 131 is
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substantially the same as those of the second and the third
functional layers 132 and 133, duplicated descriptions will be
omitted below.

[0066] Alternatively, the each of the upper regions of the
first and the second high refractive films 1315 and 1325 may
have substantially the same height as the upper region of the
third high refractive film 1335. The height of the upper region
of the first to the third high refractive films 1315, 1325 and
1335 may be between about 0.9 um and about 2.1 um.

[0067] The lower region of the third high refractive film
1335 may have a flat surface. The lower region of the third
high refractive film 1335 may have a refractive index different
from that of the lower regions of the first and the second high
refractive films 1315 and 1324. In exemplary embodiments, a
taper angle between an end portion of the lower region of the
third high refractive films 1335 and the third low refractive
film 133a may be between about 20 degrees and about 70
degrees, and a taper angle between an end portion of the lower
region of the first high refractive film 1315 and the first low
refractive film 131a may be between about 25 degrees and
about 80 degrees. Furthermore, a taper angle between an end
portion of the lower region of the second high refractive film
13256 and the second low refractive film 132a may be between
about 25 degrees and about 80 degrees.

[0068] The lower region of the third high refractive film
1335 may have a width different from that of the lower region
ofthe first and the second high refractive films 1315 and 1325.
In this case, the width of the lower region of the third high
refractive film 1335 may be between about 17 pm and about
23 pm.

[0069] The lower region of the third high refractive film
1335 may have a height different from that of the lower region
ofthe first and the second high refractive films 1315 and 1325.
The width of the lower region of the third high refractive film
1335 may be between about 2.5 um and about 3.5 pm. The
widths of the lower regions of the first and the second high
refractive films 1315 and 1325 may be between about 3 pm
and about 4 um.

[0070] However, the present inventive concept is not lim-
ited thereto. For example, shapes (i.e., ataper angle, a width,
a height, etc) of the first to third low refractive films 131aq,
132a and 133a and the shapes of the first to the third high
refractive films 1315, 1325 and 1335 may be changed accord-
ing to exemplary embodiments of the present invention.

[0071] Therefore, the organic light emitting display device
100 according to exemplary embodiments may include the
graded functional layer 130. In this case, the graded func-
tional layer 130 may include at least one of the low refractive
films and the high refractive films. Accordingly, light gener-
ated from the organic light emitting element of the organic
light emitting display device 100 may be effectively amplified
due to difference of refractive index between the low refrac-
tive film and the high refractive film. Thus, the organic light
emitting display device 100 may have an improved optical
efficiency. In this case, the organic light emitting display
device 100 may prevent a color shift in which the light gen-
erated from the organic light emitting element may be scat-
tered due to the shape of the low refractive films and the high
refractive films.

[0072] Theblack matrix 140 may bedisposed on the graded
functional layer 130. In exemplary embodiments, the black
matrix 140 may be disposed on the graded functional layer
130 corresponding to the peripheral region II. Accordingly,
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the black matrix 140 may perform as a light-blocking layer.
For example, the black matrix 140 may include black silicon
and carbon black.

[0073] The color filter layer 150 may be disposed on the
first to third high refractive films 1315, 1325, and 1335 and
the black matrix 140. In exemplary embodiments, the color
filter layer 150 may include a first color filter layer 150a, a
second color filter layer 1505, and a third color filter layer
150c. In this case, the first color filter layer 150a may corre-
spondto ared colored filter layer. The second color filter layer
1505 may correspond to a green colored filter layer, and the
third color filter layer 150c may correspond to a blue colored
filter layer.

[0074] Therefore, the organic light emitting display device
100 according to exemplary embodiments may include the
black matrix 140 and the color filter layer 150. Accordingly,
the organic light emitting display device 100 may have an
improved contrast. Furthermore, the organic light emitting
display device 100 may further include the graded functional
layer 130 with at least one of the low refractive films and the
high refractive films so that light generated from the organic
light emitting element may be effectively amplified due to
difference of refractive index between the low refractive film
and the high refractive film. Thus, the organic light emitting
display device 100 may have an improved optical efficiency.
In this case, the organic light emitting display device 100 may
prevent a color shift in which the light generated from the
organic light emitting element may be scattered due to the
shape of the low refractive films and the high refractive films.
[0075] The color filter layer may be omitted when using
organic light emitting layer emitting different primary col-
ored lights.

[0076] FIGS. 2 to 7 are diagrams illustrating a method of
manufacturing the organic light emitting display device in
accordance withembodiments. FIGS. 2 to 7 show a method of
manufacturing an organic light emitting display device of
FIG. 1, however, these may not be limited thereto.

[0077] Referring to FIG. 2, a buffer layer 202 may be
formed on a substrate 110. The substrate 110 may include a
glass substrate, a quartz substrate, a transparent resin sub-
strate, etc. Examples of the transparent resin substrate for the
substrate 110 may include polyimide-based resin, acryl-
based resin, polyacrylate-based resin, polycarbonate-based
resin, polyether-based resin, sulfonic acid-containing resin,
polyethyleneterephthalate-based resin, etc.

[0078] The buffer layer 202 may prevent diffusion of metal
atoms and/or impurities from the substrate 110 to a thin film
transistor or an organic light emitting device. Additionally,
the buffer layer 202 may adjust heat transfer rate of a succes-
sive crystallization process for an active pattern 203, to
thereby obtaining a substantially uniform active pattern 203.
In case that the substrate 110 may have a relatively irregular
surface, the buffer layer 202 may improve flatness of the
surface of the substrate 110. The buffer layer 202 may be
formed using a silicon compound. For example, the buffer
layer 202 may include silicon oxide, silicon nitride, silicon
oxynitride, silicon oxycarbide, silicon carbon nitride, etc.
These may be used alone or in any combination thereof. The
buffer layer 202 may be formed by a sputtering process, a
chemical vapor deposition (CVD) process such as a plasma
enhanced chemical vapor deposition (PECVD), a high den-
sity plasma-chemical vapor deposition (HDP-CVD) process,
etc. Additionally, the buffer layer 202 may have a single layer
structure or a multi layer structure. For example, the buffer
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layer 202 may have a single layer structure including a silicon
oxide film, a silicon nitride film, a silicon oxynitride film, a
silicon oxycarbide film, or a silicon carbon nitride film. Alter-
natively, the buffer layer 202 may be a multi layer structure
including at least two of a silicon oxide film, a silicon nitride
film, a silicon oxynitride film, a silicon oxycarbide film, a
silicon carbon nitride film, etc.

[0079] In exemplary embodiments, a semiconductor layer
may be formed on the buffer layer 202. A preliminary semi-
conductor layer pattern may be formed on the buffer layer 202
by patterning the semiconductor layer. The crystallization
process may be executed on the preliminary semiconductor
layer pattern to form the active pattern 203 on the buffer layer
202. The semiconductor layer may be formed by a sputtering
process or a CVD process such as a PECVD process, a low
pressure chemical vapor deposition (LPCVD), etc. When the
semiconductor layer includes amorphous silicon, the active
pattern 203 may include polysilicon. The crystallization pro-
cess for forming the active pattern 203 may include a laser
irradiation process, a thermal treatment process, a thermal
process utilizing a catalyst, etc.

[0080] Referring now to FIG. 2, the gate insulating layer
203 may be disposed on the buffer layer 202 to cover the
active pattern 203. The gate insulating layer 203 may be
formed by a CVD process such as a PECVD process, a
HDP-CVD process, etc., a spin coating process, a sputtering
process, a vacuum evaporation process, a printing process,
etc. The gate insulating layer 203 may include silicon oxide,
metal oxide, etc. Examples of metal oxide in the gate insu-
lating layer 203 may include hafnium oxide (HfOx), alumi-
num oxide (AlOx), zirconium oxide (ZrOx), titanium oxide
(TiOx), tantalum oxide (TaOx), etc. These may be used alone
or in any combination thereof.

[0081] The gate electrode 205 may be formed on the gate
insulating layer 205. In exemplary embodiments, the gate
electrode 205 may be positioned on a portion of the gate
insulating layer 205 under which the active pattern 203 is
located.

[0082] Inexemplary embodiments, a first conductive layer
may be formed on the gate insulating layer 205. The first
conductive layer may be patterned by etching the first con-
ductive layer by a conventional photo-etching process.
Hence, the gate electrode 205 may be provided on the gate
insulating layer 205. The first conductive layer may be
formed by a printing process, a sputtering process, a CVD
process, a pulsed laser deposition (PLD) process, a vacuum
evaporation process, an ALD process, etc. The gate electrode
205 may include metal, alloy, conductive metal oxide, atrans-
parent conductive material, etc. For example, the gate elec-
trode 205 may be formed using aluminum (Al), alloy con-
taining aluminum, aluminum nitride (AINX), silver (Ag),
alloy containing silver, tungsten (W), tungsten nitride
(WNXx), copper (Cu), alloy containing copper, nickel (Ni),
alloy containing nickel, chrome (Cr), chrome nitride (CrNx),
molybdenum (Mo), alloy containing molybdenum, titanium
(Th), titanium nitride (TiNx), platinum (Pt), tantalum (Ta),
tantalum nitride (TaNx), neodymium (Nd), scandium (Sc),
strontium ruthenium oxide (SRO), zinc oxide (ZnOx),
indium tin oxide (ITO), tin oxide (SnOx), indium oxide
(InOx), gallium oxide (GaOx), indium zinc oxide (IZ0), etc.
These may be used alone or in any combination thereof. In
exemplary embodiments, the gate electrode 205 may have a
single layer structure or a multi layer structure, which may
include a metal film, an alloy film, a metal nitride film, a
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conductive metal oxide film, and/or a transparent conductive
film. Additionally, the gate electrode 205 may have a single
layer structure or a multi layer structure, which may include a
conductive material, a heat resistance material and/or a trans-
parent conductive material.

[0083] In exemplary embodiments, a gate line may be
formed on the gate insulating layer 205 while forming the
gate electrode 205 on the gate insulating layer 205. The gate
line may be coupled to the gate electrode 205, and the gate
line may extend on the gate insulating layer 205 along a first
direction.

[0084] Using the gate electrode 205 as a mask, impurities
may be implanted into portions of the active pattern 203, such
that a source region and a drain region may be formed in the
active pattern 203. A central portion of the active pattern 203
may correspond to a channel region between the source and
the drain regions because the impurities may not be doped
into the central portion of the active pattern 203.

[0085] Aninsulating interlayer 206 may be disposed on the
gate insulation layer 204 to cover the gate electrode 205. The
insulating interlayer 206 may be conformally formed on the
gate insulation layer 204 along a profile of the gate electrode
205. The insulating interlayer 206 may be formed using a
silicon compound. For example, the insulating interlayer 206
may include silicon oxide, silicon nitride, silicon oxynitride,
silicon oxycarbide and/or silicon carbon nitride. These may
be used alone or in any combination thereof. The insulating
interlayer 206 may be formed by a spin coating process, a
CVD process such as a PECVD process, a HDP-CVD pro-
cess, etc. The insulating interlayer 206 may electrically insu-
late the source and the drain electrodes 207 and 208 from the
gate electrode 205.

[0086] Asillustrated in FIG. 2, the source electrode 207 and
the drain electrode 208 may be disposed on the insulating
interlayer 206. The source and the drain electrodes 207 and
208 may be separated from each other by a predetermined
distance and have a gate electrode 205 therebetween. The
source and the drain electrodes 207 and 208 may pass through
the insulating interlayer 206, and may make contact with the
source and the drain regions of the active pattern 203, respec-
tively.

[0087] In exemplary embodiments, the insulating inter-
layer 206 may be etched to form contact holes exposing the
source and the drain regions, respectively. A second conduc-
tive layer may be formed on the insulating interlayer 206 to
fill the contact holes. The second conductive layer may be
patterned using a conventional photo-etching process to form
the source and the drain electrodes 207 and 208 on the source
and the drain regions, respectively. The second conductive
layer may be formed by a sputtering process, a CVD process,
a PLD process, a vacuum deposition process, an ALD pro-
cess, a printing process. Each of the source and the drain
electrodes 207 and 208 may include metal, alloy, metal
nitride, conductive metal oxide, a transparent conductive
material, etc. For example, the source and the drain electrodes
207 and 208 may be formed using aluminum, alloy contain-
ing aluminum, aluminum nitride, silver, alloy containing sil-
ver, tungsten, tungsten nitride, copper, alloy containing cop-
per, nickel, alloy containing nickel, chrome, chrome nitride,
molybdenum, alloy containing molybdenum, titanium, tita-
nium nitride, platinum, tantalum, tantalum nitride, neody-
mium, scandium, strontium ruthenium oxide, zinc oxide,
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indium tin oxide, tin oxide, indium oxide, gallium oxide,
indium zinc oxide, etc. These may be used alone or in any
combination thereof.

[0088] In exemplary embodiments, a data line may be
formed on the insulating layer 206 while forming the source
and the drain electrodes 207 and 208. The data line may
extend on the insulating layer 206 along a second direction.
Here, the second direction may be substantially perpendicu-
lar to the first direction where the gate line may extend. The
data line may make contact with the source electrode 207.
[0089] When forming the source and the drain electrodes
207 and 208 on the insulating interlayer 206, the switching
device may be formed at the same time on the substrate 110.
The switching device may include the TFT that may have the
active pattern 203, the gate insulation layer 204, the gate
electrode 205, the source electrode 207, and the drain elec-
trode 208.

[0090] Referring to FIG. 3, an insulation layer 209 may be
disposed on the insulating interlayer 206 to cover the source
and drain electrodes 207 and 208. The insulation layer 209
may have a thickness sufficiently covering the source and the
drain electrodes 207 and 208. The insulation layer 209 may
include an organic material or an inorganic material. For
example, the insulation layer 209 may be formed using pho-
toresist, acryl-based resin, polyimide-based resin, polya-
mide-based resin, siloxane-based resin, resin containing pho-
tosensitive carboxyl group, novolak resin, alkali-developable
resin, silicon oxide, silicon nitride, silicon oxynitride, silicon
oxycarbide, silicon carbon nitride, etc. These may be used
alone or in any combination thereof. The insulation layer 209
may be formed by a spin coating process, a printing process,
a sputtering process, a CVD process such as a PECVD, a
HDP-CVD process, etc., an ALD process, a vacuum evapo-
ration process, etc.

[0091] The insulation layer 209 may be partially etched by
a conventional photo-etching process and thus a contact hole
may be formed through the insulation layer 209. The contact
hole may expose the drain electrode 208 of the switching
device.

[0092] The first electrodes 710a, 7106 and 710¢ may be
disposed on the insulation layer 209 to fill the contact hole.
Thus, each of the first electrodes 710a, 7106 and 710c may
make contact with the drain electrode 208 exposed by the
contact hole. Alternatively, a contact, a plug, or a pad may be
formed in the contact hole, and then the first electrode 710a,
7105 and 710c may be formed on the contact. the plug, or the
pad. For example, the first electrodes 710a, 7105 and 710¢
may be electrically connected to the drain electrode 208
through the contact, the plug, or the pad.

[0093] The first electrode 710 may include a reflective
material or a transparent material in accordance with the
emission type of the organic light emitting display device. In
exemplary embodiments, when the first electrodes 710aq,
710b and 710¢ includes the transparent material, the first
electrodes 710a, 7105 and 710c may be formed using indium
zine oxide, indium tin oxide, gallium tin oxide, zinc oxide,
gallium oxide, tin oxide, indium oxide, mixtures thereof.
Alternatively, when the first electrodes 710a, 7105 and 710¢
includes the reflective material, the first electrodes 710a,
7105 and 710c may be formed using aluminum, silver, plati-
num, chrome, tungsten, molybdenum, palladium, alloys
thereof. The first electrodes 710a, 7105 and 710¢ may be
formed by a printing process, a sputtering process, a CVD
process, an ALD process, a PLD process, etc.
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[0094] A pixel defining layer 190 may be disposed on the
first electrodes 710a, 7105 and 710¢. The pixel defining layer
190 may include an organic material or an inorganic material.
For example, the pixel defining layer 190 may be formed
using photoresist, acryl-based resin, polyacryl-based resin,
polyimide-based resin, a silicon compound, etc. The pixel
defining layer 190 may be formed by a spin coating process,
a spray process, a printing process, a CVD process, etc.
[0095] Inexemplary embodiments, the pixel defining layer
190 may be etched to form an opening exposing the first
electrode 710. The opening of the pixel defining layer 190
may define a pixel region I and a peripheral region II of the
organic light emitting display device. For example, a portion
having the opening of the pixel defining layer 190 may be the
pixel region I of the organic light emitting display device
while another portion surrounding the opening of the pixel
defining layer 190 may be the peripheral region 1I of the
organic light emitting display device.

[0096] Referring now to FIG. 3, the first to third organic
light emitting display device 71, 72 and 73 may be positioned
on a region corresponding to the first electrodes 710a, 7105
and 710c¢ exposed by the opening of the pixel defining layer
190. The first to the third organic light emitting display layers
720a,720b and 720c may extend on a side wall of the opening
of the pixel defining layer 190. In exemplary embodiments,
the first to the third organic light emitting display device 71,
72 and 73 may include the first to the third organic light
emitting layers 720a, 7205 and 720c¢, a hole injection layer, a
hole transfer layer, an electron transfer layer, an electron
injection layer, etc. In exemplary embodiments, the first to the
third organic light emitting display device 71, 72 and 73 may
be formed using light emitting materials for generating dif-
ferent colored light such as a red colored light (R), a green
colored light (G) and a blue colored light (B) in accordance
with color pixels of the organic light emitting display device.
Alternatively, the first to the third organic light emitting dis-
play device 71,72 and 73 may include a plurality of stacked
light emitting materials for generating a red colored light, a
green colored light, and a blue colored light to thereby emit-
ting a white color of light.

[0097] A second electrode 730a, 7306 and 730c may be
formed on the first to the third organic light emitting display
device 71, 72 and 73 and the pixel defining layer 190. The
second electrode 730 may be formed using zinc oxide, indium
tin oxide, tin oxide, indium oxide, gallium oxide, indium zinc
oxide, etc. These may be used alone or in any combination
thereof. The second electrode 730a, 7305 and 730c¢ may be
formed by a sputtering process, a CVD process, an ALD
process, a PLD process, a printing process, etc.

[0098] Referring to FIG. 4, an encapsulating member 120
may be formed on the second electrode 730. In exemplary
embodiments, the encapsulating member 120 may have a
single layer structure or a multi layer structure, which may
include an inorganic material and an organic material. The
encapsulating member 120 may preferably have a structure in
which the inorganic material and then organic material may
be stacked alternately and repeatedly. Accordingly, the
encapsulating member 120 having stacked structure is suit-
able for a flexible display device, etc. Alternatively, the encap-
sulating member 120 may include a transparent insulating
substrate. For example, the encapsulating member 120 may
include a glass substrate, a quartz substrate, a transparent
resin substrate, etc. In this case, a predetermined space may
be provided between the second electrode 730 and the encap-
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sulating member 120. This space may be filled with an air or
an inactive gas such as a nitrogen (N,) gas.

[0099] Referring to FIG. 5, the first to the third low refrac-
tive films 131a, 1324 and 133¢ may be formed on the encap-
sulating member 120. The first low refractive film 131a may
be positioned over the first organic light emitting layer 720a.
The second low refractive film 132a may be positioned over
the second organic light emitting layer 7205. The third low
refractive film 133@ may be positioned over the third organic
light emitting layer 720c.

[0100] Inexemplary embodiments, the first to the third low
refractive films 131a, 132a and 1334 may be formed on the
encapsulating member 120. Thereafter, the first to the third
low refractive films 131a, 132a and 133a¢ may be partially
removed by a conventional photo-etching process. The shape
of the first to the third low refractive films 131a, 1324, and
1334 may decide a profile of the lower regions of the first to
the third high refractive films 1315, 1324, and 1335 (see FIG.
6).

[0101] Inexemplary embodiments, the first to the third low
refractive films 1314, 1324, and 1334 may include substan-
tially the same materials. Alternatively, the first to the third
low refractive films 131a, 1324, and 1334 may be a material
different from that of the remaining first to third low refractive
films 131a, 1324, and 1334 other.

[0102] Referring to FIG. 6, the first to the third high refrac-
tive films 1315, 1325, and 1335 may be formed on the first to
the third low refractive films 131a, 1324, and 133a. The first
high refractive film 1314 may be positioned over the first
organic light emitting layer 720a. The second high refractive
film 1325 may be positioned over the second organic light
emitting layer 7205. The third high refractive film 1335 may
be positioned over the third organic light emitting layer 720c.
In exemplary embodiments, the first to the third high refrac-
tive films 1315, 1324, and 1335 may have a convex lens shape
with an upper region and a lower region. For example, each of
the upper regions of the first and the second high refractive
films 1315 and 1325 and the upper region of the third high
refractive film 1335 may be substantially the same height.
Alternatively, the each of the upper regions of the first and the
second high refractive films 1315 and 1325 may have a refrac-
tive index and a width different from that of the upper region
of the third high refractive film 1334.

[0103] Alternatively, the lower region of the third high
refractive film 1335 may have a refractive index, a width, and
a height different from those of the lower region of the first
and the second high refractive films 1315 and 1325 due to a
shape of the third high refractive film 1334.

[0104] Inexemplary embodiments, the firstto the third high
refractive films 1315, 1326 and 1334 may include substan-
tially the same materials. Alternatively, at least one of the first
to the third high refractive films 1315, 1326 and 1335 may
include a material different from that of the remaining first to
third high refractive films 1315, 1325 and 133.

[0105] Referring to FIG. 7. a black matrix 140 may be
formed on a graded functional layer 130. The black matrix
140 may be disposed on the graded functional layer 130
corresponding to the peripheral region II.

[0106] In exemplary embodiments, a black material layer
may be formed on the graded functional layer 130. For
example, the black material layer may include black silicon,
carbon black, etc. Thereafter, the black material layer may be
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etched using a conventional photo-etching process. Hence,
the black matrix 140 may be provided on the graded func-
tional layer 130.

[0107] Referring now FI1G. 7, a color filter layer 150 may be
formed on the black matrix 140. In exemplary embodiments,
the color filter layer 150 may include a first color filter layer
150a, a second color filter layer 1505, and a third color filter
layer 150c.

[0108] In exemplary embodiments, red color, green color
and blue color resin layers may be formed on the black matrix
140. Thereafter, red color, green color and blue color resin
layers may be patterned by a photolithography process.
Hence, the first to the third color filter layers 150a, 1505 and
150¢ may be provided on the black matrix 140. In this case,
the first color filter layer 150a may correspond to a red col-
ored filter layer. The second color filter layer 1505 may cor-
respond to a green colored filter layer, and the third color filter
layer 150¢ may correspond to a blue colored filter layer.
[0109] FIG. 8 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
another embodiment. Since the organic light emitting display
device of FIG. 8 has a structure substantially the same as or
substantially similar to the organic light emitting display
device of FIG. 1 except for a graded functional layer, dupli-
cated descriptions will be omitted below.

[0110] Referring to FIG. 8, an organic light emitting dis-
play device 100 may include a substrate 110, a driving circuit
unit DC, a first organic light emitting element 71, a second
organic light emitting element 72, a third organic light emit-
ting element 73, an encapsulating member 120, a graded
fanctional layer 230, a black matrix 140, a color filter layer
150, etc. Hereinafter only the graded functional layer 230 will
be illustrated for the convenience of explanation.

[0111] The graded functional layer 230 may have a first
functional layer 231 disposed over the first organic light emit-
ting layer 720a, a second functional layer 232 disposed over
the second organic light emitting layer 7205, and a third
functional layer 233 disposed over the third organic light
emitting layer 720c¢. The first to the third functional layer 231,
232 and 233 may have different refractive indexes according
to the first to the third organic light emitting layers 720a, 7205
and 720c.

[0112] The first functional layer 231 may include a first low
refractive film 231a disposed over the first organic light emit-
ting layer 720a and first high refractive film 2315 disposed on
the first low refractive film 231a. The first high refractive film
2315 may have a convex lens shape with an upper region and
a lower region.

[0113] The second functional layer 232 may include a sec-
ond low refractive film 232a disposed over the second organic
light emitting layer 7205 and second high refractive film 2324
disposed on the second low refractive film 232a. The second
high refractive film 2325 may have a convex lens shape with
an upper region and a lower region.

[0114] The third functional layer 233 may include a third
low refractive film 2334 disposed over the third organic light
emitting layer 720¢ and third high refractive film 2335 dis-
posed on the third low refractive film 233a. In this case, the
third high refractive film 2335 may have a convex lens shape
with an upper region and a lower region.

[0115] The firstto the third low refractive films 231a, 2324,
and 233 may decide a profile of the lower regions of the first
to the third high refractive films 2315, 2325, and 2335. In
exemplary embodiments, the first to the third low refractive
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films 231a, 2324, and 233a may include substantially the
same materials. Additionally, the first to the third high refrac-
tive films 2315, 2325, and 2335 may include substantially the
same materials

[0116] In exemplary embodiments, each of the upper
regions of the first and the second high refractive films 2315
and 232 may be flat. In this case, each of the upper regions of
the first and the second high refractive films 2315 and 2326
may have a refractive index and a height different from those
of the upper region of the third high refractive film 2334. For
example, a taper angle between an end portion of the upper
region of the third high refractive film 2335 and the color filter
layer 150 may be between about 5 degrees and about 15
degrees, and a height of the upper region of the third high
refractive film 2335 may be between about 1.9 um and about
2.1 um.

[0117] Each of the upper regions of the first and the second
high refractive films 2315 and 2325 may have a width differ-
ent from that of the upper region of third high refractive film
233b. In this case, the each of the widths of the upper regions
of the first and the second high refractive films 2315 and 2325
may be between about 7 um and about 13 um, and the width
of the upper region of the third refractive film 2335 may be
between about 14 pm and about 20 um.

[0118] Each of the lower regions of the first and the second
high refractive films 23154 and 2326 may have a refractive
index different from that of the upper region of the third high
refractive film 2335. For example, a taper angle between an
end portion of the lower region of the first and the second high
refractive films 2315 and 23256 and the first and the second
low refractive film 231a and 2324 may be between about 25
degrees and about 80 degrees, and a taper angle between an
end portion of the lower region of the third high refractive film
2334 and the third low refractive film 233a may be between
about 20 degrees and about 70 degrees.

[0119] Each of the lower regions of the first and the second
high refractive films 2315 and 2325 may have a width differ-
ent from that of the lower region of the third high refractive
film 2335. In this case, the width of the lower region of the
first and the second high refractive films 2315 and 2325 may
be between about 7 um and about 13 um, and the width ofthe
lower region of the third refractive film 2335 may be between
about 17 um and about 23 um.

[0120] Each of the lower regions of the first and the second
high refractive films 2315 and 23256 may have a height dif-
ferent from that of the lower region of the third high refractive
film 2335. In this case, the height of the lower region of the
first and the second high refractive films 2315 and 2325 may
be between about 2.5 pm and about 3.5 um, and the height of
the lower region of the third refractive film 2335 may be
between about 2 um and about 4 um.

[0121] However, the present inventive concept is not lim-
ited thereto. For example, shapes (i.e., a taper angle, a width,
aheight, etc) of the first to the third low refractive films 2314,
232a and 233a and the shapes of the first to the third high
refractive films 2315, 2325 and 2335 may be changed accord-
ing to exemplary embodiments of the present invention.
[0122] FIG. 9 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
another embodiment. Since the organic light emitting display
device of FIG. 9 has a structure substantially the same as or
substantially similar to the organic light emitting display
device of FIG. 1 except for a graded functional layer, dupli-
cated descriptions will be omitted below.

Dec. 11,2014

[0123] Referring to FIG. 9, an organic light emitting dis-
play device 100 may include a substrate 110, a driving circuit
unit DC, a first organic light emitting element 71, a second
organic light emitting element 72, a third organic light emit-
ting element 73, an encapsulating member 120, a graded
functional layer 330, a black matrix 140, a color filter layer
150, etc. Hereinafter only the graded functional layer 330 will
be illustrated for the convenience of explanation.

[0124] The graded functional layer 330 may have a first
functional layer 331 disposed over the first organic light emit-
ting layer 720a, a second functional layer 332 disposed over
the second organic light emitting layer 7206, and a third
functional layer 333 disposed over the third organic light
emitting layer 720c¢. In this case, the first to the third func-
tional layer 331, 332 and 333 may have different refractive
indexes corresponding to the first to the third organic light
emitting layers 720a, 7206 and 720c.

[0125] The first functional layer 331 may include a first low
refractive film 3314 disposed over the first organic light emit-
ting layer 720qa and the first high refractive film 3315 disposed
on the first low refractive film 331a. In this case, the first high
refractive film 3315 may have a convex lens shape with an
upper region and a lower region.

[0126] The second functional layer 332 may include a sec-
ond low refractive film 332a disposed over the second organic
light emitting layer 7205 and the second high refractive film
3325 disposed on the second low refractive film 332a. In this
case, the second high refractive film 3326 may have a convex
lens shape with an upper region and a lower region.

[0127] The third functional layer 333 may include a third
low refractive film 3334 disposed over the third organic light
emitting layer 720c¢ and the third high refractive film 3335
disposed on the third low refractive film 333a. In this case, the
third high refractive film 3335 may have a convex lens shape
with an upper region and a lower region.

[0128] The firstto the third low refractive films 331a, 3324,
and 333 may decide a profile of the lower regions of the first
to the third high refractive films 3315, 3325, and 3335. In
exemplary embodiments, the first to the third low refractive
films 331a, 3324, and 333a may include substantially the
same materials. Additionally, the first to the third high refrac-
tive films 3315, 3325, and 3335 may include substantially the
same materials

[0129] Inexemplary embodiments, the lower region of the
first and the second high refractive films 3315 and 3315 may
be flat. In this case, the lower region of the first high refractive
film 3315 may have substantially the same refractive index as
the lower region of the second high refractive film 3325. The
lower region of the first high refractive film 3315 may have a
refractive index different from that of the lower region of the
third high refractive film 3334. For example, a taper angle
between end portion ofthe lower region of the first and second
high refractive films 33154 and 3315 and the first low refractive
film 331a may be between about 25 degrees and about 80
degrees, and a taper angle between end portion of the lower
region of the third high refractive film 3335 and the third low
refractive film 333a may be between about 20 degrees and
about 70 degrees.

[0130] The lower region of the first high refractive film
3315 may have substantially the same width as the lower
region of the second high refractive film 332b. The lower
region of the first high refractive film 3315 may have a width
different from that of the lower region of the third high refrac-
tive film 3334. For example, the width of the lower region of
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the first and the second high refractive films 3314 and 3325
may be between about 7 um and about 13 um. A flat portion
of the lower region of the first high refractive film 3315 may
be between about 3 um and about 7 um, and the width of the
lower region of the third refractive film 3335 may be between
about 17 um and about 23 pum.

[0131] Each of the lower regions of the first high refractive
film 3315 may have a height different from that of the lower
region of the second and the third high refractive films 3325
and 333b. In this case, the height of the lower region of the
first high refractive film 3315 may be between about 2.5 pm
and about 3.5 pum, and the height of the lower region of the
second and the third refractive films 3326 and 3335 may be
between about 3 um and about 4 um.

[0132] The upper region of the first high refractive film
3315 may have substantially the same refractive index as the
upper region of the second high refractive film 3325. The
lower region of the first high refractive film 3315 may have a
refractive index different from that of the upper region of the
third high refractive film 3335. For example, a taper angle
between an end portion of the upper region of the first and the
second high refractive films 3315 and 3324 and the color filter
layer 150 may be between about 5 degrees and about 20
degrees, and a taper angle between an end portion of the upper
region of the third high refractive film 3335 and the color filter
layer 150 may be between about 5 degrees and about 15
degrees.

[0133] Each of the upper regions of the first and the second
high refractive films 3314 and 3325 may have a width differ-
ent from that of the upper region of the third high refractive
film 3335. In this case, the width of the upper region of the
first and the second high refractive films 3315 and 3325 may
be between about 2 um and about 8 um, and the width of the
upper region of the third refractive film 3335 may be between
about 14 um and about 20 pm.

[0134] Each of the upper regions of the first and the second
high refractive films 3315 and 3326 may have substantially
the same height as the upper region of the third high refractive
film 3335. In this case, the height of the upper region of the
first to the third high refractive films 3315, 3325 and 3335
may be between about 0.9 pm and about 2.1 pm.

[0135] However, the present inventive concept is not lim-
ited thereto. For example, shapes (i.e., a taper angle, a width,
aheight, etc) of the first to the third low refractive films 331aq,
332a and 333a and the shapes of the first to the third high
refractive films 3315, 3325 and 3335 may be changed accord-
ing to exemplary embodiments of the present invention.
[0136] FIG. 10 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
embodiments. Since the organic light emitting display device
of FIG. 10 has a structure substantially the same as or sub-
stantially similar to the organic light emitting display device
of FIG. 1 except for a graded functional layer, duplicated
descriptions will be omitted below.

[0137] Referring to FIG. 10, an organic light emitting dis-
play device may include a substrate 110, a driving circuit unit
DC, afirst organic light emitting element 71, a second organic
light emitting element 72, a third organic light emitting ele-
ment 73, an encapsulating member 120, a graded functional
layer 430, a black matrix 140, a color filter layer 150, etc.
Hereinafter only the graded functional layer 430 will be illus-
trated for the convenience of explanation.

[0138] The graded functional layer 430 may have a first
functional layer 431 disposed over the first organic light emit-
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ting layer 720a, a second functional layer 432 disposed over
the second organic light emitting layer 7205, and a third
functional layer 433 disposed over the third organic light
emitting layer 720c¢. In this case, the first to the third func-
tional layer 431, 432 and 433 may have different refractive
indexes corresponding to the first to the third organic light
emitting layers 720a, 7205 and 720c.

[0139] The first functional layer 431 may include a first low
refractive film 431a disposed over the first organic light emit-
ting layer 720a and first high refractive film 4315 disposed on
the first low refractive film 431a. In this case, the first high
refractive film 4315 may have a convex lens shape with an
upper region and a lower region.

[0140] The second functional layer 432 may include a sec-
ond low refractive film 432a disposed over the second organic
light emitting layer 7205 and second high refractive film 4324
disposed on the second low refractive film 432a4. In this case,
the second high refractive film 4325 may have a convex lens
shape with an upper region and a lower region.

[0141] The third functional layer 433 may include a third
low refractive film 4334 disposed over the third organic light
emitting layer 720c¢ and third high refractive film 4335 dis-
posed on the third low refractive film 433a. In this case, the
third high refractive film 4335 may have a convex lens shape
with an upper region and a lower region.

[0142] The first to the third low refractive films 431a, 4324,
and 433¢ may decide a profile of the lower regions of the first
to the third high refractive films 4315, 4325, and 43354. In
exemplary embodiments, the first to the third low refractive
films 431a, 4324, and 433a may include a material different
from that of the remaining first to third high refractive films
431a, 4324, and 433a. Additionally, the first to third high
refractive films 4315, 4325, and 4335 may include a material
different from that of the remaining first to third high refrac-
tive films 4315, 4325, and 43354.

[0143] FIG. 11 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
another embodiment.

[0144] Referring to FIG. 11, an organic light emitting dis-
play device may include a substrate 110, a driving circuit unit
DC, afirst organic light emitting element 71, a second organic
light emitting element 72, a third organic light emitting ele-
ment 73, an encapsulating member 120, a graded functional
layer 530, a black matrix 140, a color filter layer 150, etc.
Hereinafter only the graded functional layer 530 will be illus-
trated for the convenience of explanation.

[0145] The graded functional layer 530 may have a first
functional layer 531 disposed over the first organic light emit-
ting layer 720a, a second functional layer 532 disposed over
the second organic light emitting layer 7205, and a third
functional layer 533 disposed over the third organic light
emitting layer 720c¢. In this case, the first to the third func-
tional layer 531, 532 and 533 may have different refractive
indexes corresponding to the first to the third organic light
emitting layers 720a, 7205 and 720c.

[0146] The first functional layer 531 may include a first low
refractive film 531a disposed over the first organic light emit-
ting layer 720a and first high refractive film 5315 disposed on
the first low refractive film 531q. In this case, the first high
refractive film 5315 may have a convex lens shape with an
upper region and a lower region.

[0147] The second functional layer 532 may include a sec-
ond low refractive film 532a disposed over the second organic
light emitting layer 7205 and second high refractive film 5324
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disposed on the second low refractive film 532a. In this case,
the second high refractive film 5325 may have a convex lens
shape with an upper region and a lower region.

[0148] The third functional layer 533 may include a third
low refractive film 5334 disposed over the third organic light
emitting layer 720c¢ and third high refractive film 5334 dis-
posed on the third low refractive film 533a. In this case, the
third high refractive film 5335 may have a convex lens shape
with an upper region and a lower region.

[0149] The first to the third low refractive films 531a, 5324,
and 533a may decide a profile of the lower regions of the first
to the third high refractive films 5315, 5325, and 5335. In
exemplary embodiments, the first to the third low refractive
films 531a, 5324, and 5334 may include a material different
from that of the remaining first to third high refractive films
531a, 5324, and 533a. Additionally, the first to the third high
refractive films 5315, 5325, and 5336 may include a material
different from that of the remaining first to third high refrac-
tive films 5315, 5325, and 5335.

[0150] FIG. 12 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
another embodiment.

[0151] Referring to FIG. 12, an organic light emitting dis-
play device may include a substrate 110, a driving circuit unit
DC, a first organic light emitting element 71, a second organic
light emitting element 72, a third organic light emitting ele-
ment 73, an encapsulating member 120, a graded functional
layer 630, a black matrix 140, a color filter layer 150, etc.
Hereinafter only the graded functional layer 630 will be illus-
trated for the convenience of explanation.

[0152] The graded functional layer 630 may have a first
functional layer 631 disposed over the first organic light emit-
ting layer 720a, a second functional layer 632 disposed over
the second organic light emitting layer 7205, and a third
functional layer 633 disposed over the third organic light
emitting layer 720c. In this case, the first to the third func-
tional layer 631, 632 and 633 may have different refractive
indexes corresponding to the first to the third organic light
emitting layers 720a, 7205 and 720c.

[0153] The first functional layer 631 may include a first low
refractive film 631a disposed over the first organic light emit-
ting layer 720a and a first high refractive film 6315 disposed
on the first low refractive film 631a. In this case, the first high
refractive film 6315 may have a convex lens shape with an
upper region and a lower region.

[0154] The second functional layer 632 may include a sec-
ond low refractive film 632a disposed over the second organic
light emitting layer 7205 and a second high refractive film
63256 disposed on the second low refractive film 632a. In this
case, the second high refractive film 6325 may have a convex
lens shape with an upper region and a lower region.

[0155] The third functional layer 633 may include a third
low refractive film 6334 disposed over the third organic light
emitting layer 720¢ and third high refractive film 6335 dis-
posed on the third low refractive film 633a. In this case, the
third high refractive film 6335 may have a convex lens shape
with an upper region and a lower region.

[0156] The first to the third low refractive films 631a, 6324,
and 6334 may decide a profile of the lower regions of the first
to the third high refractive films 6315, 6325, and 63354. In
exemplary embodiments, the first to the third low refractive
films 631a, 6324, and 6334 may include a material different
from that of the remaining first to third high refractive films
6315, 6325, and 633b. Additionally, the first to the third high
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refractive films 6315, 6325, and 6335 may include a material
different from that of the remaining first to third high refrac-
tive films 6315, 6325, and 6335.

[0157] Therefore, the organic light emitting display device
according to exemplary embodiments may include the black
matrix and the color filter layer. Accordingly, the organic light
emitting display device may have an improved contrast. Fur-
thermore, the organic light emitting display device may fur-
ther include the graded functional layer with at least one of the
low refractive films and the high refractive films so that light
generated from the organic light emitting element may be
effectively amplified due to difference of refractive index
between the low refractive film and the high refractive film.
Thus, the organic light emitting display device may have an
improved optical efficiency. In this case, the organic light
emitting display device may prevent a color shift in which the
light generated from the organic light emitting element may
be scattered due to the shape ofthe low refractive films and the
high refractive films.

[0158] The foregoing is illustrative of exemplary embodi-
ments and is not to be construed as limiting thereof. Although
a few exemplary embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the exemplary embodiments without
materially departing from the novel teachings and advantages
of the present inventive concept. Accordingly, all such modi-
fications are intended to be included within the scope of the
present inventive concept as defined in the claims. Therefore,
it is to be understood that the foregoing is illustrative of
various exemplary embodiments and is not to be construed as
limited to the specific exemplary embodiments disclosed, and
that modifications to the disclosed exemplary embodiments,
as well as other exemplary embodiments, are intended to be
included within the scope of the appended claims.

What is claimed is:

1. An organic light emitting display device comprising:

a substrate;

a plurality of organic light emitting elements disposed on
the substrate, the plurality of organic light emitting ele-
ments including a first organic light emitting element, a
second organic light emitting element and a third
organic light emitting element;

an encapsulating member encapsulating the plurality of
organic light emitting elements;

a graded functional layers disposed on the encapsulating
member, the graded functional layers including convex
lenses disposed on pixel regions; and

a black matrix disposed on the graded functional layer.

2. The organic light emitting display device of claim 1,

wherein the graded functional layer comprises a low
refractive film and a high refractive film, and

wherein the convex lenses are formed ofthe high refractive
film, the convex lenses including a first convex lens
disposed on the first organic light emitting element, a
second convex lens disposed on the second organic light
emitting element and a third convex lens disposed on the
third organic light emitting element.

3. The organic light emitting display device of claim 2,

wherein the first organic light emitting element is a red
organic light emitting element, the second organic light
emitting element is a green organic light emitting ele-
ment and the third organic light emitting element is a
blue organic light emitting element.
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4. The organic light emitting display device of claim 3,

wherein each of the first convex lens, the second convex
lens and the third convex lens has an upper region and a
lower region, and

wherein the third convex lens has a flat portion on the lower
region.

5. The organic light emitting display device of claim 4,

wherein a refractive index and a width of the third convex
lens are different from those of the first convex lens and
the second convex lens.

6. The organic light emitting display device of claim 4,

wherein a taper angle of the lower region in the third
convex lens is different from that of the lower region in
the first convex lens and the lower region in the second
convex lens.

7. The organic light emitting display device of claim 4,

wherein a taper angle of the upper region in the third
convex lens is different from that of the upper region in
the first convex lens and the upper region in the second
convex lens.

8. The organic light emitting display device of claim 3,

wherein each of the first convex lens, the second convex
lens and the third convex lens has an upper region and a
lower region, and

wherein the first convex lens and the second convex lens
have a flat portion on the upper region.

9. The organic light emitting display device of claim 8,

wherein a width of the third convex lens are different from
that of the first convex lens and the second convex lens.

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

wherein a taper angle of the lower region in the third
convex lens is different from that of the lower region in
the first convex lens and the lower region in the second
convex lens.

11. The organic light emitting display device of claim 8,

wherein a taper angle of the upper region in the third
convex lens is different from that of the upper region in
the first convex lens and the upper region in the second
convex lens.

12. The organic light emitting display device of claim 8,

wherein a height of the lower region inthe third convex lens
are different from that of the lower region in the first
convex lens and the lower region in the second convex
lens.

13. The organic light emitting display device of claim 2,

wherein the first organic light emitting element, the second
organic light emitting element and the third organic light
emitting element are white organic light emitting ele-
ments.

14. The organic light emitting display device of claim 13,

wherein each of the first convex lens, the second convex
lens and the third convex lens has an upper region and a
lower region,
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wherein the third convex lens has a flat portion on the lower
region.
15. The organic light emitting display device of claim 14,
wherein a refractive index and a width of the third convex
lens are different from those of the first convex lens and
the second convex lens.
16. The organic light emitting display device of claim 15,
wherein a taper angle of the third convex lens is different
from that of the first convex lens and the second convex
lens.
17. The organic light emitting display device of claim 14,
wherein a taper angle of the third convex lens is different
from that of the first convex lens and the second convex
lens.
18. A method of manufacturing an organic light display
device, the method comprising:
forming an organic light emitting element on a substrate;
forming an encapsulating member on the substrate, the
encapsulating member encapsulating the organic light
emitting element;
forming a graded functional layer on the encapsulating
member, the graded functional layers including convex
lenses disposed on pixel regions;
forming a black matrix on the graded functional layer; and
forming a color filter layer on the black matrix.
19. The method of claim 18, wherein the organic light
emitting element comprises:
a first electrode disposed on a substrate;
a second electrode opposing the first electrode;
a first light emitting layer disposed between the first elec-
trode and the second electrode;
a second light emitting layer disposed on the first light
emitting layer; and
a third light emitting layer disposed on the second light
emitting layer, wherein the graded functional layer has a
different refractive index corresponding to the first to
third organic light emitting layers.
20. The method of claim 19, wherein the graded functional
layer comprises:
a first functional layer disposed over the first organic light
emitting layer;
a second functional layer disposed over the second organic
light emitting layer; and
athird functional layer disposed over the third organic light
emitting layer, and
wherein each of the first to third functional layers has at
least one of a refractive index, a width, and a height
different from each other corresponding to the first to
third organic light emitting layers.
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