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(7) ABSTRACT

An optical film manufacturing method includes forming a
master in which a shape corresponding to a plurality of micro-
lens patterns is engraved, forming a low refractive index
pattern layer in which the plurality of micro-lens patterns are
formed, by using the master, forming a high refractive index
material layer that has a higher refractive index than a refrac-
tive index of the low refractive index pattern layer, and
imprinting the low refractive index pattern layer on the high
refractive index material layer to form a high refractive index
pattern layer, on a first surface of a substrate.
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METHOD OF MANUFACTURING OPTICAL
FILM FOR REDUCING COLOR SHIFT,
ORGANIC LIGHT-EMITTING DISPLAY

APPARATUS USING OPTICAL FILM FOR

REDUCING COLOR SHIFT, AND METHOD

OF MANUFACTURING THE SAME

RELATED APPLICATIONS

[0001] This application claims priority from Korean Patent
Application No. 10-2013-0143152, filed on Nov. 22,2013, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] Example embodiments relate to optical films for
reducing color shift and/or organic light-emitting display
apparatuses using the same.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting diodes (OLEDs) include an
anode, an organic emission layer, and a cathode. When a
voltage is applied between the anode and the cathode, holes
are imjected from the anode into the organic emission layer,
and electrons are injected from the cathode into the organic
emission layer. The holes and electrons injected into the
organic emission layer are recombined in the organic emis-
sion layer to generate excitons, and the excitons are shifted
from an excited state to a ground state to thus emit light.
[0006] In the OLEDs, since a light-emitting material is an
organic material, adisadvantage of reduced service life due to
deterioration of the material is a fundamental issue in the
development of OLED technology, and many technologies
are being proposed to address this issue.

[0007] A micro-cavity structure in which light resonates at
acertain wavelength to increase a light intensity that emits the
light to the outside, is one such technology. That is, a distance
between an anode and a cathode is designed to match a
representative wavelength of each of red (R), green (G), and
blue (B) wavelengths, and thus, only light corresponding
thereto resonates to be emitted to the outside, and other wave-
lengths are weakened. As a result, an intensity of light emitted
to the outside is strengthened and sharpened, thereby increas-
ing luminance and color purity. Furthermore, the increase in
luminance leads to low power consumption, thereby increas-
ing service life.

[0008] On the other hand, in the micro-cavity structure, a
wavelength to be amplified by a film thickness of an organic
deposition material is determined, and a path length of light is
along a side instead of a front. For this reason, an effect
similar to the film thickness of the organic deposition material
being changed occurs, causing a change in an amplified wave-
length.

[0009] That is, as a viewing angle is tilted from a front to a
side, the maximum resonance wavelength is shown in a short
wavelength, and thus, color shift occurs toward the short
wavelength. For example, a blue shift phenomenon in which
white is shown at the front and bluish white at the side occurs.
[0010] Optical films of various structures for reducing
color shift, which are each attached to an OLED panel, are
being proposed for reducing color shift based on a viewing
angle. The optical films for reducing color shift include a
micro-lens pattern having a high aspect ratio, and thus, in
manufacturing the optical film, defects such as outgassing
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and void formation occur in a process of filling the micro-lens
pattern with a filling material, and hardening and releasing the
filling material.

SUMMARY

[0011] At least one example embodiment relates to meth-
ods of manufacturing an optical film for reducing color shift,
organic light-emitting display apparatuses using the optical
film for reducing color shift, and/or methods of manufactur-
ing the same.

[0012] Additional example embodiments will be set forth
in part in the description which follows and, in part, will be
apparent from the description, or may be learned by practice
of the example embodiments.

[0013] According to at least one example embodiment, an
optical film manufacturing method includes forming a master
in which a shape corresponding to a plurality of micro-lens
patterns is engraved, forming a low refractive index pattern
layer in which the plurality of micro-lens patterns are formed,
by using the master, and forming a high refractive index
material layer that has a higher refractive index than a refrac-
tive index of the low refractive index pattern layer, and
imprinting the low refractive index pattern layer on the high
refractive index material layer to form a high refractive index
pattern layer, on a first surface of a substrate.

[0014] After the imprint process, a release process that
separates the low refractive index pattern layer from the high
refractive index pattern layer may not be performed.

[0015] According to at least one example embodiment, the
forming of a low refractive index pattern layer may include
forming a low refractive index material layer on a base film,
disposing the master on the low refractive index material
layer, pressuring and hardening the master to form the low
refractive index pattern layer, and separating the master from
the low refractive index pattern layer.

[0016] The optical film manufacturing method may further
include, after the high refractive index patternlayer is formed,
separating the base film from the low refractive index pattern
layer.

[0017] The forming of a master may include forming a
plurality of sub molds that are each formed of a resin material
and have the same shape as the shape of an equally divided
portion of the master, tiling the plurality of sub molds to form
a large-area mold, and performing a duplication process of
the large-area mold to form a shape of the large-area mold
with a metal material.

[0018] The forming of a plurality of sub molds may
include, forming a metal mold in which a shape correspond-
ing to the sub mold is embossed, imprinting the shape of the
metal mold on a first polymer material, separating the metal
mold from the first polymer material to form one sub mold,
and repeating the imprinting for a second polymer material.

[0019] The forming of a metal mold may include forming a
silicon master in which the plurality of micro-lens patterns
are formed, and performing a duplication process of the sili-
con master to form the same shape as a shape of the silicon
master with a metal material.

[0020] The forming of a silicon master may use an electron
beam lithography method or a laser interference lithography
method.

[0021] The performing of a duplication process of the sili-
con master may include forming a soluble polymer layer on a
base film, disposing the silicon master on the soluble polymer
layer, pressurizing and hardening the silicon master to form a
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pattern polymer layer, separating the silicon master from the
pattern polymer layer, coating a metal material on the pattern
polymer layer, hardening the metal material, and dissolving
the pattern polymer layer.

[0022] The soluble polymer layer may be formed of poly-
vinylalcohol.
[0023] The performing of a duplication process of the

large-area mold may include forming a soluble polymer layer
on a base film, disposing the large-area mold on the soluble
polymer layer, pressurizing and hardening the large-area
mold to form a pattern polymer layer, separating the pattern
polymer layer from the large-area mold, coating a metal
material on the pattern polymer layer, hardening the metal
material, and dissolving the pattern polymer layer.

[0024] The soluble polymer layer may be formed of poly-
vinylalcohol.
[0025] The forming of a low refractive index pattern layer

and the forming of a high refractive index pattern layer may
be performed according to a roll printing process.

[0026] The optical film manufacturing method may further
include forming an anti-reflection layer on a second surface
facing the first surface, on the substrate.

[0027] The optical film manufacturing method may further
include, before forming the anti-reflection layer, forming a
circular polarization film, which includes a phase conversion
layer and a linear polarization layer, on the second surface.
[0028] The optical film manufacturing method may further
include, before forming the anti-reflection layer, forming a
transmittance adjusting layer on the second surface facing the
first surface.

[0029] According to at least one example embodiment, a
method of manufacturing an organic light-emitting display
apparatus includes preparing an organic light-emitting panel,
including a plurality of organic emission layers, each of
which emits light having different wavelengths and has a
micro-cavity structure causing a resonance phenomenon
from light having a corresponding wavelength, and a sealing
layer that covers the plurality of organic emission layers, on a
substrate, manufacturing an optical film according to the
method, and bonding the optical film to the organic light-
emitting panel.

[0030] The sealing layer and the low refractive index pat-
tern layer may be formed of the same material.

[0031] According to at least one example embodiment, an
organic light-emitting display apparatus includes a first sub-
strate, a plurality of organic emission layers on the first sub-
strate, each of which emits light having different wave-
lengths, and has a micro-cavity structure causing a resonance
phenomenon from light having a corresponding wavelength,
a sealing layer that covers the plurality of organic emission
layers, a low refractive index pattern layer that is formed on
the sealing layer, and in which a plurality of micro-lens pat-
terns are embossed, a high refractive index pattern layer that
is formed of a material, having a higher refractive index than
arefractive index of the low refractive index pattern layer, on
the low refractive index pattern layer, and in which a shape
corresponding to the plurality of micro-lens pattern is
engraved, and a second substrate that is formed on the high
refractive index pattern layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] These and/or other example embodiments will
become apparent and more readily appreciated from the fol-
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lowing description of the example embodiments, taken in
conjunction with the accompanying drawings in which:
[0033] FIGS.1A and 1B are cross-sectional views illustrat-
ing a schematic structure of an optical film to be manufac-
tured, and respectively illustrate a light path, through which
light vertically incident on the optical film is output, and a
light path through which light obliquely incident on the opti-
cal film is output;

[0034] FIGS.2Ato2F, FIGS.3A to 31, and FIGS. 4A t0 4G
are illustrations of methods of manufacturing an optical film
according to example embodiments;

[0035] FIGS. 5A to 5C are cross-sectional views illustrat-
ing example structures of an optical film manufactured by a
method of manufacturing the optical film according to an
example embodiment;

[0036] FIGS. 6A to 6B are views for describing a method of
manufacturing an organic light-emitting display apparatus
according to an example embodiment;

[0037] FIGS. 7A to 7D are illustrations of methods of
manufacturing an organic light-emitting display apparatus
according to a comparative example; and

[0038] FIG. 8 illustrates a method of manufacturing an
organic light-emitting display apparatus according to an
example embodiment.

DETAILED DESCRIPTION

[0039] Reference will now be made in detail to example
embodiments illustrated in the accompanying drawings,
wherein like reference numerals refer to like elements
throughout. In this regard, the example embodiments may
have different forms and should not be construed as being
limited to the descriptions set forth herein. Accordingly, the
example embodiments are merely described below, by refer-
ring to the figures. Expressions such as “at least one of,” when
preceding a list of elements, modify the entire list of elements
and do not modify the individual elements of the list.

[0040] Example embodiments may impose various trans-
formations that may have various example embodiments, and
specific example embodiments illustrated in the drawings
will be described in detail in the detailed description. The
effects and features of the example embodiments will become
apparent from the following description with reference to the
accompanying drawings, which is set forth hereinafter. The
example embodiments may, however, may be embodied in
different forms and should not be construed as being limited
to the examples set forth herein.

[0041] Hereinafter, example embodiments will be
described in detail with reference to the accompanying draw-
ings. In addition, in the present specification and drawings,
like reference numerals refer to like elements throughout, and
thus, redundant descriptions are omitted.

[0042] It will be understood that when an element is
referred to as being “on,” “connected” or “coupled” to
another element, it can be directly on, connected or coupled to
the other element or intervening elements may be present. In
contrast, when an element is referred to as being “directly on,”
“directly connected” or “directly coupled” to another ele-
ment, there are no intervening elements present. As used
herein the term “and/or” includes any and all combinations of
one or more of the associated listed items. Further, it will be
understood that when a layer is referred to as being “under”
another layer, it can be directly under or one or more inter-
vening layers may also be present. In addition, it will also be
understood that when alayer is referred to as being “between”
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two layers, it can be the only layer between the two layers, or
one or more intervening layers may also be present.

[0043] Itwill be understood that, although the terms “first”,
“second”, etc. may be used herein to describe various ele-
ments, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of example embodiments.

[0044] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below™ or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0045] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of example embodiments. In the following
example embodiments, the singular forms “a”, “an” and “the”
are intended to include the plural forms as well, unless the
context clearly indicates otherwise.

[0046] Inthe following example embodiments, it should be

2

further understood that the terms “comprises”, “comprising”,
“has”, “having”, “includes” and/or “including”, when used
herein, 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, inte-
gers, steps, operations, elements, components, and/or groups
thereof.

[0047] Example embodiments are described herein with
reference to cross-sectional illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of example embodiments. As such, variations
from the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, example embodiments should not be con-
strued as limited to the particular shapes of regions illustrated
herein but are to include deviations in shapes that result, for
example, from manufacturing. For example, an implanted
region illustrated as a rectangle will, typically, have rounded
or curved features and/or a gradient of implant concentration
at its edges rather than a binary change from implanted to
non-implanted region. Likewise, a buried region formed by
implantation may result in some implantation in the region
between the buried region and the surface through which the
implantation takes place. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device
and are not intended to limit the scope of example embodi-
ments. Unless otherwise defined, all terms (including techni-
cal and scientific terms) used herein have the same meaning
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as commonly understood by one of ordinary skill in the art to
which example embodiments belong. 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. As used herein,
expressions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0048] In the drawings, the dimensions of layers and
regions are exaggerated or reduced for clarity of illustration.
For example, a dimension and thickness of each element in
the drawings are arbitrarily illustrated for clarity, and thus,
embodiments of the present invention are not limited thereto.
[0049] According to at least one example embodiment,
FIGS. 1A and 1B are cross-sectional views illustrating a
schematic structure of an optical film 1 to be manufactured,
and respectively illustrate a light path through which light
vertically incident on the optical film 1 is output, and a light
path through which light obliquely incident on the optical
film 1 is output.

[0050] Theoptical film 1 refracts and outputs light, which is
incident in one direction, in various directions depending on
an incident position of the light, and combines the light. First,
an example configuration of the optical film 1 will now be
described in detail.

[0051] The optical film 1 includes a low refractive index
pattern layer 420, in which a plurality of micro-lens patterns
420a are embossed, and a high refractive index pattern layer
520 in which a shape corresponding to the plurality of micro-
lens patterns 420q is engraved on the low refractive index
pattern layer 420. Each of the micro-lens patterns 420a may
have a shape formed of a curved surface in which a depth is
greater than a width. The plurality of micro-lens patterns
4204 may be patterns in which a plurality of stripe patterns are
one-dimensionally arranged or a plurality of dot patterns are
two-dimensionally arranged.

[0052] The high refractive index pattern layer 520 may be
formed of a material (for example, a transparent plastic mate-
rial) having a refractive index greater than about 1. Also, the
high refractive index pattern layer 520 may be formed of a
transparent plastic material containing an optical diffuser or
an optical absorber. The optical diffuser may use a diffusive
bead, and the optical absorber may use a black dye such as, for
example, carbon black. The optical diffuser planarizes a peak
which occurs in color shifts (Au'v') and a luminance profile
with respect to angle, due to a certain groove, thereby enhanc-
ing a visual characteristic. Also, the optical absorber may
contribute to enhance a characteristic, such as contrast or
color purity, by using a dye which selectively absorbs a cet-
tain wavelength or by using carbon black which absorbs most
or all wavelengths of visible light.

[0053] The low refractive index pattern layer 420 may be
formed of a resin material having a lower refractive index than
the refractive index of the high refractive index pattern layer
520, or may be formed of a transparent plastic material con-
taining an optical diffuser or an optical absorber. The optical
diffuser may use a diffusive dye, and the optical absorber may
use a black dye such as, for example, carbon black.

[0054] A boundary surface between the low refractive
index pattern layer 420 and the high refractive index pattern
layer 520 forms a plurality of micro-lens patterns 420a, and
includes a pattern in which a curved surface 5204 and a planar
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surface 5205 are alternated. The curved surface 520a may be
formed of various aspherical surfaces such as an oval surface,
a parabolic surface, a hyperbolic surface, etc.

[0055] Referring to FIG. 1A, according to at least one
example embodiment, light vertically incident on the optical
film 1 is refracted in different directions depending on a
position contacting the curved surface 520¢, and is output
from the optical film 1. That is, rays having the same incident
angle are refracted in various directions depending on posi-
tions reaching the curved surface 520a, and thus, light is
diffused.

[0056] Referring to FIG. 1B, according to at least one
example embodiment, light obliquely incident on the optical
film 1 is refracted in different directions depending on an
incident position. For example, light .1 which passes through
the planar surface 5204 and reaches the curved surface 520a
in the high refractive index pattern layer 520 is substantially,
mostly or completely reflected off of the curved surface 520q,
and is output through the optical film 1. In such a path, an
angle at which the light is output through a top of the high
refractive index pattern layer 520 is less than an angle of the
light incident on the optical film 1. Light L2, which passes
through the planar surface 5205 without passing through the
curved surface 5204, is refracted such that a refractive angle
is greater than an incident angle in a boundary between the
high refractive index pattern layer 520 and the outside, and
thus is output through the optical film 1 at a greater angle than
an angle of the light incident on the optical film 1. Also, light
L3 contacting the curved surface 520q in the low refractive
index pattern layer 420 is refracted by the curved surface
520a, and is refracted again by the top of the high refractive
index pattern layer 520, whereby the light is output through
the optical film 1 at a greater refractive angle than the refrac-
tive angle of the light .2 which is output via the planar surface
5205 without contacting the curved surface 520qa. The inci-
dent lights L1, 1.2 and light L3, which are obliquely incident
on the optical film 1 at the same angle, are output through the
optical film 1 at different refractive angles depending on the
position of the incident light.

[0057] As described above, the light passing through the
optical film 1 is such that light incident on the optical film 1 at
various angles is combined.

[0058] In the above description, a detailed light path
through which incident light is diffused is an example only,
and is exaggerated for convenience of illustration. For
example, refraction of a light path which occurs in the planar
surface 5205 is not illustrated. Also, a light path is gradually
changed depending on a refractive index difference between
the high refractive index pattern layer 520 and the low refrac-
tive index pattern layer 420, an aspect ratio of the micro-lens
patterns 4204, a period at which the micro-lens patterns 420a
are repeatedly arranged, and a curved-surface shape of each
of the micro-lens patterns 420q, and thus, the degree of com-
bination of light or a luminance of output light may vary.

[0059] When light incident on the optical film 1 has differ-
ent optical characteristics based on an angle of incidence, the
above-described light combination effect leads to an effect in
which light obtained by uniformly combining the optical
characteristics is output. For example, when light is emitted
from an organic light-emitting diode (OLED), a color shift
phenomenon in which color characteristics differ based on an
output angle. The light passes through the optical film 1
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having the above-described structure, and degrees of color
shift are combined, thereby reducing the color shift that is due
to the viewing angle.

[0060] As described above, a function in which the optical
film 1 reduces color shift based on a viewing angle is achieved
by the micro-lens patterns 420a, and a manufacturing method
according to an example embodiment is disclosed.

[0061] According to at least one example embodiment, a
method of manufacturing an optical film according to an
example embodiment includes forming a master in which a
shape corresponding to a plurality of micro-lens patterns
420a is engraved, forming alow refractive index pattern layer
in which the plurality of micro-lens patterns 420q are formed,
by using the master, and imprinting the low refractive index
pattern layer on a material having a higher refractive index
than the refractive index of the low refractive index pattern
layer to form a high refractive index pattern layer.

[0062] In the method of manufacturing an optical film
according to an example embodiment, a release process that
separates the low refractive index pattern layer (used as an
imprinting mold) from the high refractive index pattern layer
is not performed, and thus, a micro-lens pattern with reduced
defects can be realized.

[0063] Hereinafter, an example method for implementing
the method will be described in detail.

[0064] FIGS.2Ato2F, FIGS. 3A to 31, and FIGS. 4A t0 4G
are views for describing a method of manufacturing an optical
film according to an example embodiment. In detail, FIGS.
2A to 2F illustrate a process that forms a silicon master in
which a shape corresponding to a plurality of micro-lens
patterns to be formed on an optical film is embossed, and
duplicates the silicon master to form a metal mold. FIGS. 3A
to 31 illustrate a process that forms a master having a large
area in which a shape corresponding to a plurality of micro-
lens patterns to be formed on the optical film is engraved, by
using the metal mold. FIGS. 4A to 4E illustrate a process that
forms alow refractive index pattern layer and a high refractive
index pattern layer by using the formed master.

[0065] Referring to FIG. 2A, according to at least one
example embodiment, a silicon master 110 with a micro-lens
pattern 110a formed therein is prepared.

[0066] A micro-lens pattern 110¢ to be formed on an opti-
cal film may be precisely formed having a designed shape. To
this end, the silicon master 110 may be formed by patterning
and etching a silicon substrate by using an electron beam
lithography method, a laser interference lithography method
or other patterning and/or etching method. A process of form-
ing the micro-lens pattern 110a typically takes time and is
costly, and thus, the silicon master 100 is formed to have a
small size of an equally divided plurality of optical film
segments when an optical film to manufacture is equally
divided in a plurality of portions.

[0067] Subsequently, referring to FIG. 2B, according to at
least one example embodiment, a soluble polymer layer 131
is formed on a base film 120. The soluble polymer layer 131
may be formed of a polymer material that is dissolved by a
solvent, and for example, may include polyvinylalcohol dis-
solvable by water.

[0068] Subsequently. according to at least one example
embodiment, the silicon master 1101s disposed on the soluble
polymer layer 131, and by pressurizing the silicon master
110, as illustrated in FIG. 2C, a pattern polymer layer 130 in
which the shape of the silicon master 110 is patterned is
formed.
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[0069] Subsequently, as illustrated in FIG. 2D, according to
at least one example embodiment, the silicon master 110 is
separated from the pattern polymer layer 130.

[0070] Once the silicon master 110 is separated from the
pattern polymer layer 130, as illustrated in FIG. 2E, according
to at least one example embodiment, a metal mold 210 cor-
responding to a reverse shape of the pattern polymer layer 130
1s formed by coating a metal material on the pattern polymer
layer 130. The metal material may include, for example,
nickel (Ni), but is not limited thereto. The metal mold 210
may be formed by an electroforming method or other forming
method.

[0071] Subsequently, by dissolving the pattern polymer
layer 130, as illustrated in FIG. 2F, according to at least one
example embodiment, the metal mold 210 is separated from
the base film 120. The metal mold 210 has a shape that is a
duplicate of the shape of the silicon master 110 of FIG. 2A
with a metal material, and thus has the same shape as the
shape of the silicon master 110.

[0072] The above example process may be performed to
preserve the expensive silicon master 110, and in a subse-
quent process, the metal mold 210 is used. As another
example, a subsequent process may be performed by using
the silicon master 110 without separately forming the metal
mold 210.

[0073] Referring to FIG. 3A, according to at least one
example embodiment, a polymer layer 231 is formed on the
base film 220. An adhesion promoter may be coated on the
polymerlayer 231 and an adhesive force may be applied to the
polymer layer 231 by using the metal mold 210. The metal
mold 210 of, forexample, FIG. 2F, is disposed on the polymer
layer 231, and by pressurizing the metal mold 210, as illus-
trated in FIG. 3B, the pattern polymer layer 230 in which the
shape of the metal mold 210 is imprinted is formed.

[0074] Subsequently, as illustrated in FIG. 3C, according to
at least one example embodiment, the metal mold 210 is
separated from the pattern polymer layer 230. To this end, an
ultraviolet (UV) irradiation process that weakens adhesive-
ness by breaking chemical bonding of a preprocessed adhe-
sion promoter may be performed. The base film 220 and the
pattern polymer layer 230 form a sub mold (SM).

[0075] By repeating the processes of FIGS. 3B and 3C, the
sub mold SM may be formed in a plurality. The number of sub
molds SM may be determined so that an area occupied by the
plurality of sub molds SM is equal to an area of an optical film
to be manufactured.

[0076] Referring to FIG. 3D, according to at least one
example embodiment, a mold 250 having a large area is
formed by appending the plurality of sub molds SM next to
one another. Accordingly, the large-area mold 250 has an area
equal to an area of an optical film to be manufactured.
[0077] Subsequently, referring to FIG. 3E, according to at
least one example embodiment, a soluble polymer layer 321
is formed on a base film 310. The soluble polymer layer 321
may be formed of a polymer material that is capable of being
dissolved in a solvent, and for example, may include polyvi-
nylalcohol dissolved in water. For example, the soluble poly-
mer layer 321 may include an organic solvent, for example, an
aromatic-based solvent, a ketone-based solvent, a halogen-
based solvent, an ether-based solvent, an ester-based solvent,
or an alcohol-based solvent, and in addition, may include a
resin capable of being dissolved in dimethyl formamide, dim-
ethylsulfoxide, or diethyl formamide. The resin may include,
for example, a thermoplastic resin such as an acryl-based
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resin, a methacryl-based resin, a styrene-based resin, an
epoxy-based resin, a polyester-based resin, an olefin-based
resin, or a polycarbonate-based resin. The base film 310 may
be formed of a material (for example, polyethylene tereph-
thalate, polycarbonate, polymethyl metacrylate, polyimid
polysulfone, polyestersulfone, fantasy polyolefin, or poly-
ehtylene naphthalate) suitable to form a resin mold having
flexibility.

[0078] A material of the soluble polymer layer 321 may
differ from the material of the polymer layer 231 of FIG. 3A
which is used to form the large-area mold 250, and thus, a
separation process to be described below with reference to
FIG. 3G can be more easily performed, according to at least
one example embodiment.

[0079] The soluble polymer layer 321 is disposed on the
large-area mold 250, and by pressurizing and hardening the
soluble polymer layer 321, as illustrated in FIG. 3F, the pat-
tern polymer layer is formed according to at least one
example embodiment. Then, as illustrated in FIG. 3G, the
large-area mold 250 is separated from the pattern polymer
layer 320. In this case, a polymer material forming the large-
area mold 250 may differ from a polymer material forming
the pattern polymer layer 320, and thus, a release process may
be more easily performed.

[0080] According to at least one example embodiment, in
order to more easily perform the release process, namely, in
order to prevent a resin material forming the soluble polymer
layer 321 from attaching to the large-area mold 250, a release
agent may be applied between the large-area mold 250 and
the soluble polymer layer 321. The release agent may include
a material that has fixedness with respect to the large-area
mold 250, and releasability with respect to the soluble poly-
mer layer 321. A surface of the large-area mold 250 is plasma-
processed or is processed with a silane coupling agent,
thereby enhancing a fixedness of the release agent. Alterna-
tively, an oxide layer formed of inorganic oxide is formed on
the surface of the large-area mold 250, thereby preventing a
release layer from deviating from the surface. As another
example method, an additive is added into the soluble poly-
mer layer 321, is distributed near a surface of the soluble
polymer layer 321 while the additive is being hardened, and is
strongly chemically bonded to a release agent coated in a
subsequent process. The release agent may be formed of at
least one of a fluorine-based silane coupling agent, a pet-
fluoro-compound containing an amino group or a carboxyl
group, and a perfluoroether compound containing an amino
group or a carboxyl group. Alternatively, the release agent
may be formed of at least one of a silane coupling agent, a
terminal aminization perfluoro(perfluoroether) compound,
and a group of terminal carboxylation perfluoro(perfluoroet-
her) compounds or a compound of the above group and a
complex. Such a material may be coated on the soluble poly-
mer layer 321, and a process may be further performed in
which the soluble polymer layer 321 is rinsed with a fluorine-
based solvent such as, for example, perfluorohexane.

[0081] Subsequently, as illustrated in FIG. 3H, according to
at least one example embodiment, a metal material is coated
on the pattern polymer layer 320, and by hardening the metal
material, a master 350 is formed. The metal material may
include nickel (Ni), but is not limited thereto. The master 350
may be formed by, for example, an electroforming method or
other method.

[0082] Subsequently. by dissolving the pattern polymer
layer 320, the master 350 is separated from the base film 310.
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A solvent for dissolving the pattern polymer layer 320 is
determined depending on a material of the pattern polymer
layer 320. For example, an organic solvent may include an
aromatic-based solvent, a ketone-based solvent, a halogen-
based solvent, an ether-based solvent, an ester-based solvent,
an alcohol-based solvent, dimethyl formamide, dimethylsul-
foxide, or diethyl formamide.

[0083] The master 350, which is a metal material, is formed
by duplicating the shape of the large-area mold 250 of FIG.
3D, which is a polymer material, and may be repeatedly used
for manufacturing the optical film.

[0084] Subsequently, as illustrated in FIG. 4A, a low refrac-
tive index material layer 421 is formed on a base film 410,
according to at least one example embodiment. The low
refractive index material layer 421 may be hardened, and may
be formed of a material having a refractive index of about 1.39
to about 1.44. Also, the low refractive index material layer
421 may be formed of the same material as a sealing material
applied to an organic light-emitting panel with the manufac-
tured optical film applied thereto.

[0085] According to at least one example embodiment, the
master 350 is disposed on the low refractive index material
layer 421, and by pressurizing the master 350, as illustrated in
FIG. 4B, the low refractive index pattern layer 420 is formed.

[0086] According to at least one example embodiment, as
illustrated in FIG. 4C, the master 350 is separated from the
low refractive index pattern layer 420.

[0087] According to at least one example embodiment, as
illustrated in FIG. 4D, a high refractive index material layer
521 is formed on a substrate 510. The high refractive index
material layer 521 may be coated in the form of droplets by
using a nozzle. The high refractive index material layer 521
may be formed of a material having a higher refractive index
than the refractive index of the low refractive index material
layer 421 of FIG. 4A, and having a high refractive index of
about 1.56 to about 1.6 once the material is hardened. A
difference between the refractive index of the high refractive
index material layer 521 and the refractive index of the low
refractive index material layer 421 may be determined so that
any color shift based on a viewing angle is reduced. For
example, the refractive index difference may be set to a range
of about 0.12 to about 0.21.

[0088] According to at least one example embodiment, as
illustrated in FIG. 4E, the low refractive index pattern layer
420 is imprinted on the high refractive index material layer
521. In this case, a UV irradiation process may be performed
so that the shape of the low refractive index pattern layer 420
is transferred to the high refractive index material layer 521,
and hardened. Also, a thermal treatment may be performed
along with the UV irradiation process. Such a process is
performed so that materials forming the high refractive index
material layer 521 are fully filled into the pattern of the low
refractive index pattern layer 420.

[0089] According to at least one example embodiment, as
illustrated in FIG. 4F, by removing the base film 410 from the
low refractive index pattern layer 420, an optical film 1 of
FIG. 4G is manufactured. Also, a thermal treatment process
may be further performed as a subsequent process. Such a
process removes any voids which may be formed in the pro-
cess of FIG. 4E, and removes any residual gas remaining in
the voids. When a subsequent process is performed, it may be
confirmed that gases remaining in a pattern are reduced.
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[0090] FIGS. 5A to 5C are cross-sectional views illustrat-
ing structures of an optical film manufactured by the method
of manufacturing the optical film according to at least one
example embodiment.

[0091] Referring to FIG. 5A, an optical film 2 further
includes an anti-reflection layer 690, according to at least one
example embodiment. That is, the anti-reflection layer 690 is
further formed on a surface of the substrate 510 opposite to
the surface of the substrate 510 on which the high refractive
index pattern layer 520 is formed.

[0092] Referring to FIG. 5B, an optical film 3 further
includes a circular polarization film 630 that is formed
between the substrate 510 and the anti-reflection layer 690,
the circular polarization film 630 including a phase conver-
sion layer 620 and a linear polarization layer 640, according
to at least one example embodiment.

[0093] The circular polarization film 630, including the
phase conversion layer 620 and the linear polarization layer
640, reduces reflectivity of external light to increase visibility.
When external non-polarized light is incident, the external
light 1s changed to a linear polarization light by passing
through the linear polarization layer 640, and is circularly
polarized by the phase conversion layer 620. The circularly
polarized light passes through the substrate 510, the high
refractive index pattern layer 520, and the low refractive
index pattern layer 420, and is then reflected at an interface of
an organic light-emitting panel (not shown) to be changed to
a circular-polarization light having an opposite rotational
direction. In addition, the circular-polarization light is
changed to a linear-polarization light having a transmittance
axis that is vertical to the axis of the linear polarization layer
640 by passing through the phase conversion layer 620, and is
thus not output to the outside.

[0094] Referring to FIG. 5C, an optical film 4 includes a
transmittance adjusting layer 670 that is formed between the
substrate 510 and the anti-reflection layer 690, according to at
least one example embodiment.

[0095] The transmittance adjusting layer 670 may be a film
formed by dispersing, as a light-absorbing black material, a
black dye, a pigment, carbon black, or a bridging particle (of
which a surface is coated with at least one of the above
materials) onto a polymer resin. The polymer resin may be an
acryl-based UV hardening resin in addition to a binder such as
poly(methyl methacrylate) (PMMA), but is not limited
thereto. Also, a thickness of the transmittance adjusting layer
670 or a content of black materials contained in the polymer
resin may be appropriately determined depending on optical
properties of the black materials. A transmittance of the trans-
mittance adjusting layer 670 may be 40% or more, which is
slightly higher than a transmittance of the circular polariza-
tion film. The transmittance adjusting layer 670 reduces a
disadvantage of having the circular polarization film com-
pletely blocking external light while having a low transmit-
tance.

[0096] FIGS. 6A to 6B describe amethod of manufacturing
an organic light-emitting display apparatus according to an
example embodiment.

[0097] As illustrated in FIG. 6A, an organic light-emitting
panel 20 is prepared, according to at least one example
embodiment. The organic light-emitting panel 20 includes a
plurality of organic emission layers 24, each of which emits
light of different wavelengths and has a micro-cavity struc-
ture causing a resonance phenomenon for light having a cor-
responding wavelength, and a sealing layer 29 that covers the
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organic emission layers 24. Here, the organic emission layers
24 and the sealing layer 29 are formed on the substrate 21.

[0098] A driving circuit unit 22 for controlling an amount
of current supplied to the organic emission layers 24 is dis-
posed on the substrate 21.

[0099] Each of the organic emission layers 24 may include
a hole injection layer (HIL), a hole transport layer (HTL), an
electron transport layer (ETL), and an electron injection layer
(FIL), which are sequentially stacked in a direction from an
anode 23 to a cathode 25. When a forward voltage is applied
between the anode 23 and the cathode 25, electrons move
from the cathode 25 to the corresponding or adjacent organic
emission layer 24 through the EIL and the ETL, and holes
move from the anode 23 to the corresponding organic emis-
sion layer 24 through the HIL and the HTL. The holes and
electrons injected into the corresponding organic emission
layer 24 are recombined in the corresponding organic emis-
sion layer 24 to generate excitons, and the excitons are shifted
from an excited state to a ground state, and thus, light is
emitted. Here, a brightness of the emitted light is proportional
to an amount of current flowing between the anode 23 and the
cathode 25.

[0100] Each of the organic emission layers 24 has a micro-
cavity structure, and thus light emitted from the organic emis-
sion layer 24 and having a certain wavelength resonates to
increase the intensity of light, and is output to the outside. To
this end, a distance between the anode 23 and the cathode 25
is designed to match a representative wavelength of each of
red (R), green (G), and blue (B), and to be different for each
pixel.

[0101] Since a function of the organic emission layers 24 is
damaged when an organic material forming the organic emis-
sion layers 24 contacts air, the sealing layer 29 is formed to
prevent such contact and to protect the organic emission
layers 24. The sealing layer 29 may be formed of the same
material as the material of the low refractive index pattern
layer 420 included in the optical film.

[0102] Asillustrated in FIG. 6B, the optical film 1 is bonded
to the organic light-emitting panel 20, according to at least
one example embodiment. To this end, an adhesive material
may be used, and a hardening process that irradiates UV may
be performed. The adhesive material uses a material that has
arefractive index matching the refractive index of each of the
low refractive index pattern layer 420 and the sealing layer 29.
[0103] In an organic light-emitting display apparatus 700
manufactured by using the above-described example method,
color shift due to a change in viewing angle is reduced by
using a micro-lens array pattern formed by an interface
between the high refractive index pattern layer 520 and the
low refractive index pattern layer 420. However, an image
may be distorted (blurred) by the micro-lens array pattern. In
order to reduce the distortion of the image, a distance between
the micro-lens array pattern and each of the organic emission
layers is reduced, and may be set to about 1.5 mm or less. The
organic light-emitting display apparatus 700 according to an
example embodiment may have a structure in which the high
refractive index pattern layer 520 and the low refractive index
pattern layer 420 are formed inside the substrate 510, thereby
minimizing a distance between each of the organic emission
layers 24 and the micro-lens array pattern.

[0104] The optical film 1 of FIG. 4G is illustrated as being
bonded to the organic light-emitting panel 20. However, the
optical films 2 to 4 of FIGS. 5A to 5C may also be applied.
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[0105] FIGS.7A to 7E describe a method of manufacturing
an organic light-emitting display apparatus according to a
comparative example.

[0106] Referring to FIG. 7A, aliquid polymer layer 522 is
formed on the substrate 510, and a mold M (in which a pattern
to be transferred to the polymer layer 522 is embossed) is
imprinted on the polymer layer 522.

[0107] By hardening the liquid polymer layer 522 through
UV irradiation along with a pressurization process, as illus-
trated in FIG. 7A, the high refractive index pattern layer 520,
in which the shape of the mold M is engraved by an imprint
process, is formed. Subsequently, the mold M is separated
from the high refractive index pattern layer 520. In such a
release process, various defects typically occur. In order to
facilitate the release process, a method may be used in which
surface energy of the mold M is lowered, and an adhesive
force between the mold M and the high refractive index
pattern layer 520 is reduced. The method reduces a plug
defect which occurs in the release process, namely. by pre-
venting a portion of a pattern from being separated. To this
end, a self-assembled monolayer may be coated to have a
functional group having low surface energy, in which case a
time taken to fill a polymer material into the pattern of the
mold M increases to cause a non-fill defect.

[0108] Subsequently. referring to FIGS. 7C and 7D, a low
refractive index material layer 31 is formed on the organic
light-emitting panel 20, and the high refractive index pattern
layer 520 is imprinted thereon. The low refractive index mate-
rial layer 31 is illustrated as being separated from the sealing
layer 29. However, the high refractive index pattern layer 520
is imprinted on the sealing layer 29, and thus, a portion of the
sealing layer 29 may become a low refractive index material
layer that is a portion of the optical film.

[0109] When the high refractive index pattern layer 520
pressurizes the low refractive index material layer 31, and
materials forming the low refractive index material layer 31
are filled into a pattern of the high refractive index pattern
layer 520 as a result, a void V may be formed due to the
viscosity and surface energy of the pattern of the high refrac-
tive index pattern layer 520. Outgassing occurring in the void
V affects a service life of an OLED, and the void V is reduced
by a post-curing process described above with reference to
FIG. 4G.

[0110] In a manufacturing method according to the com-
parative example, there is a high possibility that a plug defect
occurs in the process of FIG. 7B, and a void defect occurs in
the process of FIG. 7D. However, the manufacturing method
according to an example embodiment does not perform the
processes of FIGS. 7B and 7D, thereby preventing defects
from occurring.

[0111] FIG. 8 describes a method of manufacturing an
organic light-emitting display apparatus according to at least
one example embodiment.

[0112] The low refractive index pattern layer 420 may be
formed by using the master 350 that is formed via the pro-
cesses of FIGS. 3A to 31, and the high refractive index mate-
rial layer 521 may be coated on the substrate 510. The low
refractive index patternlayer 420 may then be disposed on the
high refractive index material layer 521, and pressurized, and
a series of processes of forming the high refractive index
pattern layer 520 may be continuously, repeatedly performed
according to a roll printing process.
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[0113] Ttis illustrated that UV is irradiated in a hardening
process, but this is merely an example. A heat-hardening
process may be selected, or may be performed along with the
hardening process.
[0114] By performing such a process, the repeated mass
production of the optical film 1 is achieved. An organic light-
emitting apparatus may be manufactured by a simple process
that bonds the manufactured optical film 1 to the organic
light-emitting panel 20.
[0115] Hereinabove, the micro-lens array pattern is merely
an example, and various shapes may be applied in consider-
ation of the reduction effect of color shift. Also, a pattern
shapeoranarrangement period of a position corresponding to
each pixel may be differently designed.
[0116] The above-described optical film manufacturing
method forms the micro-lens array pattern on the interface
between the low refractive index pattern layer and the high
refractive index pattern layer, and the low refractive index
pattern layer is used as the imprinting mold for forming the
high refractive index pattern layer. Therefore, the release
process that separates the imprinting mold from the high
refractive index pattern layer may not be performed, and thus,
the micro-lens array pattern with reduced defects may be
formed.
[0117] As described above, according to one or more of the
example embodiments, the optical film manufactured by the
above-described example method is bonded to the organic
light-emitting panel by using a simple method.
[0118] In the above-described organic light-emitting dis-
play apparatus, the organic emission layer is formed to have
the micro-cavity structure with enhanced color purity, and
thus, color shift caused by a changing viewing angle is
reduced, thereby providing a high-quality image. Also, by
providing a structure in which the optical film for reducing
color shift is disposed in the substrate, the distance between
the organic emission layer and the optical film is minimized,
and thus, image blurring caused by the optical film is mini-
mized.
[0119] It should be understood that the example embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or example embodiments should typically be consid-
ered as available for other similar features in other embodi-
ments.
[0120] Whileone or more example embodiments have been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing from
the spirit and scope of the example embodiments as defined
by the following claims.
What is claimed is:
1. An optical film manufacturing method comprising:
forming a master in which a shape corresponding to a
plurality of projected micro-lens patterns is formed;
forming a low refractive index pattern layer in which the
plurality of micro-lens patterns are formed via the mas-
ter; and
forming a high refractive index material layer that has a
higher refractive index than a refractive index of the low
refractive index pattern layer, and imprinting the low
refractive index pattern layer on the high refractive index
material layer to form a high refractive index pattern
layer, on a first surface of a substrate.
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2. The optical film manufacturing method of claim 1,
wherein after the imprinting, a release process that separates
the low refractive index pattern layer from the high refractive
index pattern layer is not performed.

3. The optical film manufacturing method of claim 1,
wherein the forming of the low refractive index pattern layer
comprises:

forming a low refractive index material layer on a base

film;

disposing the master on the low refractive index material

layer;

applying pressure on the master and hardening the master

to form the low refractive index pattern layer; and
separating the master from the low refractive index pattern
layer.

4. The optical film manufacturing method of claim 3, fur-
ther comprising separating the base film from the low refrac-
tive index pattern layer after the high refractive index pattern
layer is formed.

5. The optical film manufacturing method of claim 1,
wherein the forming of the master comprises:

forming a plurality of sub-molds that are each formed of a

resin material and that have a same shape as a shape ofa
portion of the master;

adding the plurality of sub molds together to form a large-

area mold; and

duplicating the large-area mold to form a shape of the

large-area mold by using a metallic material.

6. The optical film manufacturing method of claim 5,
wherein the forming of the plurality of sub molds comprises:

forming a metal mold in which a shape corresponding to

the sub-mold is embossed;

imprinting the shape of the metal mold on a first polymer

material;

separating the metal mold from the first polymer material

to form one sub-mold; and

repeating the imprinting for a second polymer material.

7. The optical film manufacturing method of claim 6,
wherein the forming of the metal mold comprises:

forming a silicon master in which the plurality of micro-

lens patterns are embossed; and

duplicating the silicon master to form a metal master hav-

ing a same shape as a shape of the silicon master.

8. The optical film manufacturing method of claim 7,
wherein the forming of the silicon master comprises using an
electron beam lithography method or a laser interference
lithography method.

9. The optical film manufacturing method of claim 7,
wherein the duplicating of the silicon master comprises:

forming a soluble polymer layer on a base film;

disposing the silicon master on the soluble polymer layer;

applying pressure on the silicon master and hardening the
silicon master to form a pattern polymer layer;

separating the silicon master from the pattern polymer
layer;

coating a metal material on the pattern polymer layer

hardening the metal material; and

dissolving the pattern polymer layer.

10. The optical film manufacturing method of claim 9,
wherein the soluble polymer layer includes polyvinylalcohol.

11. The optical film manufacturing method of claim 5,
wherein duplicating the large-area mold comprises:

forming a soluble polymer layer on a base film;
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disposing the large-area mold on the soluble polymer

layer;

applying pressure on the large-area mold and hardening the

large-area mold to form a pattern polymer layer;
separating the pattern polymer layer from the large-area
mold;

coating a metal material on the pattern polymer layer

hardening the metal material; and

dissolving the pattern polymer layer.

12. The optical film manufacturing method of claim 11,
wherein the soluble polymer layer includes polyvinylalcohol.

13. The optical film manufacturing method of claim 1,
wherein the forming of the low refractive index pattern layer
and the forming of the high refractive index pattern layer
comprise a roll printing process.

14. The optical film manufacturing method of claim 1,
further comprising forming an anti-reflection layer on a sec-
ond surface of the substrate facing the first surface.

15. The optical film manufacturing method of claim 14,
further comprising forming a circular polarization film that
includes a phase conversion layer and a linear polarization
layer on the second surface before forming the anti-reflection
layer.

16. The optical film manufacturing method of claim 14,
further comprising forming a transmittance adjusting layer on
the second surface before forming the anti-reflection layer.

17. A method of manufacturing an organic light-emitting
display apparatus comprising:

preparing an organic light-emitting panel, the organic

light-emitting panel including a plurality of organic
emission layers, each of which emitting light at different
wavelengths and having a micro-cavity structure caus-
ing a resonance phenomenon with respect to light hav-
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ing a corresponding wavelength, and a sealing layer
covering the plurality of organic emission layers;

manufacturing an optical film according to the method of
claim 1; and

bonding the optical film to the organic light-emitting panel.

18. The method of claim 17, wherein the sealing layer and

the low refractive index pattern layer are formed of a same
material.

19. An organic light-emitting display apparatus compris-

ing:

a first substrate;

a plurality of organic emission layers on the first substrate,
each of which emitting light at different wavelengths
and having a micro-cavity structure causing a resonance
phenomenon with respect to light having a correspond-
ing wavelength;

a sealing layer covering the plurality of organic emission
layers;

alow refractive index pattern layer on the sealing layer, and
in which a plurality of micro-lens patterns are embossed;

a high refractive index pattern layer on the low refractive
index pattern layer, the high refractive index pattern
layer having a higher refractive index than a refractive
index of the low refractive index pattern layer, and in
which a shape corresponding to the plurality of micro-
lens pattern is engraved; and

a second substrate formed on the high refractive index
pattern layer.

20. The organic light-emitting display apparatus of claim

19, wherein the sealing layer and the low refractive index
pattern layer are formed of a same material.
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