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(57) ABSTRACT

Disclosed are polymers, optical films, organic electrolumi-
nescent devices, and methods of manufacturing the optical
film. The polymer and the optical film according to the inven-
tive concept may include a high refractive material chemi-
cally combined with a polymer matrix and a low refractive
material chemically combined with the polymer matrix. The
low refractive material has a lower refractive index than the
high refractive material. Thus, the polymer and the optical
film may function as a light scattering layer including the low
and high refractive materials chemically combined with the
polymer matrix, or a light scattering layer including a high
refractive film and low refractive particles dispersed within
the high refractive film.
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aliphatic or an aromatic. For example, the polymer matrix 110
may consist of polyamic acid being a precursor of polyimide.
The polyimide may be a high heat resistant engineering plas-
tic which is manufactured using the polyamic acid formed by
reaction of diamine with dianhydride.

[0032] The optical film according to the inventive concept
includes the polymer matrix 110, the high refractive material
X, and the low refractive material y. External light may be
easily inputted into the optical film by the high refractive
material x and the inputted light may be scattered by the low
refractive material y.

[0033] For maximizing the above effects, the optical film
may be stacked on an organic electroluminescent device and
then the low refractive material y may be separated from the
polymer matrix 110. At this time, only the low refractive
material y may be separated from the polymer matrix 110 by
one thermal treating process or one chemical reaction. The
high refractive material x maintains the combined state with
the polymer matrix 110, so that the optical film may entirely
have a high refractive index and light scattering particles of
the low refractive material y may be formed in the optical
film. As a result, it is possible to form a light scattering layer
capable of improving the light extraction efficiency of the
organic electroluminescent device.

[0034] Th achieve this, the high refractive material x may
be chemically connected to a diamine part 111 in the
polyamic acid corresponding to the precursor of polyimide,
and the low refractive material y may be chemically con-
nected to a carboxylic acid of a dianhydride part 113 in the
polyamic acid. The polyamic acid may be esterified by the
chemical combination of the low refractive material y. The
esterified low refractive material y chemically combined with
carboxylic acid may break away at a high temperature, so that
the polyamic ester may be converted into polyimide. The high
refractive material X is stably chemically combined with the
diamine during the process converting the polyamic ester into
the polyimide, thereby forming a composite material includ-
ing the polyimide having a high refractive index and the light
scattering particles dispersed in the polyimide. The light scat-
tering particles have a low refractive index. In this case, it is
possible to obtain the high refractive optical film including
the light scattering particles formed of the low refractive
material by one thermal treating process or one chemical
reaction. The high refractive optical film including the light
scattering particles may function as a light scattering layer in
the organic electroluminescent device.

[0035] Inthelight extraction of the organic electrolumines-
cent device, an internal light extraction may mean a technique
extracting light isolated in an organic light emitting/an anode
by difference between refractive indexes of the anode and a
substrate to the outside of the organic electroluminescent
device, and an external light extraction may mean a technique
extracting light isolated in the substrate to the outside (air) of
the organic electroluminescent device.

[0036] The light scattering layer according to the inventive
concept may be applied to the internal light extraction and the
external light extraction.

[0037] Since the light scattering layer does not cause color
variation by a view angle and the light scattering layer may
basically realize Lambertian light distribution, brightness of a
panel may be substantially uniform. Additionally, for forming
the light scattering layer, particles having an refractive index
greatly different from that of the polymer matrix 110 may be
dispersed in the polymer matrix 110 and then the polymer
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matrix 110 including the particles may be deposited on a glass
substrate. Thus, the forming process of the light scattering
layer may be relatively simplified. Thus, the light scattering
layer may increase the light extraction efficiency, decrease the
color variation by the view angle, and realize light distribu-
tion closer to the Lambertian light distribution. However, the
number of scattering centers should sufficiently increase for
increasing the light scattering effect, but back scattering
effect may increase by increasing the number of the scattering
centers. Thus, the increase of the scattering centers may
increase a probability that the scattering light is reabsorbed in
the organic light emitting layer. Additionally, the light may
also be absorbed in the light scattering layer, so that the light
extraction efficiency may be reduced. Thus, it is preferable
that an absorption coefficient of the light scattering layer with
respect to a visible ray is small for applying the light scatter-
ing layer to the internal light extraction structure.

[0038] As described above, the difference between the
refractive indexes of the matrix and the light scattering par-
ticle should be great, and the absorption coefficient of the
light scattering layer should be small. The polymer and/or the
optical film according to the inventive concept may satisfy the
above conditions.

[0039] The high refractive material x may include at least
one of TiO,, ZrO,, ZnO, Sn0,, In,0;, and In,0;—Sn0O,. If
the optical film according to the inventive concept is applied
to the organic electroluminescent device such as an organic
light emitting diode (OLED), the refractive index of the high
refractive material x may be greater than that of the organic
light emitting layer in order that guided mode light does not
occur when the light is transmitted from a material having a
low refractive index to a material having a high refractive
index.

[0040] If the refractive index of the organic light emitting
layer is within a range of about 1.6 to about 1.9, the refractive
index of the high refractive material x may be equal to or
greater than about 1.9. If the optical film is coated stacked on
the anode disposed under the organic light emitting layer and
a refractive index of the anode is within a range of about 1.9
to about 2.0, the refractive index of the high refractive mate-
rial X may be equal to or greater than about 2.0. However,
through an experiment, it was confirmed that the guided mode
light was not generated even if the refractive material x had
the refractive index of about 1.8 or more. It is presumed that
this is because the light scattering effect also occurs at a
non-flat interface caused by a non-flat surface of the organic
light emitting layer or a non-flat surface of the anode. A
refractive index of a material satisfying the above refractive
index condition and having a transmittance needed by the
organic electroluminescent device may hardly exceed about
2.5. As a result, the refractive index of the high refractive
material X may have a range of about 1.8 to about 2.5.
[0041] The high refractive material x may include at least
one of other materials satisfying the above refraction conduc-
tion and the transmittance needed by the organic electrolumi-
nescent device except TiO,, ZrO,, ZnO, SnO,, In,0,, and
In,0,—8Sn0O,.

[0042] The low refractive material y may include SiO,. The
low refractive material y may be formed into the scattering
particles for scattering the light inputted into the optical film.
The scattering particles should have the refractive index
smaller than that of a material (i.e., the polymer matrix 110)
surrounding the scattering particles. The scattering particles
may be combined with the polymer matrix 110. However, itis
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preferable that the scattering particles break away from the
polymer matrix 110. The low refractive material y detached
from the polymer matrix 110 may have random sizes and be
randomly mixed with the polymer matrix in the film. Thus,
the polymer according to the inventive concept may be more
suitable to the function of the light scattering layer.

[0043] The low refractive material y may break away from
the polymer matrix 110 at a temperature lower than a tem-
perature at which the high refractive material x may break
away from the polymer material 110. To achieve this, the low
refractive material y may be chemically combined with the
carboxylic acid of the dianhydride to be esterified if the poly-
mer matrix 110 is the polyamic acid being the precursor of the
polyimide, such that the esterified low refractive material y
may break away from the basic film (i.e., the polymer matrix
110) through a thermal or chemical imidization reaction.
[0044] Each of the polymer and the optical film described
above includes all of the low and high refractive materials y
and x, and the low refractive material y may have the combi-
nation structure capable of easily breaking away from the
polymer matrix 110.

[0045] The polymer and the optical film have a structure
expressed by the following chemical formula 1. Here, “n” has
a range of 1 to 1000.

[Chemical formula 1]

[0046] wherein, “X” denotes the high refractive material;
and

[0047] <“y” denotes the low refractive material having a
lower refractive index than the high refractive material.
[0048] According to the chemical formula 1, the low refrac-
tive index y may break away from the polymer matrix at the
temperature lower than the temperature at which the high
refractive material x may break away from the polymer mate-
rial.

[0049] The high refractive material x may include an inor-
ganic metal oxide transformed from a compound having a
structure expressed by the following chemical formula 2.

[Chemical formula 2]

[0050] wherein, “A” denotes an alkoxide group capable of
being transformed into a hydroxide group by water; and
[0051] “M” includes one of Ti, Zr, Zn, Sn, and In.

[0052] The M may include one of other inorganic metal
elements except Ti, Zr, Zn, Sn, and In described above. The
other inorganic metal elements may be transformed into inor-
ganic metal oxides having the high refractive index.

Jul. 18,2013

[0053] The low refractive material y may include an inor-
ganic metal oxide transformed from a compound having a
structure expressed by the following chemical formula 3.

[Chemical formula 3]

[0054] wherein, “A” denotes a alkoxide group capable of
being transformed into a hydroxide group by water; and
[0055] “M"™ denotes Si.

[0056] The M' may include one of other inorganic metal
elements except Si. The other inorganic metal elements may
be transformed into inorganic metal oxides having the low
refractive index.

[0057] FIG. 3 is a schematic view illustrating a molecular
structure of a polymer and an optical film including the same
according to some embodiments of the inventive concept.
Here, “n” has a range of 1 to 1000.

[0058] Referringto FIG. 3, a material including TiO, as the
high refractive material is chemically combined with the
diamine part in the polyamic acid being the precursor of
polyimide, and a material including SiO, as the low refractive
material is chemically combined with the carboxylic acid of
the dianhydride part in the polyamic acid.

[0059] An optical film having the molecular structure of
FIG. 3 includes the high refractive material and the low
refractive material therein, so as to perform the function of the
light scattering layer. Additionally, the optical film has a
structure capable of easily separating SiO, from a basic mate-
rial by a thermal treating process. The separated SiO, has a
random size and is randomly disposed in the film, so that the
optical film may function as the light scattering layer with
reliability.

[0060] After the optical film of FIG. 3 may be thermally
treated, a molecular structure of the thermally treated the
optical film is illustrated in FIG. 4. Here, “n” has a range of 1
to 1000. Si0, particles formed of the material including SiO,
being the low refractive material naturally break away from
the basic film by the thermal treatment for transforming the
polyamic ester into the polyimide.

[0061] An example of organic electroluminescent devices
including the optical film described above is illustrated in
FIG. 5.

[0062] FIG. 5 is a schematic view illustrating an organic
electroluminescent device according to embodiments of the
inventive concept.

[0063] The organic electroluminescent device illustrated in
FIG. 5 includes an organic light emitting layer 230 and a film
layer 250 for increasing the light extraction efficiency of light
generated from the organic light emitting layer 230.

[0064] FIG. 5 shows the organic electroluminescent device
including a substrate 210, the film layer 250, an anode 220,
the organic light emitting layer 230, and a cathode 240 which
are sequentially stacked, as an example.

[0065] The substrate 210 may provide a physical hardness
of the organic electroluminescent device and function as a
transparent window. The substrate 210 may be formed of
glass or plastic having a property transmitting light. The
plastic may include at least one of polyethylene terephthalate
(PET), polycarbonate (PC), polyethersulfone (PES), and
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polyimide (PI). In other embodiments, the substrate 210 may
be omitted, and the film layer 250 may function as the sub-
strate 210.

[0066] The anode 220 may be a transparent electrode
formed of indium-Tin-oxide (ITO).

[0067] Thecathode 240 may be formed of a metal thin layer
and reflect the light generated from the organic light emitting
layer 230 toward the substrate 210.

[0068] The organic light emitting layer 230 including an
organic material may be an element generating the light by a
power applied to the anode 220 and the cathode 240. For
example, when an electric field is applied between the anode
220 and the cathode 240, electrons and holes are recombined
with each other to output energy and to generate light of a
specific wavelength. In some embodiments, the anode 220, a
hole injecting layer, a hole transport layer, a light emitting
layer, an electron transport layer, an electron injecting layer,
and the cathode 240 may be sequentially stacked on the
substrate 210. Here, the hole injecting layer, the hole transport
layer, the light emitting layer, the electron transport layer, and
the electron injecting layer between the anode 220 and the
cathode 240 may be defined as the organic light emitting layer
230.

[0069] The film layer 250 is disposed between the substrate
210 and the anode 220 to improve the internal light extraction
efficiency of the light emitted from the organic light emitting
layer 230. In other embodiments, the film layer 250 may be
coated on a bottom surface of the substrate 210 of FIG. 5 for
improving the external light extraction efficiency of the
organic electroluminescent device.

[0070] A visible ray-refractive index of the organic light
emitting layer 230 may be varied depending on a wavelength
of light and may have a range of about 1.6 to 1.9. Since the
ITO used of the anode 220 has a refractive index within a
range of about 1.9 to 2.0, the generated light may be trans-
mitted from the medium (i.e., the organic light emitting layer
230) having a low refractive index to the medium (i.e., the
anode 220) having a high refractive index, so that the total-
reflection may hardly occur at the interface between the
organic light emitting layer 230 and the anode 220. However,
if the glass or plastic generally used in the substrate 210 has a
refractive index of about 1.5 and each of the organic light
emitting layer 230 and the anode 220 has a thin thickness
within a range of 100 nm to 400 nm, the light generated from
the organic light emitting layer 230 may be mostly converted
into the guided mode light not to be outputted to the outside of
the organic electroluminescent device. For preventing this
phenomenon, the film layer 250 having the function of the
light scattering layer is disposed between the substrate 210
and the anode 220.

[0071] The film layer 250 has a refractive index equal to or
greater than that of the organic light emitting layer 230 by the
high refractive material chemically combined with the poly-
mer matrix. Additionally, the film layer 250 includes the low
refractive material chemically combined with the polymer
matrix and having the lower refractive index than the high
refractive material. The film layer 250 may be the optical film
described above.

[0072] Since the high refractive material of the film layer
250 has the refractive index equal to or greater than that of the
organic light emitting layer 230 and is chemically combined
with a film base (e.g., the polymer matrix), the light emitted
from the organic light emitting layer 230 may be effectively
inputted into the film layer 250.
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[0073] Thelight inputted into the film layer 250 is scattered
by the low refractive material having the lower refractive
index than the high refractive material to minimize the guided
mode light caused at the film layer 250 and the substrate 210.
[0074] As a result, the light extraction efficiency of the
organic electroluminescent device may be improved. Addi-
tionally, for more improving the light extraction efficiency,
the low refractive material may be separated from the poly-
mer matrix of the film layer 250. For example, the low refrac-
tive material of the film layer 250 may be separated from the
polymer matrix by the thermal treating process. The high
refractive material may not be separated from the polymer
matrix during the thermal treating process. In this case, the
film layer 250 may include a high refractive matrix 251 (i.e.,
the polymer matrix including the high refractive material) and
low refractive particles 253 dispersed within the high refrac-
tive matrix 251. For example, if the polymer matrix is
polyamic acid being the precursor of polyimide, the high
refractive material may be chemically combined with the
diamine of the polyamic acid and the low refractive material
may be chemically combined with the carboxylic acid of the
dianhydride in the polyamic acid. During the thermal treating
process, polyamic ester may be converted into polyimide and
only the low refractive material may be separated from the
polymer matrix. The combining state of the high refractive
material may maintain in the polyimide. To achieve this, a
process temperature of the thermal treating process may be
equal to or greater than the temperature at which the low
refractive material is separated from the polymer matrix and
be less than the temperature at which the high refractive
material is separated from the polymer matrix.

[0075] According to the organic electroluminescent device
of the inventive concept, the film layer may be deposited on
the substrate and then one thermal treating process may be
performed on the deposited film layer to form the light scat-
tering layer. Thus, it is possible to simplify a method of
manufacturing the organic electroluminescent device. Addi-
tionally, the high and low refractive materials are chemically
combined with the polymer matrix (not physical combina-
tion). Thus, the film layer 250 may be easily treated, and the
high and low refractive materials may be uniformly distrib-
uted throughout the film layer 250 by the chemical combina-
tion properties.

[0076] As described above, the high refractive material
may be chemically combined with the diamine part of the
polyamic acid and the low refractive material may be chemi-
cally combined with the carboxylic acid of the dianhydride
partin the polyamic acid, so that the optical film may be easily
manufactured.

[0077] FIGS. 6A to 6B are schematic views illustrating a
method of manufacturing a polymer for an optical film
according to embodiments of the inventive concept.

[0078] Firstly, referring to FIG. 6A, the high refractive
material is chemically combined with the diamine. Thus, it is
possible to generate diamine monomers with which the high
refractive material including TiO, is combined. Here, “m” is
a real number greater than 0.

[0079] Next, referring to FIG. 6B, the diamine monomers
are polymerized with dianhydride to form polyamic acid.
Here, “n” has a range of 1 to 1000.

[0080] Referring to FIG. 6C, the low refractive material
having the lower refractive index than the high refractive
material may be chemically combined with the carboxylic
acid of the dianhydride in the polyamic acid, thereby forming



US 2013/0181198 Al

the polymer for the optical film. The low refractive material
may include SiO,. Synthesis of the polymer may be per-
formed in a solvent including at least one of N, N-dimethyl
acetamide (DMAc), N, N-dimethyl formamide (DMF),
N-methyl pyrrolidine (NMP), cyclopentanone, cyclohex-
anone, and y-butyrolactone. The polymer solution may filter
and then spin-coated. The solvent in the spin-coated polymer
solution may be removed to form the optical film. The sepa-
ration of the low refractive material may be performed at a
temperature of about 200° C. or more, and the separation of
the high refractive material may be performed at a tempera-
ture of about 400° C. or more. Thus, the removal of the solvent
and the separation of the low refractive material may be
performed at a temperature within a range of about 200° C. to
about 400° C. in a substantially vacuum or in atmospheric
pressure.

[0081] As described above, the optical film formed of the
polymer of the inventive concept includes the high refractive
material having the refractive index equal to or greater than
that of the organic light emitting layer. Thus, the guided mode
light may be minimized. Additionally, the optical film further
includes the low refractive material, so that it may function as
the light scattering layer.

[0082] Furthermore, the low refractive material may be
dispersed in the high refractive film by one thermal treating
process in the process of manufacturing the optical film.
Thus, light input efficiency and the light scattering efficiency
may be improved and the manufacturing process of the opti-
cal film may be simplified.

[0083] While the inventive concept has been described with
reference to example embodiments, it will be apparent to
those skilled in the art that various changes and modifications
may be made without departing from the spirit and scope of
the inventive concept. Therefore, it should be understood that
the above embodiments are not limiting, but illustrative.
Thus, the scope of the inventive concept is to be determined
by the broadest permissible interpretation of the following
claims and their equivalents, and shall not be restricted or
limited by the foregoing description.

What is claimed is:

1. A polymer comprising:

a polymer matrix;

a high refractive material chemically combined with the
polymer matrix; and

a low refractive material chemically combined with the

polymer matrix and having a lower refractive index than
the high refractive material,

wherein all of the low and high refractive materials are

chemically combined with the polymer matrix.

2. An optical film comprising:

a polymer matrix;

a high refractive material chemically combined with the

polymer matrix; and

a low refractive material chemically combined with the

polymer matrix and having a lower refractive index than
the high refractive material,

wherein all of the low and high refractive materials are

chemically combined with the polymer matrix.

3. The optical film of claim 2, wherein the low refractive
material is separated from the polymer matrix at a tempera-
ture lower than a temperature at which the high refractive
material is separated from the polymer matrix.
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4. The optical film of claim 2, wherein the high refractive
material includes at least one of TiO,, ZrO,, ZnO, SnO,,
In,0;, and In,0;—Sn0O,.

5. The optical film of claim 2, wherein the low refractive
material includes SiO,.

6. The optical film of claim 2, wherein the polymer matrix
includes polyamic acid.

7. The optical film of claim 6, wherein the high refractive
material is chemically combined with diamine of the
polyamic acid being a precursor of polyimide; and

wherein the low refractive material is chemically com-

bined with carboxylic acid of dianhydride in the
polyamic acid.

8. An optical film including a material expressed as chemi-
cal formula 1,

chemical formula :

wherein “x” denotes a high refractive material, “y” denotes
a low refractive material having a lower refractive index
than the high refractive material, and “n” has a range of
1 to 1000.

9. The optical film of claim 8, wherein a separating tem-
perature of the x is lower than a separating temperature of the
y.

10. The optical film of claim 8, wherein the x has an
inorganic metal oxide transformed from a compound having
a structure expressed as chemical formula 2;

chemical formula 2:

wherein “A” denotes an alkoxide group capable of being
transformed into a hydroxide group by water; and
wherein “M” includes one of Ti, Zr, Zn, Sn, and In.
11. The optical film of claim 8, wherein the y has an
inorganic metal oxide transformed from a compound having
a structure expressed as chemical formula 3;

chemical formula 3:

A—M—A
A

wherein “A” denotes an alkoxide group capable of being
transformed into a hydroxide group by water; and
wherein “M" is Si.
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12. An organic electroluminescent device comprising:

an organic light emitting layer; and

a film layer increasing light extraction efficiency of light
emitted from the organic light emitting layer,

wherein the film layer includes a high refractive material
and a low refractive material;

wherein the high refractive material is chemically com-
bined with a polymer matrix and has a refractive index
equal to or greater than a refractive index of the organic
light emitting layer; and

wherein the low refractive material is chemically com-
bined with the polymer matrix and has a refractive index
lower than the refractive index of the high refractive
material.

13. The organic electroluminescent device of claim 12,
wherein the low refractive material of the film layer is sepa-
rated from the polymer matrix by a thermal treating process
performed after coating the film layer.
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14. A method of manufacturing an optical film, compris-
ing:
chemically combining a high refractive material with
diamine in polyamic acid being a precursor of polyim-
ide; and
chemically combining a low refractive material having a
lower refractive index than the high refractive material
with carboxylic acid of dianhydride in the polyamic
acid.
15. A method of manufacturing an optical film, compris-
ing:
chemically combining a high refractive material with
diamine;
reacting the diamine with dianhydride to form a polymer;
and
chemically combining a low refractive material having a
lower refractive index than the high refractive material
with carboxylic acid of a dianhydride part of polyamic
acid being the polymer.

* #* # ok %
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POLYMERS, OPTICAL FILMS, ORGANIC
ELECTROLUMINESCENT DEVICES, AND
METHODS OF MANUFACTURING THE
OPTICAL FILM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This U.S. non-provisional patent application claims
priority under 35 U.S.C. §119 to Korean Patent Application
No. 10-2012-0005621, filed on Jan. 18, 2012, the entirety of
which is incorporated by reference herein.

BACKGROUND

[0002] The inventive concept relates to polymers, optical
films, organic electroluminescent devices, and methods of
manufacturing the optical film and, more particularly, to
polymers capable of improving light extraction efficiency,
optical films including the same, organic electroluminescent
devices applied with the same, and methods of manufacturing
the optical film.

[0003] An organic light emitting diode being an example of
organic electroluminescent devices may include an anode, a
cathode, and an organic light emitting layer disposed between
the anode and the cathode. Holes supplied from the anode
may be combined with electrons supplied from the cathode in
the organic light emitting layer to form excitons, and then the
excitons may be recombined to emit light. The organic light
emitting diode may be a self-illuminated device. The organic
light emitting diode has been developed to be applied to
display devices because of a wide viewing angle, high
response speed, and high color reproduction range thereof.
The organic light emitting diode may emit light having one of
ared (R) color, a green (G) color, and a blue (B) color or emit
light of a white color.

[0004] According to Thompson, an external energy effi-
ciency showing light emitting efficiency of the organic elec-
troluminescent device may be represented as a value obtained
by multiplying an internal energy efficiency of the device and
an light extraction efficiency, and light may be total-reflected
by an interface between layers of which refractive indexes are
different from each other and then be confined in each of the
layers, so that the external energy efficiency may be equal to
or less 20% (Optics Letters 22, 6,396, 1997). In other words,
the external energy efficiency does not exceed 20%. The light
confined and guided in each of the layers of the organic light
emitting diode is called ‘a guided mode light’. Light output-
ted to external air through the interface of the layers is called
‘an output mode light’. Light extraction means that the guided
mode light is converted into the output mode light outputted
outside in a plane light source device having a panel-shape.

[0005] For increasing the light extraction efficiency, an
refractive index of a layer relatively close to a light emitting
surface of the device may be equal to or higher than that of a
layer relatively far away from the light emitting surface. How-
ever, a transparent substrate (e.g., a glass substrate) used for
emitting light has a low refractive index of about 1.5, such that
various problems may occur.

[0006] FIG.1is a schematic view illustrating a stack struc-
ture of a general organic electroluminescent device. As illus-
trated in FIG. 1, an organic light emitting diode may include
a substrate 10, an anode 20 being a transparent electrode, an
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organic light emitting layer 30, a cathode 40 being a reflecting
electrode, and a passivation layer 50 which are sequentially
stacked.

[0007] Inthe general organic light emitting diode, a portion
of light generated from the organic light emitting layer 30,
which is outputted toward the cathode 40, may be mostly
reflected by the cathode 40 and then travel toward the anode
20. Thus, the generated light may be mostly outputted toward
the anode 20. Here, the substrate 10 may use the glass sub-
strate having a transparent property in the organic light emit-
ting diode having the anode 20 stacked on the substrate 10 for
emitting the light. When the light is outputted through the
organic light emitting layer 30, the anode 20, and the substrate
10 into air, reflected light i, reflected light ﬁ, and reflected
light3 may occur at an interface between the organic light
emitting layer 30 and the anode 20, an interface between the
anode 20 and the substrate 10, and an interface between the
substrate 10 and the air, respectively, by differences between
refractive indexes of the organic light emitting layer 30, the
anode 20, the substrate 10, and the air. Particularly, when
lights are incident from a medium having a high refractive
index on a medium having a low refractive index with an
angle equal to or greater than a critical angle with respect to a
vertical line (i.e., a normal line) to a top surface of the sub-
strate 10, the lights may be total-reflected and then be extinct
in the device by Snell’s law represented as the following
equation 1.

ny  sina,

ny  sinay

[Equation 1]

[0008] where, “n,” denotes an refractive index of a first
medium, “n,” denotes an refractive index of a second
medium, “a,” denotes an incidence angle with respect to the
normal line, and “a,” denotes an refraction angle with respect
to the normal line.

[0009] The light is incident from the first medium on the
second medium. A visible ray-refractive index of the organic
light emitting layer 30 may be varied depending on a wave-
length of light and may be within a range of 1.6 to 1.9.
Generally, a refractive index of indium-tin-oxide (ITO) used
as the anode is within a range of 1.9 to 2.0, such that the
total-reflection between the organic light emitting layer 30
and the anode 20 may hardly occur. However, the glass or
plastic transparent substrate 10 has the refractive index of
about 1.5, such that the light generated from the organic light
emitting layer 30 may be mostly converted into the guided
mode light and then may not be outputted outside if each of
the organic light emitting layer 30 and the anode 20 has a thin
thickness within a range of 100 nm to 400 nm. This is because
the light generated from the organic light emitting layer 30
may be mostly incident on the substrate 10 having the low
refractive index in a direction substantially parallel to the top
surface of the substrate 10. Thus, the amount of light 4 out-
putted from the glass substrate 10 may be about 20% of the
entire light generated from the organic light emitting layer 30.
[0010] As described in the equation 1, if the refractive
indexes of the mediums at both side of the interface are equal
to each other, the incidence angle is equal to the refraction
angle, so that the total reflection does not occur. In other
words, if the refractive indexes of the organic light emitting
layer 30 and the anode 20 are equal or similar to the refractive
index of the substrate 10, it is possible to minimize occur-
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rence of the guided mode by the total reflection at the inter-
face between the substrate 10 and the anode 20. Thus, the light
extraction efficiency and a power efficiency of the organic
light emitting diode may increase.

[0011] However, since the refractive index of the ITO gen-
erally used as the anode 20 is within the range of 1.9 to 2.0, it
is difficult to find a substrate-material having a refractive
index equal or similar to the anode 20. Additionally, since the
organic light emitting diode generally emits the light toward
the anode 20, the substrate-material should have a high trans-
mittance with respect to the visible ray region. Thus, it is
difficult to fine the transparent substrate-material having the
refractive index within the range of 1.9 to 2.0, a suitable
hardness for the substrate, and a suitable surface smoothness.
Even though the substrate-material satisfying the above prop-
erties exists, it is difficult to manufacture a thin, flat, and wide
substrate having a plate glass-shape with the substrate-mate-
rial.

[0012] Thus, light extraction structures, which are easily
manufactured with low manufacture costs, may be needed for
forming high efficiency organic electroluminescent devices
in quantity.

SUMMARY

[0013] Embodiments of the inventive concept may provide
polymers capable of improving light extraction efficiency,
optical films including the same, and organic electrolumines-
cent devices applied with the same.

[0014] In an aspect, a polymer may include: a polymer
matrix; a high refractive material chemically combined with
the polymer matrix; and a low refractive material chemically
combined with the polymer matrix and having a lower refrac-
tive index than the high refractive material. All of the low and
high refractive materials are chemically combined with the
polymer matrix.

[0015] In another aspect, an optical film may be formed of
the polymer.

[0016] In some embodiments, the low refractive material
may be separated from the polymer matrix at a temperature
lower than a temperature at which the high refractive material
is separated from the polymer matrix.

[0017] In still another aspect, an organic electrolumines-
cent device may include: an organic light emitting layer; and
a film layer increasing light extraction efficiency of light
emitted from the organic light emitting layer. The film layer
may include a high refractive material and a low refractive
material. The high refractive material may be chemically
combined with a polymer matrix and have a refractive index
equal to or greater than a refractive index of the organic light
emitting layer; and the low refractive material may be chemi-
cally combined with the polymer matrix and have a refractive
index lower than the refractive index of the high refractive
material.

[0018] Insomeembodiments, the low refractive material of
the film layer may be separated from the polymer matrix by a
thermal treating process performed after coating the film
layer.

[0019] In even another aspect, a method of manufacturing
an optical film may include: chemically combining a high
refractive material with diamine in polyamic acid being a
precursor of polyimide; and chemically combining a low
refractive material having a lower refractive index than the
high refractive material with carboxylic acid of dianhydride
in the polyamic acid.
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[0020] Inyetanother aspect, a method of manufacturing an
optical film may include: chemically combining a high
refractive material with diamine; reacting the diamine with
dianhydride to form a polymer; and chemically combining a
low refractive material having a lower refractive index than
the high refractive material with carboxylic acid of a dianhy-
dride part of polyamic acid being the polymer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Theinventive concept will become more apparent in
view of the attached drawings and accompanying detailed
description.

[0022] FIG.1is a schematic view illustrating a stack struc-
ture of a general organic electroluminescent device;

[0023] FIG. 2 is a schematic view illustrating a molecular
structure of an optical film according to embodiments of the
inventive concept;

[0024] FIG. 3 is a schematic view illustrating a molecular
structure of a polymer and an optical film including the same
according to some embodiments of the inventive concept;
[0025] FIG. 4 is a schematic view illustrating a molecular
structure of a thermally treated optical film according to some
embodiments of the inventive concept;

[0026] FIG. 5 is a schematic view illustrating an organic
electroluminescent device according to embodiments of the
inventive concept;

[0027] FIGS. 6A to 6C are schematic views illustrating a
method of manufacturing a polymer for an optical film
according to embodiments of the inventive concept.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0028] The inventive concept will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments of the inventive con-
cept are shown. The advantages and features of the inventive
concept and methods of achieving them will be apparent from
the following exemplary embodiments that will be described
in more detail with reference to the accompanying drawings.
It should be noted, however, that the inventive concept is not
limited to the following exemplary embodiments, and may be
implemented in various forms. Accordingly, the exemplary
embodiments are provided only to disclose the inventive con-
cept and let those skilled in the art know the category of the
inventive concept. In the drawings, embodiments of the
inventive concept are not limited to the specific examples
provided herein and are exaggerated for clarity.

[0029] FIG. 2 is a schematic view illustrating a molecular
structure of an optical film according to embodiments of the
inventive concept.

[0030] A polymer material (i.e., a polymer compound) and
anoptical film illustrated in FIG. 2 includes a polymer matrix
110, a high refractive material x chemically combined with
the polymer matrix 110, and a low refractive material y
chemically combined with the polymer matrix 110 and hav-
ing a lower refractive index than the high refractive material
x. Both the high refractive material x and the low refractive
material y are chemically combined with the polymer matrix
110. Here, “n” is within a range of 1 to 1000.

[0031] The polymer matrix 110 is a basic compound con-
stituting the optical film. A circle O in the polymer matrix
110 of FIG. 2 may be a cyclic aliphatic or an aromatic. A
quadrilateral (] in the polymer matrix 110 of FIG. 2 may be an
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