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(54) LIGHT EMITTING DEVICE AND DISPLAY APPARATUS INCLUDING THE SAME

(57) A light emitting device and a display apparatus
including a phase shifting mirror are provided. The light
emitting device includes a first electrode, a light emitting
structure, a second electrode, and a phase shifting mir-
ror. The phase shifting mirror has a number of patterns
arranged in a periodic manner with an interval between
adjacent patterns. Each pattern has a top surface and a
side surface between the top surface of the respective

pattern and the top surface of the first electrode. A first
width at a bottom portion of the respective pattern directly
adjacent to the top surface of the first electrode is greater
than a second width of the top surface of the respective
pattern, and the first width and the second width are less
than a wavelength of light generated in the light emitting
structure.
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Description

FIELD OF THE INVENTION

[0001] The present disclosure relates to a light emitting
device and a display apparatus including the light emit-
ting device, and more particularly to, an organic light emit-
ting device having a phase shifting mirror and an organic
light emitting display apparatus.

BACKGROUND OF THE INVENTION

[0002] An organic light emitting device (OLED) is a dis-
play device that forms an image via light emission ac-
cording to a combination of holes supplied from an anode
and electrons supplied from a cathode in an organic emis-
sion layer. The OLED has excellent display characteris-
tics such as a wide viewing angle, a fast response speed,
a thin thickness, a low manufacturing cost, and a high
contrast.
[0003] Further, the OLED may emit a desired color by
selecting an appropriate material as a material of the or-
ganic emission layer. According to this principle, it may
be possible to manufacture a color display apparatus by
using the OLED. For example, an organic emission layer
of a blue pixel may include an organic material that gen-
erates blue light, an organic emission layer of a green
pixel may include an organic material that generates
green light, and an organic emission layer of a red pixel
may include an organic material that generates red light.
Alternatively, a white OLED may be manufactured by ar-
ranging a plurality of organic materials which respectively
generate blue light, green light, and red light in one or-
ganic emission layer or by arranging pairs of two or more
kinds of organic materials in a complementary relation-
ship with each other.

SUMMARY OF THE INVENTION

[0004] According to an aspect of the disclosure, there
is provided a light emitting device comprising: a first elec-
trode; a light emitting structure disposed on the first elec-
trode; a second electrode disposed on the light emitting
structure; and a phase shifting mirror formed on a top
surface of the first electrode, the phase shifting mirror
comprising a plurality of patterns arranged in a periodic
manner with an interval between adjacent patterns,
wherein each of the plurality of patterns comprises a top
surface and a side surface between the top surface of
the respective pattern and the top surface of the first elec-
trode, wherein a first width at a bottom portion of the
respective pattern directly adjacent to the top surface of
the first electrode is greater than a second width of the
top surface of the respective pattern, and wherein the
first width and the second width are less than a wave-
length of light generated in the light emitting structure.
[0005] The phase shifting mirror and the second elec-
trode may constitute a resonator having a resonance

wavelength, and the resonance wavelength of the reso-
nator maybe determined according to at least one of the
first width, the second width, a depth of each of the plu-
rality of patterns, and an arrangement period of the plu-
rality of patterns.
[0006] When the resonance wavelength of the reso-
nator is λ, at least one of the first width, the second width,
the depth of each of the plurality of patterns, and the
arrangement period of the plurality of patterns maybe
selected such that an optical length of the resonator sat-
isfies nλ/2, n is a natural number.
[0007] The second electrode may be a transflective
electrode that reflects a part of light and transmits another
part of the light.
[0008] The side surface of each of the plurality of pat-
terns maybe an inclined surface.
[0009] Each of the plurality of patterns may have a rod
shape extending in a first direction, and the plurality of
patterns maybe arranged along a second direction per-
pendicular to the first direction.
[0010] Each of the plurality of patterns may have a trun-
cated conical shape or a truncated polygonal pyramid
shape, and the plurality of patterns maybe two-dimen-
sionally arranged.
[0011] The first electrode may comprise a reflective
metal material, and the phase shifting mirror may com-
prise a same reflective metal material as the first elec-
trode.
[0012] The first electrode may comprise a reflective
metal material, and the phase shifting mirror may com-
prise a different reflective metal material from the first
electrode.
[0013] A sum of the first width and the second width
maybe less than the wavelength of the light generated
in the light emitting structure.
[0014] A sum of the first width and the second width
maybe less than 1/3 of the wavelength of the light gen-
erated in the light emitting structure.
[0015] The light emitting structure may comprise: a
hole injection layer disposed on the first electrode; a hole
transport layer disposed on the hole injection layer; an
organic emission layer disposed on the hole transport
layer; an electron transport layer disposed on the organic
emission layer; and an electron injection layer disposed
on the electron transport layer.
[0016] The light emitting device may further comprise:
a dielectric layer is formed between the plurality of pat-
terns of the phase shifting mirror.
[0017] The dielectric layer maybe configured to com-
pletely cover top surfaces of the plurality of patterns, and
the light emitting device may further comprise: a trans-
parent electrode disposed between the dielectric layer
and the light emitting structure.
[0018] The light emitting device may further comprise
a wiring configured to electrically connect the first elec-
trode to the transparent electrode.
[0019] The light emitting device may further comprise:
a transparent electrode disposed between the phase
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shifting mirror and the light emitting structure.
[0020] According to another aspect of the disclosure,
there is provided a display apparatus comprising: a first
pixel configured to emit light of a first wavelength; and a
second pixel configured to emit light of a second wave-
length different from the first wavelength, wherein the
first pixel comprises: a first electrode; a first light emitting
structure disposed on the first electrode; a second elec-
trode disposed on the first light emitting structure; and a
first phase shifting mirror formed on a top surface of the
first electrode, the first phase shifting mirror comprising
a plurality of patterns arranged in a periodic manner,
wherein each of the plurality of patterns comprises a top
surface and a side surface between the top surface of
the respective pattern and the top surface of the first elec-
trode, wherein a first width at a bottom portion of the
respective pattern directly adjacent to the top surface of
the first electrode is greater than a second width of the
top surface of the respective pattern, and wherein the
first width and the second width are less than a wave-
length of light generated in the first light emitting structure.
[0021] The first phase shifting mirror and the second
electrode may constitute a first resonator having a reso-
nance wavelength, and a distance between the second
electrode and the top surface of each of the plurality of
patterns, the first width of each of the plurality of patterns,
the second width of each of the plurality of patterns, and
a depth of each of the plurality of patterns maybe selected
such that the resonance wavelength of the first resonator
is identical to the first wavelength.
[0022] The second pixel may comprise: a third elec-
trode; a second light emitting structure disposed on the
third electrode; and a fourth electrode disposed on the
second light emitting structure.
[0023] The third electrode and the fourth electrode may
constitute a second resonator having a resonance wave-
length, and a distance between the third electrode and
the fourth electrode maybe selected such that the reso-
nance wavelength of the second resonator is identical to
the second wavelength.
[0024] A distance between the second electrode and
the top surface of each of the plurality of patterns and
the distance between the third electrode and the fourth
electrode maybe same.
[0025] Both the first light emitting structure and the sec-
ond light emitting structure maybe configured to emit
white visible light.
[0026] The display apparatus may further comprises:
a third pixel configured to emit light of a third wavelength
different from the first wavelength and the second wave-
length, wherein the third pixel may comprise: a fifth elec-
trode; a third light emitting structure disposed on the fifth
electrode; a sixth electrode disposed on the light emitting
structure; and a second phase shifting mirror formed on
a top surface of the fifth electrode, the second phase
shifting mirror comprising a plurality of patterns arranged
in a periodic manner, wherein each of the plurality of pat-
terns of the third pixel comprises a top surface and a side

surface between the top surface of the respective pattern
and the top surface of the fifth electrode, wherein a third
width at a bottom portion of the respective pattern directly
adjacent to the top surface of the fifth electrode of each
of the plurality of patterns of the third pixel is greater than
a fourth width of the respective pattern of each of the
plurality of patterns of the third pixel, and wherein the
third width of the third pixel and the fourth width of the
third pixel are less than a wavelength of light generated
in the third light emitting structure.
[0027] The second phase shifting mirror and the sixth
electrode of the third pixel may constitute a third resona-
tor having a resonance wavelength, and a distance be-
tween the sixth electrode and the top surface of each of
the plurality of patterns of the third pixel, the third width
of each of the plurality of patterns of the third pixel, the
fourth width of each of the plurality of patterns of the third
pixel, and a depth of each of the plurality of patterns of
the third pixel are selected such that the resonance wave-
length of the third resonator maybe identical to the third
wavelength.
[0028] The distance between the sixth electrode and
the top surface of each of the plurality of patterns of the
third pixel and the distance between the second electrode
and the top surface of each of the plurality of patterns of
the first pixel maybe same, and the depth of each of the
plurality of patterns of the third pixel maybe different from
the depth of each of the plurality of patterns of the first
pixel.
[0029] According to another aspect of the disclosure,
there is provided a light emitting device comprising: a
first electrode; a phase shifting mirror formed on a top
surface of the first electrode; a light emitting structure
disposed above the first electrode and the phase shifting
mirror; and a second electrode disposed on the light emit-
ting structure, wherein the phase shift mirror comprises
a plurality of patterns arranged with an interval between
adjacent patterns, and wherein a dimension of each of
the plurality of patterns is configured based on a wave-
length of light generated in the light emitting structure.
[0030] The light emitting device may further comprise:
a dielectric layer formed between the plurality of patterns
of the phase shifting mirror.
[0031] A first width at a bottom portion of a pattern,
among the plurality of patterns, directly adjacent to the
top surface of the first electrode maybe greater than a
second width of a top surface of the pattern.
[0032] The first electrode and the phase shifting mirror
maybe integrally formed as a single structure.
[0033] The first electrode and the phase shifting mirror
maybe formed as separate structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of the embodiments, taken in conjunction with
the accompanying drawings in which:
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FIG. 1 is a cross-sectional view showing a structure
of a light emitting device according to an embodi-
ment;
FIG. 2 is an enlarged cross-sectional view of a phase
shifting mirror of the light emitting device of FIG. 1
according to an embodiment;
FIGS. 3A to 3C are perspective views showing var-
ious shapes of a plurality of patterns of a phase shift-
ing mirror according to an embodiment;
FIG. 4 is a graph of comparing spectra of reflected
light according to a pattern shape in a phase shifting
mirror configured to reflect light in a green wave-
length band according to an embodiment;
FIG. 5 is a graph of comparing spectra of reflected
light according to a pattern shape in a phase shifting
mirror configured to reflect light in a red wavelength
band according to an embodiment;
FIG. 6 is a chart illustrating simulation results regard-
ing a relationship between a depth of a pattern and
a wavelength of light emitted from a light emitting
device according to an embodiment;
FIG. 7 is a graph showing a relationship between a
depth of a pattern and spectra of light emitted from
a light emitting device according to an embodiment;
FIG. 8 is a cross-sectional view schematically show-
ing a structure of a light emitting device according to
another embodiment;
FIG. 9 is a cross-sectional view schematically show-
ing a structure of a light emitting device according to
an embodiment;
FIG. 10 is a cross-sectional view schematically
showing a structure of a light emitting device accord-
ing to an embodiment;
FIG. 11 is a cross-sectional view schematically
showing a structure of a display apparatus according
to an embodiment;
FIG. 12 is a cross-sectional view schematically
showing a structure of a display apparatus according
to another embodiment; and
FIG. 13 is a cross-sectional view schematically
showing a structure of a display apparatus according
to another embodiment.

DETAILED DESCRIPTION

[0035] Hereinafter, with reference to the accompany-
ing drawings, an organic light emitting device having a
phase shifting mirror and an organic light emitting display
apparatus will be described in detail. Like reference nu-
merals refer to like elements throughout, and in the draw-
ings, sizes of elements may be exaggerated for clarity
and convenience of explanation. The embodiments de-
scribed below are merely exemplary, and various modi-
fications may be possible from the embodiments. In a
layer structure described below, an expression "above"
or "on" may include not only "immediately on in a contact
manner" but also "on in a non-contact manner".
[0036] FIG. 1 is a cross-sectional view showing a struc-

ture of a light emitting device 100 according to an em-
bodiment. Referring to FIG. 1, the light emitting device
100 according to an embodiment may include a first elec-
trode 10, a light emitting structure 20 disposed on the
first electrode 10, and a second electrode 18 disposed
on the light emitting structure 20. The light emitting device
100 may further include a phase shifting mirror 11 having
a plurality of patterns on a surface of the first electrode
10 opposite the second electrode 18. According to an
embodiment, the plurality of patterns are arranged in a
periodic manner.
[0037] The light emitting device 100 may be an organic
light emitting diode (OLED). According to an embodi-
ment, the light emitting structure 20 may include a hole
injection layer 13, a hole transport layer 14 disposed on
the hole injection layer 13, an organic emission layer 15
disposed on the hole transport layer 14, an electron trans-
port layer 16 disposed on the organic emission layer 15,
and an electron injection layer 17 disposed on the elec-
tron transport layer 16. Also, although not shown in FIG.
1, the light emitting structure 20 may include various ad-
ditional layers as needed. According to an embodiment,
the light emitting structure 20 may further include an elec-
tron block layer between the hole transport layer 14 and
the organic emission layer 15, and may further include a
hole block layer between the organic emission layer 15
and the electron transport layer 16. In this structure, holes
provided through the hole injection layer 13 and the hole
transport layer 14 and electrons provided through the
electron injection layer 17 and the electron transport layer
16 may combine in the organic emission layer 15, thereby
generating light. A wavelength of the generated light may
be determined according to an energy band gap of a light
emitting material of the organic emission layer 15.
[0038] A structure of the OLED described above is only
an example of the light emitting device 100, and the light
emitting device 100 is not limited to the OLED. Thus, the
structure and principle of the light emitting device 100
according to the embodiment of the disclosure may be
applied to an inorganic light emitting diode. Hereinafter,
it is assumed that the light emitting device 100 is an
OLED.
[0039] According to an embodiment, the first electrode
10 disposed in a lower portion of the light emitting struc-
ture 20 may be a reflective electrode that reflects light
(e.g., visible light) and may serve as an anode for pro-
viding holes. The second electrode 18 disposed on an
upper portion of the light emitting structure 20 may be a
transflective electrode that reflects a part of light and
transmits another part of the light, and may serve as a
cathode for providing electrons. According to the embod-
iment, the first electrode 10 may include a metallic ma-
terial having excellent reflectance and electrical conduc-
tivity, such as silver (Ag) or aluminum (Al), and the second
electrode 18 may include a reflective metal of a very thin
thickness. According to an embodiment, the second elec-
trode 18 may be a mixed layer of aluminum (Al), silver
(Ag) and magnesium (Mg), or a mixed layer of aluminum
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(Al) and lithium (Li), and an entire thickness of the second
electrode 18 may be about 5 nm to about 20 nm. Although
the second electrode 18 includes a metal, since the thick-
ness of the second electrode 18 is very thin, a part of the
light may pass through the second electrode 18 and an-
other part thereof may be reflected.
[0040] According to an embodiment, the phase shifting
mirror 11 may include the same conductive material as
the first electrode 10 and may be a part of the first elec-
trode 10. That is, the phase shifting mirror 11 may be
formed integrally with the first electrode 10. In an embod-
iment, a flat upper surface of the first electrode 10 may
be etched to form the phase shifting mirror 11. Since the
phase shifting mirror 11 has a plurality of nano scale pat-
terns 11a, the phase of a reflected light reflected by the
phase shifting mirror 11 may be changed.
[0041] The light emitting device 100 may further in-
clude a dielectric layer 12 formed by dielectric material
filled between a plurality of patterns 11a of the phase
shifting mirror 11. In an embodiment, the dielectric layer
12 may include a transparent and insulating material with
respect to visible light such as SiO2, SiNx, Al2O3, HfO2,
and the like. A phase of the reflected light may also be
adjusted according to a refractive index of the dielectric
layer 12. Also, the dielectric layer 12 may serve as a
planarization layer for forming the light emitting structure
20 on the first electrode 10. To this end, the dielectric
layer 12 may completely cover an upper surface of the
pattern 11a, and an upper surface of the dielectric layer
12 may be flat.
[0042] The light emitting device 100 may further in-
clude a transparent electrode 10a disposed between the
dielectric layer 12 and the light emitting structure 20 and
a wiring 10b electrically connecting the transparent elec-
trode 10a and the first electrode 10. According to an em-
bodiment, current may not flow from the first electrode
10 to the light emitting structure 20 when the dielectric
layer 12 completely covers the upper surface of the pat-
tern 11a of the phase shifting mirror 11. The transparent
electrode 10a and the wiring 10b may serve to electrically
connect the light emitting structure 20 to the first electrode
10. The transparent electrode 10a may include a trans-
parent conductive oxide such as ITO (indium tin oxide),
IZO (indium zinc oxide), or AZO (aluminum zinc oxide).
[0043] FIG. 2 is an enlarged cross-sectional view of
the phase shifting mirror 11 of the light emitting device
100 shown in FIG. 1, according to an embodiment. Re-
ferring to FIG. 2, the phase shifting mirror 11 may include
a plurality of nano scale patterns 11a arranged at regular
intervals. Although only four patterns 11a are shown for
convenience in FIG. 2, a very large number of patterns
11a may be actually arranged in the phase shifting mirror
11. Each pattern 11a of the phase shifting mirror 11 may
include a bottom surface 11b, a top surface 11t opposed
to the bottom surface 11b, and a side surface 11s be-
tween the bottom surface 11b and the top surface 11t.
An arrangement period of the patterns 11a may be con-
sidered as a sum of a width g of an interval 11g between

the adjacent two patterns 11a and a width ba of the bot-
tom surface 11b of each pattern 11a.
[0044] According to the embodiment, as shown in FIG.
2, the width ba of the bottom surface 11b may be greater
than a width ta of the top surface 11t, and the side surface
11s may be an inclined surface. Therefore, a cross sec-
tion of each pattern 11a may have a trapezoidal shape.
Then, light may easily penetrate into the interval 11g be-
tween the patterns 11a and then be reflected.
[0045] For example, a portion L1 of an incident light
incident on the phase shifting mirror 11 may be reflected
from the top surface 11t of the pattern 11a and another
portion L2 may be reflected from an inside of the interval
11g between the patterns 11a. Therefore, a phase dif-
ference may occur between the light L1 reflected from
the top surface 11t of the pattern 11a and the light L2
reflected from the inside of the interval 11g between the
patterns 11a. As described above, the phase shifting mir-
ror 11 may change a phase of the reflected light. When
the width ta of the top surface 11t is equal to or larger
than the width ba of the bottom surface 11b, since the
light may not sufficiently enter into the interval 11g be-
tween the patterns 11a, the phase shifting mirror 11 may
be difficult to accurately change the phase of the reflected
light as wanted.
[0046] The phase shift of the reflected light by the
phase shifting mirror 11 may be determined according
to at least one the width ba of the bottom surface 11b,
the width ta of the top surface 11t, the arrangement period
of the patterns 11a, and a depth d of the patterns 11a.
The size of the patterns 11a may be smaller than a wave-
length of the incident light, for example, light generated
in the light emitting structure 20, for a uniform and accu-
rate phase shift. When the light emitting structure 20
emits light in a region of visible light, the size of the pat-
terns 11a may be smaller than the visible light. For ex-
ample, the sum of the width ba of the bottom surface 11b
and the width ta of the top surface 11t may be smaller
than the wavelength of the light generated in the light
emitting structure 20. Alternatively, the sum of the width
ba of the bottom surface 11b and the width ta of the top
surface 11t may be smaller than 1/3 of the wavelength
of the light generated in the light emitting structure 20.
[0047] The plurality of patterns 11a of the phase shift-
ing mirror 11 described above may have a one-dimen-
sional (1D) array structure or a two-dimensional (2D) ar-
ray structure. FIGS. 3A to 3C are perspective views
showing various shapes of the plurality of patterns 11a
of the phase shifting mirror 11 according to an embodi-
ment.
[0048] FIG. 3A shows the one-dimensionally arranged
plurality of patterns 11a of the phase shifting mirror 11.
Referring to FIG. 3A, each of the patterns 11a may have
a rod shape elongated in a first direction, and the plurality
of patterns 11a may be arranged along a second direction
perpendicular to the first direction. In this case, the width
ba of the bottom surface 11b of each pattern 11a may
be, for example, about 30 nm to about 300 nm. Also, a
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ratio r obtained by dividing the width ta of the top surface
11t by the width ba of the bottom surface 11b may be,
for example, greater than 0 and less than 1 (0 <r <1), and
a period p of the patterns 11a may satisfy a relationship
of (the width ba of the bottom face 11b + 10 nm) ≤ p ≤ (a
wavelength of light generated in the light emitting struc-
ture 20).
[0049] Also, FIGS. 3B and 3C show the two-dimen-
sionally arranged plurality of patterns 11a of the phase
shifting mirror 11. Referring to FIG. 3B, each pattern 11a
may have, for example, a truncated conical shape, and
the plurality of patterns 11a may be two-dimensionally
arranged. Also, referring to FIG. 3C, each pattern 11a
may have the truncated rectangular pyramid shape. In
addition to the truncated rectangular pyramid shape,
each pattern 11a may have various truncated polygonal
pyramid shapes. Also, in FIGS. 3B and 3C, the plurality
of patterns 11a are two-dimensionally arranged in a first
direction and in a second direction perpendicular to the
first direction to form a rectangular shape arrangement,
but the plurality of patterns 11a may be two-dimensionally
arranged to form a triangular or hexagonal shape ar-
rangement. When the plurality of patterns 11a are two-
dimensionally arranged, the width ba of the bottom sur-
face 11b of each pattern 11a may be, for example, about
30 nm to about 300 nm. The ratio r obtained by dividing
the width ta of the top surface 11t by the width ba of the
bottom surface 11b may be, for example, greater than 0
and smaller than 1 (0 <r <1), and the period p of the
patterns 11a may satisfy a relationship of (the width ba
of the bottom face 11b + 10 nm) ≤ p ≤ (the wavelength
of the light generated in the light emitting structure 20).
[0050] Referring again to FIG. 1, the phase shifting mir-
ror 11 may form a resonator L together with the second
electrode 18. That is, the resonator L may be formed
between the phase shifting mirror 11 and the second
electrode 18 of the light emitting device 100. Therefore,
the light generated in the light emitting structure 20 may
reciprocate and resonate between the phase shifting mir-
ror 11 and the second electrode 18 and then light corre-
sponding to a resonance wavelength of the resonator L
may be emitted to the outside through the second elec-
trode 18.
[0051] The resonance wavelength of the resonator L
may be determined according to an optical length of the
resonator L. For example, when the resonance wave-
length of the resonator L is λ, the optical length of the
resonator L may be nλ/2 (n is a natural number). The
optical length of the resonator L may be determined as
a sum of an optical thickness of the light emitting structure
20, an optical thickness of the transparent electrode 10a,
an optical thickness between an upper surface of the
dielectric layer 12 and the top surface 11t of the pattern
11a, a phase shift caused by the second electrode 18,
and a phase shift caused by the phase shifting mirror 11.
Here, the optical thickness of the light emitting structure
20, the optical thickness of the transparent electrode 10a,
and the optical thickness between the upper surface of

the dielectric layer 12 and the top surface 11t of the pat-
tern 11a may not be merely a physical thickness but may
be a thickness in consideration of refractive indexes of
all materials between the second electrode 18 and the
top surface 11t of each pattern 11a of the phase shifting
mirror 11. According to the embodiment, the optical
length or the resonance wavelength of the resonator L
may be determined by adjusting only the phase shift
caused by the phase shifting mirror 11 while fixing the
optical thickness of the light emitting structure 20, the
optical thickness of the transparent electrode 10a, the
optical thickness between the upper surface of the die-
lectric layer 12 and the top surface 11t of the pattern 11a,
and the phase shift caused by the second electrode 18.
[0052] As described above, the phase shift caused by
the phase shifting mirror 11 may be determined accord-
ing to at least one of the width ba of the bottom surface
11b of each pattern 11a, the width ta of the top surface
11t, the arrangement period of the patterns 11a, and the
depth d of the patterns 11a. Therefore, the resonance
wavelength of the resonator L formed between the phase
shifting mirror 11 and the second electrode 18 may be
determined according to at least one of the width ba of
the bottom surface 11b of each pattern 11a of the phase
shifting mirror 11, the width ta of the top surface 11t, the
arrangement period of the patterns 11a, and the depth d
of the patterns 11a. In other words, when the resonance
wavelength of the resonator L is λ and the optical thick-
ness of the light emitting structure 20, the optical thick-
ness of the transparent electrode 10a, the optical thick-
ness between an upper surface of the dielectric layer 12
and the top surface 11t of the pattern 11a, and the phase
shift caused by the second electrode 18 are fixed, at least
one of the width ba of the bottom surface 11b of each
pattern 11a of the phase shifting mirror 11, the width ta
of the top surface 11t, the arrangement period of the pat-
terns 11a, and the depth d of the patterns 11a may be
selected such that the optical length of the resonator L
is nλ/2 (n is a natural number). Therefore, the phase shift-
ing mirror 11 may be appropriately configured, thereby
easily matching the resonance wavelength of the reso-
nator L in the light emitting device 100 with a light emitting
wavelength of the light emitting device 100.
[0053] FIG. 4 is a graph of comparing spectra of re-
flected light according to a pattern shape in the phase
shifting mirror 11 configured to reflect light in a green
wavelength band, according to an embodiment. The
graph indicated by a solid line in FIG. 4 shows the spec-
trum of the reflected light when a shape of a cross-section
of each pattern 11a is a trapezoid as in the embodiment,
and the graph indicated by a dotted line shows the spec-
trum of the reflected light when a shape of a cross-section
of each pattern is a rectangle as a comparative example.
In the case where each of the patterns 11a has the trap-
ezoid cross-section, the width ba of the bottom surface
11b of each pattern 11a may be 100 nm, the width ta of
the top surface 11t may be 50 nm, the width g of the
interval 11g between the two patterns 11a may be 250
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nm, and the depth d of the pattern 11a may be 36 nm.
In the comparative example, a width of a top surface may
be equal to a width of a bottom surface, and a depth of
the pattern may be 21 nm. Referring to FIG. 4, it may be
seen that a peak of the solid line in a green wavelength
region is much larger than a peak of the dotted line. It
may also be seen that a peak of the dotted line in a blue
wavelength region is only slightly smaller than the peak
of the dotted line in the green wavelength region, but the
peak of the solid line in the blue wavelength region is
greatly suppressed. Accordingly, the color purity of light
emitted from the light emitting device 100 may be im-
proved.
[0054] FIG. 5 is a graph of comparing spectra of re-
flected light according to a pattern shape in the phase
shifting mirror 11 configured to reflect light in a red wave-
length band according to an embodiment. The graph in-
dicated by a solid line in FIG. 5 shows the spectrum of
the reflected light when a shape of a cross-section of
each pattern 11a is a trapezoid as in the embodiment,
and the graph indicated by a dotted line shows the spec-
trum of the reflected light when a shape of a cross-section
of each pattern is a rectangle as a comparative example.
In the case where each of the patterns 11a has the trap-
ezoid cross-section, the width ba of the bottom surface
11b of each pattern 11a may be 100 nm, the width ta of
the top surface 11t may be 50 nm, the width g of the
interval 11g between the two patterns 11a may be 250
nm, and the depth d of the pattern 11a may be 96 nm.
In the comparative example, a width of a top surface may
be equal to a width of a bottom surface, and a depth of
the pattern may be 71 nm. Referring to FIG. 5, it may be
seen that a peak of the solid line in a red wavelength
region is larger than a peak of the dotted line. It may also
be seen that a small peak of the dotted line graph appears
in a blue wavelength region, but a small peak of the solid
line graph is closer to an ultraviolet region.
[0055] FIG. 6 shows simulation results of a relationship
between the depth d of the pattern 11a and a wavelength
of light emitted from the light emitting device 100 accord-
ing to an embodiment. For example, a simulation is per-
formed by fixing an optical thickness of the light emitting
structure 20 to an integral multiple of 1/2 of a blue wave-
length, the width ba of the bottom surface 11b of the
pattern 11a to 100 nm, the width ta of the pattern 11a to
200 nm, the width g of the interval 11g between the two
patterns 11a to 200 nm and changing the depth d of the
pattern 11a from 0 nm to 100 nm. It is assumed that white
light is emitted from the light emitting structure 20. Re-
ferring to FIG. 6, when the depth d of the pattern 11a is
small, since an influence of the phase shifting mirror 11
is reduced, the blue wavelength light may be emitted from
the light emitting device 100. As the depth d of the pattern
11a becomes deeper, the wavelength of the light emitted
from the light emitting device 100 may move in a long
wavelength direction. When the depth d of the pattern
11a reaches about 90 nm, the light emitting device 100
may emits light of a red wavelength.

[0056] FIG. 7 is a graph showing a relationship be-
tween the depth d of the pattern 11a and spectra of light
emitted from the light emitting device 100, and shows
simulation results under the same conditions as in FIG.
6 according to an embodiment. Referring to FIG. 7, when
the depth d of the pattern 11a is 1 nm, the spectrum with
respect to a blue wavelength may be obtained, when the
depth d of the pattern 11a may be 31 nm, the spectrum
with respect to a green wavelength may be obtained, and
when the depth d of the pattern 11a is 91 nm, the spec-
trum with respect to a red wavelength may be obtained.
[0057] Therefore, it may be seen that a resonance
wavelength of the resonator L of the light emitting device
100 may be adjusted by adjusting only the depth d of the
pattern 11a of the phase shifting mirror 11. In other words,
the light emitting device 100 may easily match the reso-
nance wavelength of the resonator L with a light emitting
wavelength or a light emitting color of the light emitting
device 100 by changing only the depth d of the patterns
11a while fixing an optical thickness of the light emitting
structure 20, an optical thickness of the transparent elec-
trode 10a, an optical thickness between an upper surface
of the dielectric layer 12 and the top surface 11t of the
pattern 11a, the width ba of the bottom surface 11b of
the pattern 11a of the phase shifting mirror 11, the width
ta of the top surface 11t and an arrangement period of
the patterns 11a at appropriate values. Accordingly, the
color purity of the light emitted from the light emitting de-
vice 100 may be easily improved. The depth d of the
pattern 11a may differ according to the optical thickness
of the light emitting structure 20, the optical thickness of
the transparent electrode 10a, the optical thickness be-
tween an upper surface of the dielectric layer 12 and the
top surface 11t of the pattern 11a, the width ba of the
bottom surface 11b of the pattern 11a of the phase shift-
ing mirror 11, the width ta of the top surface 11t and the
arrangement period of the patterns 11a but may be se-
lected approximately between 0 nm to about 250 nm.
[0058] For example, when the light emitting device 100
is a red light emitting device, the width ba of the bottom
surface 11b of each pattern 11a of the phase shifting
mirror 11, the width ta of the top surface 11t, the arrange-
ment period of the patterns 11a, and the depth d of the
patterns 11a may be selected such that the resonance
frequency of the resonator L corresponds to a red wave-
length band. The organic emission layer 15 may include
only a red light emitting material. Instead, the organic
emission layer 15 may include all a blue light emitting
material, a green light emitting material, and the red light
emitting material. A light emitting wavelength of the light
emitting device 100 may be determined only by dimen-
sion of the patterns 11a of the phase shifting mirror 11.
[0059] FIG. 8 is a cross-sectional view schematically
showing a structure of a light emitting device 110 accord-
ing to another embodiment. Referring to FIG. 8, the light
emitting device 110 may include the dielectric layer 12
filled only between the plurality of patterns 11a of the
phase shifting mirror 11. For example, an upper surface
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of the dielectric layer 12 may be coplanar with a top sur-
face of the patterns 11a. In this case, the transparent
electrode 10a may be electrically connected to the first
electrode 10 without additional wiring. The remaining
configuration of the light emitting device 110 shown in
FIG. 8 may be the same as that of the light emitting device
100 shown in FIG. 1.
[0060] Although the phase shifting mirror 11 is formed
integrally with the first electrode 10 above, the phase
shifting mirror 11 and the first electrode 10 may be sep-
arately formed. For example, FIG. 9 is a cross-sectional
view schematically showing a structure of a light emitting
device 120 according to another embodiment. Referring
to FIG. 9, the light emitting device 120 may include the
first electrode 10 having a flat upper surface and the
phase shifting mirror 11 stacked on the upper surface of
the first electrode 10. The phase shifting mirror 11 may
be additionally formed on the previously formed flat first
electrode 10. In this case, the phase shifting mirror 11
may include the same reflective metal material as the
first electrode 10 or may include a different reflective met-
al material from the first electrode 10.
[0061] Also, FIG. 10 is a cross-sectional view sche-
matically showing a structure of a light emitting device
130 according to another embodiment. The light emitting
device 130 shown in FIG. 10 may not include a separate
dielectric layer, and the transparent electrode 10a may
be directly disposed on the phase shifting mirror 11. The
transparent electrode 10a may be disposed between the
phase shifting mirror 11 and the light emitting structure
20 to serve as a planarization layer for forming the light
emitting structure 20. To this end, the transparent elec-
trode 10a may be configured to fill between the plurality
of patterns 11a of the phase shifting mirror 11 and com-
pletely cover a top surface of the patterns 11a. Further,
an upper surface of the transparent electrode 10a may
be configured to be flat. In this case, the transparent elec-
trode 10a may be electrically connected to the first elec-
trode 10 without additional wiring.
[0062] The above-described light emitting devices
100, 110, 120, and 130 may be applied to a display ap-
paratus since they may adjust a resonance wavelength
of a resonator within a wavelength band of visible light
according to a structure of the phase shifting mirror 11.
For example, FIG. 11 is a cross-sectional view schemat-
ically showing a structure of a display apparatus 200 ac-
cording to an embodiment. Referring to FIG. 11, the dis-
play apparatus 200 according to an embodiment may
include a substrate 201 and a first pixel 100B, a second
pixel 100G, and a third pixel 100R arranged on the sub-
strate 201 in a line. Although the first through third pixels
100B, 100G, and 100R shown in FIG. 11 have the same
structure as the light emitting device 100 shown in FIG.
1, the first through third pixels 100B, 100G, and 100R
may have the same structures as the light emitting de-
vices 110, 120, and 130 shown in FIGS. 8 to 10. Also,
although only one of the first through third pixels 100B,
100G, and 100R is illustrated in FIG. 11 for the sake of

convenience, a very large number of the first through
third pixels 100B, 100G, and 100R may be repeatedly
arranged actually.
[0063] For example, each of the first to third pixels
100B, 100G, and 100R may include the first electrode
10 disposed on the substrate 201 and including the phase
shifting mirror 11, the dielectric layer 12 disposed on the
phase shifting mirror 11, the transparent electrode 10a
disposed on the dielectric layer 12, the light emitting
structure 20 disposed on the transparent electrode 10a,
and the second electrode 18 disposed on the light emit-
ting structure 20. When the display apparatus 200 is an
OLED apparatus, the light emitting structure 20 of each
of the first to third pixels 100B, 100G and 100R may in-
clude the hole injection layer 13 disposed on the trans-
parent electrode 10a, the hole transport layer 14 dis-
posed on the hole injection layer 13, the organic emission
layer 15 disposed on the hole transport layer 14, the elec-
tron transport layer 16 disposed on the organic emission
layer 15, and the electron injection layer 17 disposed on
the electron transport layer 16.
[0064] The first to third pixels 100B, 100G, and 100R
may be configured to emit light of different wavelengths.
For example, the first pixel 100B may be configured to
emit light B of a first wavelength band λ1 that is a blue
wavelength band, the second pixel 100G may be config-
ured to emit light G of a second wavelength band λ2 that
is a green wavelength band, and the third pixel 100R may
be configured to emit light R of a third wavelength band
λ3 that is a red wavelength band. To this end, optical
lengths of resonators of the first through third pixels 100B,
100G, and 100R may be configured to be different from
each other. As described above, the optical length of the
resonator may be determined as a sum of an optical thick-
ness of the light emitting structure 20, an optical thickness
of the transparent electrode 10a, an optical thickness of
the dielectric layer 12, a phase shift caused by the second
electrode 18, and a phase shift caused by the phase shift-
ing mirror 11. According to the embodiment, the optical
length or a resonance wavelength of the resonator may
be determined by adjusting only the phase shift caused
by the phase shifting mirror 11 while fixing the optical
thickness of the light emitting structure 20, the optical
thickness of the transparent electrode 10a, the optical
thickness of the dielectric layer 12, and the phase shift
caused by the second electrode 18. For example, a
phase shift ϕ1 of the first pixel 100B caused by the phase
shifting mirror 11, a phase shift ϕ2 of the second pixel
100G caused by the phase shifting mirror 11, and a phase
shift ϕ3 of the third pixel 100R caused by the phase shift-
ing mirror 11 may be configured to be different from each
other.
[0065] In other words, the width ba of the bottom sur-
face 11b of each pattern 11a of the phase shifting mirror
11 of the first pixel 100B, the width ta of the top surface
11t of each pattern 11a of the phase shifting mirror 11 of
the first pixel 100B, an arrangement period of the patterns
11a of the phase shifting mirror 11 of the first pixel 100B,
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and the depth d of the patterns 11a of the phase shifting
mirror 11 of the first pixel 100B may be selected such
that the resonance wavelength of the resonator of the
first pixel 100B corresponds to the first wavelength band
λ1, the width ba of the bottom surface 11b of each pattern
11a of the phase shifting mirror 11 of the second pixel
100G, the width ta of the top surface 11t of each pattern
11a of the phase shifting mirror 11 of the second pixel
100G, the arrangement period of the patterns 11a of the
phase shifting mirror 11 of the second pixel 100G, and
the depth d of the patterns 11a of the phase shifting mirror
11 of the second pixel 100G may be selected such that
the resonance wavelength of the resonator of the second
pixel 100G corresponds to the second wavelength band
λ2, and the width ba of the bottom surface 11b of each
pattern 11a of the phase shifting mirror 11 of the third
pixel 100R, the width ta of the top surface 11t of each
pattern 11a of the phase shifting mirror 11 of the third
pixel 100R, the arrangement period of the patterns 11a
of the phase shifting mirror 11 of the third pixel 100R,
and the depth d of the patterns 11a of the phase shifting
mirror 11 of the third pixel 100R may be selected such
that the resonance wavelength of the resonator of the
third pixel 100R corresponds to the third wavelength
band λ3.
[0066] More specifically, the width ba of the bottom sur-
face 11b of each pattern 11a of the phase shifting mirror
11, the width ta of the top surface 11t, the arrangement
period of the patterns 11a, and the depth d of the patterns
11a in the first pixel 100B may be selected such that the
optical length of the resonator of the first pixel 100B is
nλ1/2, the width ba of the bottom surface 11b of each
pattern 11a of the phase shifting mirror 11, the width ta
of the top surface 11t, the arrangement period of the pat-
terns 11a, and the depth d of the patterns 11a in the
second pixel 100G may be selected such that the optical
length of the resonator of the second pixel 100G is nλ2/2,
and the width ba of the bottom surface 11b of each pattern
11a of the phase shifting mirror 11, the width ta of the
top surface 11t, the arrangement period of the patterns
11a, and the depth d of the patterns 11a in the third pixel
100R may be selected such that the optical length of the
resonator of the third pixel 100R is nλ3/2. Here, n may
be a natural number.
[0067] As described above, the optical length of the
resonator may be adjusted according to the width ba of
the bottom surface 11b of each pattern 11a of the phase
shifting mirror 11, the width ta of the top surface 11t, the
arrangement period of the patterns 11a, and the depth d
of the patterns 11a. Also, as described with reference to
FIGS. 6 and 7, a resonance wavelength of the resonator
in a visible light region may be sufficiently adjusted by
adjusting only the depth d of the patterns 11a while fixing
the width ba of the bottom surface 11b of each pattern
11a of the phase shifting mirror 11, the width ta of the
top surface 11t, and the arrangement period of the pat-
terns 11a to specific values.
[0068] As a result, since it is unnecessary to adjust a

thickness of each of the first through third pixels 100B,
100G, and 100R to adjust the optical length of the reso-
nator of each of the first through third pixels 100B, 100G,
and 100R, the display apparatus 200 may configure the
thicknesses of the first through third pixels 100B, 100G
and 100R to be the same. For example, optical lengths
between the second electrode 18 and the first electrode
10 in the first through third pixels 100B, 100G, and 100R
may be the same. Accordingly, a manufacturing process
of the display apparatus 200 may be simplified, and thus
the display apparatus 200 may easily have a large area.
Further, since the resonance wavelength of the resonator
of each of the first through third pixels 100B, 100G, and
100R may be accurately adjusted, the color purity of the
display apparatus 200 may be improved.
[0069] For example, in the case of the display appara-
tus 200 shown in FIG. 11, the depth d of the patterns 11a
of the phase shifting mirror 11 in the first pixel 100B may
be 0 nm. In other words, the first electrode 10 may have
a flat upper surface. In this case, it may be seen that the
phase shifting mirror 11 is not formed in the first pixel
100B. The second pixel 100G and the third pixel 100R
may include a second phase shifting mirror 11G and a
third phase shifting mirror 11R having different depths d
of the patterns 11a respectively. For example, the depth
d of the patterns 11a of the second phase shifting mirror
11G may be about 30 nm, and the depth d of the patterns
11a of the third phase shifting mirror 11R may be about
90 nm. The configurations of the first through third pixels
100B, 100G and 100R may be completely the same ex-
cept for the depth d of the patterns 11a.
[0070] Meanwhile, the organic emission layers 15 of
the first through third pixels 100B, 100G, and 100R may
be configured differently. For example, the organic emis-
sion layer 15 of the first pixel 100B may include a light
emitting material that emits blue light, the organic emis-
sion layer 15 of the second pixel 100G may include a
light emitting material that emits green light, and the or-
ganic emission layer 15 of the third pixel 100R may in-
clude a light emitting material that emits red light. How-
ever, since light emitting characteristics of the first
through third pixels 100B, 100G, and 100R may be de-
termined only by a structure of the phase shifting mirror
11, the organic emission layers 15 of the first through
third pixels 100B, 100G, and 100R may be configured to
be the identical to each other. For example, the organic
emission layers 15 of the first through third pixels 100B,
100G, and 100R may all be configured to emit white vis-
ible light. When the organic emission layers 15 of the first
through third pixels 100B, 100G, and 100R are the same,
the manufacturing process of the display apparatus 200
may be further simplified.
[0071] The phase shifting mirror 11 is not formed in the
first pixel 100B in the display apparatus 200 shown in
FIG. 11, but the phase shifting mirror 11 may be formed
in the first pixel 100B according to dimensions of the pat-
terns 11a. For example, FIG. 12 is a cross-sectional view
schematically showing a structure of a display apparatus
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210 according to another embodiment. The first pixel
100B of the display apparatus 210 shown in FIG. 12 may
include a first phase shifting mirror 11B, the second pixel
100G may include a second phase shifting mirror 11G,
and the third pixel 100R may include a third phase shifting
mirror 11R. In this case, the depth d of the patterns 11a
of the second phase shifting mirror 11G may be larger
than the depth d of the patterns 11a of the first phase
shifting mirror 11B, and the depth d of the patterns 11a
of the third phase shifting mirror 11R may be larger than
the depth d of the patterns 11a of the second phase shift-
ing mirror 11G.
[0072] Further, since the light emitting characteristics
of the first through third pixels 100B, 100G, and 100R
may be determined only by structures of the phase shift-
ing mirrors 11, the display apparatuses 200 and 210 may
not include a separate color filter. However, to further
improve the color purity of the display apparatuses 200
and 210, a color filter may be further disposed as neces-
sary. For example, FIG. 13 is a cross-sectional view sche-
matically showing a structure of a display apparatus 220
according to another embodiment. Referring to FIG. 13,
the display apparatus 220 may include a first color filter
30B disposed on the first pixel 100B, a second color filter
30G disposed on the second pixel 100G, and a third color
filter 30R disposed on the third pixel 100R. For example,
the first color filter 30B may be configured to emit only
the light B of the first wavelength band λ1 that is a blue
wavelength band, the second color filter 30G may be
configured to emit only the light G of the second wave-
length band λ2 that is a green wavelength band, and the
third color filter 30R may be configured to emit only the
light R of the third wavelength band λ3 that is a red wave-
length band. The remaining structure of the display ap-
paratus 220 may be the same as the display apparatus
200 shown in FIG. 11 or the display apparatus 210 shown
in FIG. 12.
[0073] While the light emitting device and the display
apparatus including the light emitting device described
above have been shown and described in connection
with the embodiments illustrated in the drawings, it will
be understood by those of ordinary skill in the art that
various modifications and equivalent embodiments may
be made therefrom. Therefore, the disclosed embodi-
ments should be considered in an illustrative sense rather
than a restrictive sense. The range of the embodiments
will be in the appended claims, and all of the differences
in the equivalent range thereof should be understood to
be included in the embodiments.

Claims

1. A light emitting device comprising:

a first electrode;
a light emitting structure disposed on the first
electrode;

a second electrode disposed on the light emit-
ting structure; and
a phase shifting mirror formed on a top surface
of the first electrode, the phase shifting mirror
comprising a plurality of patterns arranged in a
periodic manner with an interval between adja-
cent patterns,
wherein each of the plurality of patterns com-
prises a top surface and a side surface between
the top surface of the respective pattern and the
top surface of the first electrode,
wherein a first width at a bottom portion of the
respective pattern directly adjacent to the top
surface of the first electrode is greater than a
second width of the top surface of the respective
pattern, and
wherein the first width and the second width are
less than a wavelength of light generated in the
light emitting structure.

2. The light emitting device of claim 1,
wherein the phase shifting mirror and the second
electrode constitute a resonator having a resonance
wavelength, and
wherein the resonance wavelength of the resonator
is determined according to at least one of the first
width, the second width, a depth of each of the plu-
rality of patterns, and an arrangement period of the
plurality of patterns, and optionally wherein when the
resonance wavelength of the resonator is λ, at least
one of the first width, the second width, the depth of
each of the plurality of patterns, and the arrangement
period of the plurality of patterns is selected such
that an optical length of the resonator satisfies nλ/2,
n is a natural number.

3. The light emitting device of claim 1 or 2, wherein the
second electrode is a transflective electrode that re-
flects a part of light and transmits another part of the
light.

4. The light emitting device of any preceding claim,
wherein the side surface of each of the plurality of
patterns is an inclined surface.

5. The light emitting device of any preceding claim,
wherein each of the plurality of patterns has a rod
shape extending in a first direction, and the plurality
of patterns are arranged along a second direction
perpendicular to the first direction.

6. The light emitting device of any of claims 1 to 4,
wherein each of the plurality of patterns has a trun-
cated conical shape or a truncated polygonal pyra-
mid shape, and the plurality of patterns are two-di-
mensionally arranged.

7. The light emitting device of any preceding claim,
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wherein the first electrode comprises a reflective
metal material, and
wherein either: the phase shifting mirror comprises
a same reflective metal material as the first elec-
trode; or the phase shifting mirror comprises a dif-
ferent reflective metal material from the first elec-
trode.

8. The light emitting device of any preceding claim,
wherein a sum of the first width and the second width
is less than the wavelength of the light generated in
the light emitting structure, and preferably wherein
a sum of the first width and the second width is less
than 1/3 of the wavelength of the light generated in
the light emitting structure.

9. The light emitting device of any preceding claim,
wherein the light emitting structure comprises:

a hole injection layer disposed on the first elec-
trode;
a hole transport layer disposed on the hole in-
jection layer;
an organic emission layer disposed on the hole
transport layer;
an electron transport layer disposed on the or-
ganic emission layer; and
an electron injection layer disposed on the elec-
tron transport layer.

10. The light emitting device of any preceding claim, fur-
ther comprising:
a dielectric layer formed between the plurality of pat-
terns of the phase shifting mirror.

11. The light emitting device of claim 10,
wherein the dielectric layer is configured to com-
pletely cover top surfaces of the plurality of patterns,
and
wherein the light emitting device further comprises:
a transparent electrode disposed between the die-
lectric layer and the light emitting structure, and op-
tionally further comprising:
a wiring configured to electrically connect the first
electrode to the transparent electrode.

12. The light emitting device of any preceding claim, fur-
ther comprising:
a transparent electrode disposed between the phase
shifting mirror and the light emitting structure.

13. A display apparatus comprising:

a first pixel configured to emit light of a first wave-
length; and
a second pixel configured to emit light of a sec-
ond wavelength different from the first wave-
length,

wherein the first pixel comprises a light emitting
device according to any preceding claim,
and optionally wherein: the first phase shifting
mirror and the second electrode constitute a first
resonator having a resonance wavelength; and
a distance between the second electrode and
the top surface of each of the plurality of pat-
terns, the first width of each of the plurality of
patterns, the second width of each of the plurality
of patterns, and a depth of each of the plurality
of patterns are selected such that the resonance
wavelength of the first resonator is identical to
the first wavelength.

14. The display apparatus of claim 13, wherein the sec-
ond pixel comprises:

a third electrode;
a second light emitting structure disposed on the
third electrode; and
a fourth electrode disposed on the second light
emitting structure,
and optionally wherein: the third electrode and
the fourth electrode constitute a second resona-
tor having a resonance wavelength; and
a distance between the third electrode and the
fourth electrode is selected such that the reso-
nance wavelength of the second resonator is
identical to the second wavelength, and option-
ally wherein a distance between the second
electrode and the top surface of each of the plu-
rality of patterns and the distance between the
third electrode and the fourth electrode are
same.

15. The display apparatus of claim 13 or 14, further com-
prising:

a third pixel configured to emit light of a third
wavelength different from the first wavelength
and the second wavelength,
wherein the third pixel comprises:

a fifth electrode;
a third light emitting structure disposed on
the fifth electrode;
a sixth electrode disposed on the light emit-
ting structure; and
a second phase shifting mirror formed on a
top surface of the fifth electrode, the second
phase shifting mirror comprising a plurality
of patterns arranged in a periodic manner,
wherein each of the plurality of patterns of
the third pixel comprises a top surface and
a side surface between the top surface of
the respective pattern and the top surface
of the fifth electrode,
wherein a third width at a bottom portion of
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the respective pattern directly adjacent to
the top surface of the fifth electrode of each
of the plurality of patterns of the third pixel
is greater than a fourth width of the respec-
tive pattern of each of the plurality of pat-
terns of the third pixel, and
wherein the third width of the third pixel and
the fourth width of the third pixel are less
than a wavelength of light generated in the
third light emitting structure,
and optionally wherein: the second phase
shifting mirror and the sixth electrode of the
third pixel constitute a third resonator hav-
ing a resonance wavelength; and
a distance between the sixth electrode and
the top surface of each of the plurality of
patterns of the third pixel, the third width of
each of the plurality of patterns of the third
pixel, the fourth width of each of the plurality
of patterns of the third pixel, and a depth of
each of the plurality of patterns of the third
pixel are selected such that the resonance
wavelength of the third resonator is identical
to the third wavelength.
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