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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2017-0009374,
filed on Jan. 19, 2017, and entitled, “Organic Light-Emitting
Display Apparatus,” is incorporated by reference herein in
its entirety.

BACKGROUND

1. Field

[0002] One or more embodiments described herein relate
to an organic light-emitting display apparatus.

2. Description of the Related Art

[0003] An organic light-emitting display apparatus may
include an organic light-emitting device having an organic
emission layer between a hole injection electrode and a
electron injection electrode. The organic light emitting
device is a self-emission type device that generates light
when excitons transition from an excited state to a ground
state. The excitons are generated when holes injected from
the hole injection electrode and electrons injected from the
electron injection electrode combire in the organic emission
layer.

[0004] Since an organic light-emitting display apparatus
does not require a separate light source (e.g., a backlight), it
may be driven at low voltage and may be light in weight and
thin. Also, an organic light-emitting display apparatus has
excellent characteristics (such as a viewing angle, contrast,
and response speed), and therefore has been used in MP3
players, mobile phones, televisions, and other electronic
devices.

[0005] An organic light-emitting display apparatus may
also have a wide light-emitting wavelength. Thus, emission
efficiency may decrease and color purity may deteriorate
over time. Also, since light emitted from the organic emis-
sion layer does not have certain directivity, a large amount
of photons emitted in an arbitrary direction may not reach an
actual observer, due to internal total reflection of the organic
light-emitting device. As a result, light extraction efficiency
of the organic light-emitting device may decrease.

[0006] Inan attempt to increase light efficiency, an organic
light-emitting display apparatus has been proposed that uses
a microcavity structure. However, when a resonance struc-
ture is applied to the organic light-emitting display appara-
tus, light efficiency may increase, but luminance may be
deteriorated at a side viewing angle. Also, a color shift may
be generated.

SUMMARY

[0007] In accordance with one or more embodiments, an
organic light-emitting display apparatus includes a display
panel including a main surface where an image is displayed
based on light from a plurality of pixels, wherein each of the
pixels includes: a first driver and a second driver; a first
organic light-emitting device electrically connected to the
first driver, the first organic light-emitting device including
a first pixel electrode, a first organic emission layer on the
first pixel electrode, and a first counter electrode on the first
organic emission layer; and a second organic light-emitting
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device electrically connected to the second driver, the sec-
ond organic light-emitting device including a second pixel
electrode, a second organic emission layer on the second
pixel electrode and to emit a same color light as the first
organic emission layer, and a second counter electrode on
the second organic emission layer, wherein one of the first
pixel electrode and the first counter electrode is a reflective
electrode and the other one is a semi-transmissive electrode,
and wherein one of the second pixel electrode and the
second counter electrode is a reflective electrode and the
other one is a transparent electrode.

[0008] The first counter electrode and the second counter
electrode may be reflective electrodes, the first pixel elec-
trode is a semi-transmissive electrode may include a trans-
parent conductive layer and a semi-transmissive metal layer,
and the second pixel electrode may be a transparent elec-
trode including a transparent conductive layer. The first pixel
electrode and the second pixel electrode may be reflective
electrodes, the first counter electrode may be a semi-trans-
missive electrode including a transparent conductive layer
and a semi-transmissive metal layer, and the second counter
electrode may be a transparent electrode including a trans-
parent conductive layer.

[0009] The transparent conductive layer may be shared by
the first counter electrode and the second counter electrode,
and the semi-transmissive metal layer may be in the first
counter electrode and not in the second counter electrode.
The first organic light-emitting device and the second
organic light-emitting device may be independently driven
by the first driver and the second driver, respectively.
[0010] The display apparatus may include a sensor, out-
side the display panel, to detect a location of a user; and a
controller to control turning on/off or intensity of each of the
first organic light-emitting device and the second organic
light-emitting device in each of the plurality of pixels, based
on the location of the user detected by the sensor. The
controller may include a viewing angle calculator to calcu-
late a viewing angle of the user with respect to the main
surface based on the location of the user detected by the
Sensor.

[0011] The controller may control the first and second
organic light-emitting devices such that intensity of light
emitted from the first organic light-emitting device is greater
than that from the second organic light-emitting device
when the viewing angle is above a predetermined reference
value.

[0012] The controller may control the first and second
organic light-emitting devices such that the number of first
organic light-emitting devices that are turned on is greater
than the number of second organic light-emitting devices
when the viewing angle is above a predetermined reference
value.

[0013] The display apparatus as claimed in claim 1 may
include a first lower functional layer between the first pixel
electrode and the first organic emission layer; and a second
lower functional layer between the second pixel electrode
and the second organic emission layer, wherein thicknesses
of the first lower functional layer and the second lower
functional layer are different from each other.

[0014] The display apparatus may include a first upper
functional layer between the first organic emission layer and
the first counter electrode; and a second upper functional
layer between the second organic emission layer and the
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second counter electrode, wherein thicknesses of the first
upper functional layer and the second upper functional layer
are different from each other.

[0015] In accordance with one or more other embodi-
ments, an organic light-emitting display apparatus includes
a display panel including a main surface where an image is
displayed based on light emitted from a plurality of pixels,
wherein each of the pixels includes a plurality of sub-pixels
to emit different colors of light, each of the sub-pixels
including: a first organic light-emitting device having a
resonance structure including a reflective electrode and a
semi-transmissive electrode; and a second organic light-
emitting device having a non-resonance structure including
a reflective electrode and a transparent electrode, and the
first organic light-emitting device and the second organic
light-emitting device are to be independently driven.
[0016] The first organic light-emitting device and the
second organic light-emitting device respectively may
include a first organic light emission layer and a second
organic emission layer to emit a same color light.

[0017] The display apparatus may include a sensor, out-
side the display panel, to detect a location of a user; and a
controller to control turning on/off or intensity of each of the
first organic light-emitting device and the second organic
light-emitting device in each of the plurality of sub-pixels,
based on the location of the user detected by the sensor. The
controller may include a viewing angle calculator to calcu-
late a viewing angle of the user with respect to the main
surface based on the location of the user detected by the
sensor.

[0018] The controller may control the first and second
organic light-emitting devices such that intensity of light
emitted from the first organic light-emitting device is greater
than that from the second organic light-emitting device
when the viewing angle is above a predetermined reference
value. The controller may control the first and second
organic light-emitting devices such that the number of first
organic light-emitting devices that are turned on is greater
than the number of second organic light-emitting devices
when the viewing angle is above a predetermined reference
value.

[0019] In accordance with one or more other embodi-
ments, an apparatus includes a first light emitter having a
resonance structure; and a second light emitter having a
non-resonance structure, wherein the first light emitter and
the second light emitter are to emit light of a same color. The
resonance structure may include a reflective electrode and a
semi-transmissive electrode and the non-resonance structure
may include a reflective electrode and a transparent elec-
trode. The first light emitter and the second light emitter may
be independently driven based on different signals from
different drivers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

[0021] FIG. 1 illustrates an embodiment of an organic
light-emitting display apparatus;

[0022] FIG. 2 illustrates another embodiment of an
organic light-emitting display apparatus;

[0023] FIG. 3 illustrates another embodiment of an
organic light-emitting display apparatus;
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[0024] FIG. 4 illustrates another embodiment of an
organic light-emitting display apparatus;

[0025] FIGS. 5 to 8 illustrate embodiments of pixel struc-
tures of organic light-emitting display apparatuses;

[0026] FIG. 9 illustrates an embodiment of a stacked
structure of organic light-emitting devices;

[0027] FIG. 10 illustrates an application example of an
organic light-emitting display apparatus;

[0028] FIG. 11 illustrates an embodiment of a sensor unit
and a controller; and

[0029] FIGS.12Ato 12D illustrate examples of luminance
based on viewing angles of light emitted from an organic
light-emitting display apparatus when a resonance structure
and a non-resonance have certain luminance ratio.

DETAILED DESCRIPTION

[0030] Example embodiments are described with refer-
ence to the drawings; however, they may be embodied in
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will convey exemplary implementations to
those skilled in the art. The embodiments (or portions
thereof) may be combined to form additional embodiments
[0031] In the drawings, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred
to as being “on” another layer or substrate, it can be directly
on the other layer or substrate, or intervening layers may
also be present. Further, it will be understood that when a
layer 1s referred to as being “under” another layer, it can be
directly under, and one or more intervening layers may also
be present. In addition, it will also be understood that when
a layer is referred to as being “between” two layers, it can
be the only layer between the two layers, or one or more
intervening layers may also be present. Like reference
numerals refer to like elements throughout.

[0032] When an element is referred to as being “con-
nected” or “coupled” to another element, it can be directly
connected or coupled to the another element or be indirectly
connected or coupled to the another element with one or
more intervening elements interposed therebetween. In addi-
tion, when an element is referred to as “including” a
component, this indicates that the element may further
include another component instead of excluding another
component unless there is different disclosure.

[0033] FIG. 1 illustrates an embodiment of an organic
light-emitting display apparatus 1 which includes a display
panel DP including a plurality of pixels P1. Each of the
pixels P1 includes a plurality of sub-pixels (e.g., first
through third sub-pixels SP1 through SP3) emitting different
colors of light. The organic light-emitting display apparatus
1 displays an image based on light emitted from the first to
third sub-pixels SP1 to SP3 of each of the pixels P1.
[0034] In FIG. 1, one pixel P1 including the first to third
sub-pixels SP1 to SP3 of the organic light-emitting display
apparatus 1. The pixel P1 includes the first sub-pixel SP1,
the second sub-pixel SP2, and the third sub-pixel SP3
respectively emitting red, green, and blue light. In another
embodiment, the pixel P1 may include a different number of
sub-pixels and/or the sub-pixels may emit one or more
different colors of light.

[0035] Referring to FIG. 1, the organic light-emitting
display apparatus 1 includes a first driving unit 110R, a
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second driving unit 110R’, and a first organic light-emitting
device (OLED) 120R and a second OLED 120R' respec-
tively electrically connected to the first driving unit 110R
and the second driving unit 110R". The first OLED 120R has
a resonance structure including a reflective electrode and a
semi-transmissive electrode. The second OLED 120R' has a
non-resonance structure including a reflective electrode and
a transparent electrode.

[0036] The first and second driving units 110R and 110R’
may be over a substrate 100. A buffer layer 101 may be
between the substrate 100 and the first and second driving
units 110R and 100R". The buffer layer 101 planarizes a top
surface of the substrate 100 and prevents infiltration of
impurities from the substrate 100 into the first and second
driving units 110R and 110R".

[0037] A planarization layer 102 is on the buffer layer 101
and covers the first and second driving units 110R and 110R".
The planarization layer 102 may be a single layer or multi-
layer of an inorganic material and/or an organic material.
Each of the first and second driving units 110R and 110R’
may include various devices, e.g., thin-film transistors
(TFTs) and a capacitor.

[0038] The first OLED 120R having the resonance struc-
ture and the second OLED 120R' having the non-resonance
structure are on the planarization layer 102. The first and
second OLEDs 120R and 120R' may be independently
driven respectively by the first and second driving units
110R and 110R".

[0039] The first OLED 120R includes a first pixel elec-
trode 121, a first organic emission layer 1234 on the first
pixel electrode 121, and a first counter electrode 1254 on the
first organic emission layer 123a. The first pixel electrode
121 may include a semi-transmissive electrode and the first
counter electrode 125¢ may include a reflective electrode.

[0040] According to an embodiment, the first pixel elec-
trode 121 may include a semi-transmissive metal layer 1215
and transparent conductive layers 121a and 121¢ below and
on the semi-transmissive metal layer 1215, respectively.
Each of the transparent conductive layers 121a and 121¢
may include at least one of indium tin oxide (ITO), indium
zine oxide (I1Z0), zinc oxide (Zn0), indium oxide (In,O,),
indium gallium oxide (IGO), and aluminum zinc oxide
(AZ0). The semi-transmissive metal layer 1215 may
include at least one of silver (Ag), aluminum (Al), magne-
sium (Mg), lithium (L), calcium (Ca), copper (Cu), LiF/Ca,
LiF/Al, MgAg, and CaAg. For example, the first pixel
electrode 121 may include a triple layer of ITO/Ag/ITO,
where Ag may have a thin-film form with a thickness in a
predetermined range (e.g., several to hundreds of angstrom
(A)) to show semi-transmissive characteristics.

[0041] A resonance structure may be between the first
pixel electrode 121 including the semi-transmissive elec-
trode and the first counter electrode 125¢ including the
reflective electrode. The distance between the first pixel
electrode 121 and the first counter electrode 125¢ may
satisfy a constructive interference condition, so that light
emitted from the first organic emission layer 123a may be
repeatedly reflected at the first pixel electrode 121 and the
first counter electrode 1254 to have a small half-width and
increased intensity. Light-extracting efficiency of the first
OLED 120R may be increased with such a microcavity
structure.

[0042] The second OLED 120R' may include a second
pixel electrode 122, a second organic emission layer 1235 on
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the second pixel electrode 122, and a second counter elec-
trode 1255 on the second organic emission layer 1235. The
second pixel electrode 122 may include a transparent elec-
trode, and the second counter electrode 1255 may include a
reflective electrode.

[0043] According to an embodiment, the second pixel
electrode 122 may include a transparent conductive layer
formed of, for example, ITO and may have transmittance of
about 90% or higher. Since the second pixel electrode 122
includes the transparent electrode, light emitted from the
second organic emission layer 1235 may not travel between
the second pixel electrode 122 and the second counter
electrode 1255, but may be externally emitted directly or via
the second pixel electrode 122 after reflection by the second
counter electrode 1255,

[0044] When the first sub-pixel SP1 or the pixel P1 has a
resonance structure in order to increase light-extracting
efficiency, a phenomenon in which a wavelength of light
emitted towards a front of an organic light-emitting display
apparatus and a wavelength of light emitted towards a side
of the organic light-emitting display apparatus are different
from each other due to a path difference in the resonance
structure, e.g., a color shift at a side viewing angle and
luminance deterioration may be generated.

[0045] In this regard, when the resonance structure is not
employed at all, color shift and luminance deterioration may
not occur, but light-extracting efficiency of the organic
light-emitting apparatus may largely decrease.

[0046] In the organic light-emitting display apparatus 1,
the first sub-pixel SP1 or the pixel P1 includes both the first
OLED 120R having the resonance structure and the second
OLED 120R' having the non-resonance structure. As a
result, light efficiency and viewing angle characteristics may
be adjusted in balance by driving the first and second
OLEDs 120R and 120R'. For example, by adjusting the
number and intensity of each of the first OLED 120R and the
second OLED 120R' that are turned on based on the location
of the user viewing the organic light-emitting display appa-
ratus 1, the user may view an image realized by the organic
light-emitting display apparatus 1 under an optimum con-
dition, as described below.

[0047] A pixel-defining layer 160 having a first opening
16071 exposing at least a part of the first pixel electrode 121
and a second opening 16042 exposing at least a part of the
second pixel electrode 122 may be provided on the pla-
narization layer 102. The pixel-defining layer 160 prevents
generation of an arc at edges of the first and second pixel
electrodes 121 and 122, by increasing the distances between
the edges of the first and second pixel electrodes 121 and
122 and the first and second counter electrodes 1254 and
125b. The pixel-defining layer 160 may include an organic
material, for example, polyimide or hexamethyldisiloxane
(HMDSO).

[0048] The first and second OLEDs 120R and 120R’
respectively include the first and second organic emission
layers 123a and 123b. The first and second organic emission
layers 123a and 1235 may include a material emitting the
same color of light. In FIG. 1, the first and second organic
emission layers 123a and 1234 are connected to each other.
In another embodiment, the first and second organic emis-
sion layers 123a and 1235 may be separated from each other,
but at this time as well the first and second organic emission
layers 123a and 1235 may be formed of the same material.
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[0049] Each of the first and second counter electrodes
1254 and 1255 may include a reflective electrode, and may
include at least one of Ag, Al, Mg, Li, Ca, Cu, LiF/Ca,
LiF/Al, MgAg, and CaAg having a predetermined thickness
such that reflectance is equal to or higher than a predeter-
mined percentage, e.g., 90%. The first and second counter
electrodes 1254 and 125b may be connected to each other.
For example, each of the first and second counter electrodes
125a and 12556 may be part of a common electrode com-
monly provided throughout the first to third sub-pixels SP1
through SP3.

[0050] According to an embodiment, the organic light-
emitting display apparatus 1 may include the first to third
sub-pixels SP1 through SP3 to form the pixel P1. The second
and third sub-pixels SP2 and SP3 emit different color light
from the first sub-pixel SP1 described above.

[0051] The second and third sub-pixels SP2 and SP3 may
include first OLEDs 130G and 140B having a resonance
structure and driven by first driving units 110G and 110B,
and second OLEDs 130G' and 140B' having a non-reso-
nance structure and driven by second driving units 110G’
and 110B', respectively.

[0052] The first OLEDs 130G and 140B may respectively
include first pixel electrodes 131 and 141 having transparent
conductive layers 131a, 131¢, 141a, and 141c¢, and semi-
transmissive metal layers 1315 and 1415, first organic
emission layers 133a and 143a, and first counter electrodes
135q and 145a. The second OLEDs 130G' and 140B' may
respectively include second pixel electrodes 132 and 142
including transparent conductive layers, second organic
emission layers 1335 and 1435, and second counter elec-
trodes 1355 and 1455.

[0053] The first and second OLEDs 130G and 130G' in the
second sub-pixel SP2 are independently driven. The first and
second organic emission layers 133q and 1336 may include
materials emitting the same color of light. Similarly, the first
and second OLEDs 140B and 140B' in the third sub-pixel
SP3 are independently driven, and the first and second
organic emission layers 143¢ and 1435 may include mate-
rials emitting the same color of light.

[0054] FIG. 2 illustrates a cross-sectional view of another
embodiment of an organic light-emitting display apparatus
2. Referring to FIG. 2, the organic light-emitting display
apparatus 2 may have the same structure as the organic
light-emitting display apparatus 1 of FIG. 1, except for a
pixel-defining layer 260.

[0055] The organic light-emitting display apparatus 2
includes first driving units 210R, 210G, and 210B, second
driving units 210R', 210G, and 210B', and first OLEDs
220R, 230G, 2408 and second OLEDs 220R', 230G, and
240B' respectively electrically connected to the first driving
units 210R, 210G, and 210B and second driving units 210R’,
210G", and 210B'". Each of the first OLEDs 220R, 230G, and
240B has a resonance structure including a reflective elec-
trode and a semi-transmissive electrode. Also, each of the
second OLEDs 220R', 230G, and 240B' may have a non-
resonance structure including a reflective electrode and a
transparent electrode.

[0056] For example, the first driving units 210R, 210G,
and 210B, and the second driving units 210R', 210G, and
210B' are over a substrate 200. A buffer layer 201 may be
between the substrate 200 and the first and second driving
units 210R, 210G, 210B, 210R', 210G', and 210B". A pla-
narization layer 202 may be on the buffer layer 201 and
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covers the first driving units 210R, 210G, and 210B and the
second driving units 210R', 210G', and 210B".

[0057] The first OLEDs 220R, 230G, and 240B include
first pixel electrodes 221, 231, and 241, first organic emis-
sion layers 223a, 2334, and 2434 on the first pixel electrodes
221, 231, and 241, and first counter electrodes 225a, 235a,
and 245q on the first organic emission layers 223q, 2334,
and 243a. According to an embodiment, the first pixel
electrodes 221, 231, and 241 may include semi-transmissive
metal layers 2215, 2315, and 2415 and transparent conduc-
tive layers 221a, 221¢, 2314, 231¢, 2414, and 241¢ provided
below and on the semi-transmissive metal layers 2215,
231b, and 2415, respectively.

[0058] The second OLEDs 220R', 230G', and 240B'
include second pixel electrodes 222, 232, and 242, second
organic emission layers 2235, 2335, and 2435 on the second
pixel electrodes 222, 232, and 242, and second counter
electrodes 2255, 2355, and 245h on the second organic
emission layers 2235, 2335, and 2435.

[0059] The pixel-defining layer 260 has an opening 260/
simultaneously exposing the first pixel electrode 221 and the
second pixel electrode 222, and may be on the planarization
layer 202. For example, the pixel-defining layer 160 of the
organic light-emitting display apparatus 1 of FIG. 1 may
have the first and second openings 160%1 and 160%2 respec-
tively exposing the first and second pixel electrodes 121 and
122 in regions corresponding to the first sub-pixel SP1.
However, the pixel-defining layer 260 of the organic light-
emitting display apparatus 2 of FIG. 2 may only have one
opening 260/ simultaneously exposing the first and second
pixel electrodes 221 and 222 in a region corresponding to
one sub-pixel.

[0060] The pixel-defining layer 260 having the opening
260/ may define one sub-pixel region. For example, the first
OLED 220R having a resonance structure and the second
OLED 220R' having a non-resonance structure may both be
in the opening 260/.

[0061] The organic light-emitting display apparatuses 1
and 2 of FIGS. 1 and 2 may be bottom-emission type organic
light-emitting display apparatuses, in which an image is
displayed towards the substrates 100 and 200. Organic
light-emitting display apparatuses 3 and 4 that are top-
emission type organic light-emitting display apparatuses, in
which an image is displayed towards first counter electrodes
3254 and 4254 and second counter electrodes 3256 and
425b, will be described.

[0062] FIG. 3 illustrates a cross-sectional view of another
embodiment of an organic light-emitting display apparatus
3. Referring to FIG. 3, the organic light-emitting display
apparatus 3 includes a first driving unit 310R, a second
driving unit 310R’, and first and second OLEDs 230R and
230R' respectively electrically connected to the first driving
unit 310R and the second driving unit 310R'. The first OLED
230R has a resonance structure including a reflective elec-
trode and a semi-transmissive electrode. The second OLED
230R' has a non-resonance structure including a reflective
electrode and a transparent electrode.

[0063] For example, the first and second driving units
310R and 310R' are over a substrate 300, and a buffer layer
301 may be between the substrate 300 and the first and
second driving units 310R and 310R'. A planarization layer
302 covering the first and second driving units 310R and
310R' may be on the buffer layer 301.
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[0064] The first OLED 320R having a resonance structure
and the second OLED 320R' having a non-resonance struc-
ture may be on the planarization layer 302. The first and
second OLEDs 320R and 320R' may be independently
driven by the first and second driving units 310R and 310R',
respectively.

[0065] The first OLED 320R includes a first pixel elec-
trode 321, a first organic emission layer 3234 on the first
pixel electrode 321, and the first counter electrode 3254 on
the first organic emission layer 323a. The first pixel elec-
trode 321 may include a reflective electrode and the first
counter electrode 325¢ may include a semi-transmissive
electrode.

[0066] According to an embodiment, the first pixel elec-
trode 321 may include a reflective conductive layer includ-
ing at least one of Ag, Al, Mg, Li, Ca, Cu, LiF/Ca, LiF/Al,
MgAg, and CaAg, and may further include a transparent
conductive layer provided on and/or below the reflective
conductive layer. For example, the first pixel electrode 321
may include a triple layer of ITO/Ag/ITO. The reflective
conductive layer may have a predetermined thickness to
have a predetermined reflectance, e.g., about 90% or higher.

[0067] According to an embodiment, the first counter
electrode 325a may include a transparent may include a
transparent conductive layer 32541 and a semi-transmissive
metal layer 325¢2 on the transparent conductive layer
325q1. In FIG. 3, the semi-transmissive metal layer 32542
is over the transparent conductive layer 32541, but may be
below the transparent conductive layer 32541 in one
embodiment.

[0068] A resonance structure may be between the first
pixel electrode 321 including a reflective electrode and the
second counter electrode 325a including a semi-transmis-
sive electrode. The distance between the first pixel electrode
321 and the first counter electrode 3254 may satisfy a
constructive interference condition, so that light emitted
from the first organic emission layer 323a may be repeatedly
reflected at the first pixel electrode 321 and the first counter
electrode 3254 to have a small half-width and increased
intensity. Light-extracting efficiency of the first OLED 320R
may be increased with such a microcavity structure.

[0069] The second OLED 320R' may include a second
pixel electrode 322, a second organic emission layer 32354 on
the second pixel electrode 322, and the second counter
electrode 3256 on the second organic emission layer 3235.
The second pixel electrode 322 may include a reflective
electrode and the second counter electrode 3256 may
include a transparent electrode. According to an embodi-
ment, the first pixel electrode 322 may have the same
structure as the first pixel electrode 321.

[0070] The second counter electrode 3256 may include a
transparent conductive layer, which may be a layer shared by
the first and second OLEDs 320R and 320R', and may be
provided to be shared by the first and second counter
electrodes 325q¢ and 325b. The semi-transmissive metal
layer 32542 may only be in the first counter electrode 325a.

[0071] Since the second counter electrode 3255 includes
the transparent electrode, light emitted from the second
organic emission layer 3235 may not travel between the
second pixel electrode 322 and the second counter electrode
325h, but may be externally emitted directly or via the
second counter electrode 3255 after reflection by the second
pixel electrode 322.
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[0072] In the organic light-emitting display apparatus 3,
the first sub-pixel SP1 or the pixel P1 includes both the first
OLED 320R having a resonance structure and the second
OLED 320R' having a non-resonance structure. Light effi-
ciency and viewing angle characteristics may be adjusted in
balance by driving each of the first and second OLEDs 320R
and 320R".

[0073] A pixel-defining layer 360 having a first opening
36041 exposing at least a part of the first pixel electrode 321
and a second opening 36042 exposing at least a part of the
second pixel electrode 322 may be on the planarization layer
302. The pixel-defining layer 360 prevents generation of an
arc at edges of the first and second pixel electrodes 321 and
322, by increasing the distances between the edges of the
first and second pixel electrodes 321 and 322 and the first
and second counter electrodes 3254 and 325b. The pixel-
defining layer 360 may be include an organic material, e.g.,
polyimide or HMDSO.

[0074] The first and second OLEDs 320R and 320R’
respectively include the first and second organic emission
layers 323a and 323b. The first and second organic emission
layers 323a and 3235 may include a material emitting the
same color of light.

[0075] According to an embodiment, the organic light-
emitting display apparatus 3 may include the first through
third sub-pixels SP1 to SP3 to form the pixel P1. The second
and third sub-pixels SP2 and SP3 emit different colors of
light from the first sub-pixel SP1 described above.

[0076] The second and third sub-pixels SP2 and SP3 may
include first OLEDs 310G and 310B having a resonance
structure and driven by first driving units 310G and 310B,
and second OLEDs 330G' and 340B' having a non-reso-
nance structure and driven by second driving units 310G’
and 310B".

[0077] The first OLEDs 330G and 340B may include first
pixel electrodes 331 and 341 including reflective electrodes,
first organic emission layers 333 and 3434, and first counter
electrodes 335a and 345« including transparent conductive
layers 33541 and 34541 and semi-transmissive metal layers
33542 and 34542. The second OLEDs 330G' and 340B' may
include second pixel electrodes 332 and 342 including
reflective electrodes, second organic emission layers 3335
and 3435, and second counter electrodes 3355 and 3456
including transparent electrodes.

[0078] The first and second OLEDs 330G and 330G' in the
second sub-pixel SP2 are independently driven, and the first
and second organic emission layers 333a and 3335 may
include materials emitting the same color of light. Similarly,
the first and second OLEDs 340B and 340B' in the third
sub-pixel SP3 are independently driven, and the first and
second organic emission layers 343a and 3435 may include
materials emitting the same color of light.

[0079] FIG. 4 illustrates a cross-sectional view of another
embodiment of an organic light-emitting display apparatus
4. Referring to FIG. 4, the organic light-emitting display
apparatus 4 may have the same structure as the organic
light-emitting display apparatus 3 of FIG. 3, except for a
pixel-defining layer 460.

[0080] The organic light-emitting display apparatus 4
includes first driving units 410R, 410G, and 410B, second
driving units 410R’, 410G', and 410B', and first OLEDs
420R, 430G, and 440B and the second OLEDs 420R',
430G, and 440B' respectively electrically connected to the
first driving units 410R, 410G, and 410B and the second
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driving units 410R’, 410G, and 410B'. Each of first OLEDs
420R, 430G, and 440B may have a resonance structure
including a reflective electrode and a semi-transmissive
electrode. Each of the second OLEDs 420R', 430G', and
440B' may have a non-resonance structure including a
reflective electrode and a transparent electrode.

[0081] For example, the first driving units 410R, 410G,
and 410B and the second driving units 410R’, 410G, and
410B' are over a substrate 400, and a buffer layer 401 may
be between the substrate 400 and the first and second driving
units 410R, 410G, 410B, 410R', 410G', and 410B'". A pla-
narization layer 402 covering the first and second driving
units 410R, 410G, 410B, 410R', 410G, and 410B' may be on
the buffer layer 401.

[0082] The first OLEDs 420R, 430G, and 440B include
first pixel electrode 421, 431, and 441, first organic emission
layers 423a, 433a, and 443a on the first pixel electrodes 421,
431, and 441, and first counter electrodes 425a, 435a, and
445a on the first organic emission layers 423a, 4334, and
443a. According to an embodiment, each of the first pixel
electrodes 421, 431, and 441 includes a reflective conductive
layer. Each of the first counter electrodes 425a, 4354, and
445a may include conductive layers 425a,1, 43541, 445a1
and semi-transmissive metal layers 42542, 43542, and
445a2.

[0083] The second OLEDs 420R', 430G', and 440B'
include second pixel electrodes 422, 432, and 442, second
organic emission layers 4235, 4335, and 4435 on the second
pixel electrodes 422, 432, and 442, and second counter
electrodes 4255, 435b, and 445b on the second organic
emission layers 4235, 4335, and 4435.

[0084] The pixel-defining layer 460 has an opening 460/
for simultaneously exposing a first pixel electrode 421 and
a second pixel electrode 422. The pixel-defining layer 460
may be on the planarization layer 402. For example, the
pixel-defining layer 360 of the organic light-emitting display
apparatus 3 of FIG. 3 may include the first and second
openings 36071 and 360/2 that respectively expose the first
and second pixel electrodes 321 and 322 at a region corre-
sponding to one sub-pixel. However, the pixel-defining layer
460 of the organic light-emitting display apparatus 4 of FIG.
4 may include only one opening 460/ for simultaneously
exposing the first and second pixel electrodes 421 and 422
at a region corresponding to one sub-pixel.

[0085] The pixel-defining-layer 460 having the opening
460/ may define one sub-pixel region. For example, the first
OLED 420R having a resonance structure and the second
OLED 420R' having a non-resonance structure may both be
in the opening 460%.

[0086] FIGS. 5 to 8 are plan views illustrating embodi-
ments of pixel structures of organic light-emitting display
apparatuses 5 to 8. The organic light-emitting display appa-
ratuses 5 and 6 of FIGS. 5 and 6 include the plurality of
pixels P1, each of which include the first sub-pixel SP1, the
second sub-pixel SP2, and the third sub-pixel SP3 emitting
different color lights. The first through third sub-pixels SP1
through SP3 may respectively emit red, green, and blue
light. The first through third sub-pixels SP1 to SP3 may emit
other colors of light. The pixels P1 in the organic light-
emitting display apparatuses 5 and 6 may have a stripe pixel
structure.

[0087] Referring to FIG. 5, each of the first to third
sub-pixels SP1 to SP3 may include first OLEDs 520R,
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530G, and 540B having a resonance structure and second
OLEDs 520R', 530G', and 540B' having a non-resonance
structure.

[0088] The pixels P1 are arranged in a matrix form. In one
pixel P1, the first to third sub-pixels SP1 to SP3 may be
arranged along a first direction, e.g., an x-axis direction. The
first OLEDs 520R, 530G, and 540B and the second OLEDs
520R', 530G, and 540B' in each of the first to third sub-
pixels SP1 to SP3 may be arranged along a second direction
(e.g., a y-axis direction) perpendicular to the first direction.
[0089] Referring to FIG. 6, each of the first to third
sub-pixels SP1 to SP3 includes first OLEDs 620R, 630G,
and 640B having a resonance structure and second OLEDs
620R", 630G", and 640B' having a non-resonance structure.
[0090] The pixels P are arranged in a matrix form. In one
pixel P1, the first and second sub-pixels SP1 and SP2 may
be arranged along the second direction, e.g., the y-axis
direction. The third sub-pixel SP3 may be arranged in a
region adjacent to the first and second sub-pixels SP1 and
SP2 in the first direction, e.g., the x-axis direction. The first
and second OLEDs 620R and 620R' in the first sub-pixel
SP1 may be arranged along the first direction. The first and
second OLEDs 620G and 620G" in the second sub-pixel SP2
may be arranged along the first direction. The first and
second OLEDs 640B and 640B' in the third sub-pixel SP3
may be arranged along the second direction.

[0091] The organic light-emitting display apparatuses 7
and 8 of FIGS. 7 and 8 include the pixels P1, each of which
may include the first to third sub-pixels SP1 to SP3 emitting
different colors of light, and which may further include a
fourth sub-pixel SP4 emitting the same color light as the
second sub-pixel SP2. The organic light-emitting display
apparatuses 7 and 8 may have, for example, a pentile pixel
structure.

[0092] Referring to FIG. 7, each of the first to fourth
sub-pixels SP1 to SP4 includes first OLEDs 720R, 730G,
740B, and 750G having a resonance structure and second
OLEDs 720R', 730G, 740B', and 750G' having a non-
resonance structure.

[0093] The first to fourth sub-pixels SP1 to SP4 are
arranged along the first direction, e.g., the x-axis direction.
The first and third sub-pixels SP1 and SP3 and the second
and fourth sub-pixels SP2 and SP4 may be arranged in
different rows. For example, the second sub-pixel SP2 may
be spaced apart from the first sub-pixel SP1 at a predeter-
mined interval not only in the first direction, but also in the
second direction, e.g., the y-axis direction. Similarly, the
fourth sub-pixel SP4 may be spaced apart from the third
sub-pixel SP3 at a predetermined interval not only in the first
direction but also in the second direction.

[0094] Referring to FIG. 8, each of the first to fourth
sub-pixels SP1 to SP4 include first OLEDs 820R, 830G,
840B, and 850G having a resonance structure and second
OLEDs 820R' 830G', 840B', and 850G' having a non-
resonance structure.

[0095] The first to fourth sub-pixels SP1 to SP4 may be
arranged along the first direction, e.g., the x-axis direction.
Another pixel adjacent to the pixel P1 in the second direction
(e.g., the y-axis direction) may include a third sub-pixel, a
fourth sub-pixel, a first sub-pixel, and a second sub-pixel
sequentially along the first direction.

[0096] According to an embodiment, the organic light-
emitting display apparatuses 5 to 8 of FIGS. 5 to 8 may have
the same or similar structure as those shown in FIGS. 1 to
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4. In one embodiment, when each of a plurality of sub-pixels
has a structure in which an OLED having a resonance
structure and an OLED having a non-resonance structure are
mixed, cross-sections of the organic light-emitting display
apparatuses 5 to 8 of FIGS. 5 to 8 may have various forms.
[0097] FIG. 9 illustrates a cross-sectional view of an
embodiment of a stacked structure of OLEDs in an organic
light-emitting display apparatus 9. Referring to FIG. 9, the
organic light-emitting display apparatus 9 may include the
pixel P1 having the first to third sub-pixels SP1 to SP3. The
first sub-pixel SP1 may include a first OLED 920R having
a resonance structure and a second OLED 920R' having a
non-resonance structure.

[0098] The first OLED 920R may include a first pixel
electrode 921 including a semi-transmissive electrode, a first
organic emission layer 923a on the first pixel electrode 921,
and a first counter electrode 9254 on the first organic
emission layer 923a and including a reflective electrode. The
second OLED 920R' may include a second pixel electrode
922 including a transparent electrode, a second organic
emission layer 9235 on the second pixel electrode 922, and
a second counter electrode 9255 on the second organic
emission layer 9235 and including a reflective electrode.
[0099] A first lower functional layer 927a may be between
the first pixel electrode 921 and the first organic emission
layer 923a. A second lower functional layer 9275 may be
between the second pixel electrode 922 and the second
organic emission layer 92356. The first and second lower
functional layers 9274 and 927b may be, for example, a hole
injection layer and/or a hole transport layer.

[0100] According to an embodiment, the thickness t1 of
the first lower functional layer 927a may be different from
the thickness 12 of the second lower functional layer 9275.
The first OLED 920R is set such that the distance between
the first pixel electrode 921 and the first counter electrode
925a satisfies a constructive interference condition, so as to
increase light-extracting efficiency. The thickness t of the
first lower functional layer 927a (e.g., the thickness of the
hole injection layer, the hole transport layer, and/or another
functional layer) may be adjusted to form a resonance
structure between the first pixel electrode 921 and the first
counter electrode 925a.

[0101] Since the second OLED 920R' does not include a
resonance structure, the thickness t2 of the second lower
functional layer 9275 may not be adjusted together with the
thickness t1 of the first lower functional layer 927a. For
example, the thickness 12 of the second lower functional
layer 9275 may be arbitrarily set while considering a process
condition and a function-enhancing condition.

[0102] A first upper functional layer 929a may be between
the first organic emission layer 9234 and the first counter
electrode 9254. A second upper functional layer 9295 may
be between the second organic emission layer 9235 and the
second counter electrode 925b. For example, the first and
second upper functional layers 929a and 9295 may be an
electron injection layer and/or an electron transport layer.
[0103] According to an embodiment, the thickness t3 of
the first upper functional layer 929a may be different from
a thickness t4 of the second upper functional layer 9295. The
first OLED 920R is set such that the distance between the
first pixel electrode 921 and the first counter electrode 9254
satisfies a constructive interference condition, so as to
increase light-extracting efficiency. The thickness t3 of the
first lower functional layer 929a (e.g., the thickness of the

Jul. 19,2018

electron injection layer, the electron transport layer, and/or
another functional layer) may be adjusted such that a reso-
nance structure is between the first pixel electrode 921 and
the first counter electrode 925a.

[0104] Since the second OLED 920R' does not include a
resonance structure, the thickness t4 of the second lower
functional layer 9295 may not be adjusted together with the
thickness t3 of the first lower functional layer 9294. For
example, the thickness t4 of the second lower functional
layer 9295 may be arbitrarily set while considering a process
condition and a function-enhancing condition.

[0105] The organic light-emitting display apparatus 9 fur-
ther includes the second and third sub-pixels SP2 and SP3,
each of which includes first OLEDs 930G and 940B having
a resonance structure and second OLEDs 930G' and 940B'
having a non-resonance structure. Each of the first OLEDs
930G and 940B may include first pixel electrodes 931 and
941, first organic emission layers 933a and 943a, and first
counter electrodes 935¢ and 945a. Each of the second
OLEDs 930G' and 940B' may include second pixel elec-
trodes 932 and 942, second organic emission layers 9335
and 9435, and second counter electrodes 9356 and 9456.
[0106] A first lower functional layer 937a and 947a may
be between the first pixel electrodes 931 and 941 and the first
organic emission layers 933a and 943a. A first upper func-
tional layers 939a and 949a may be between the first organic
emission layers 933a and 9434 and the first counter elec-
trodes 935a and 945a. Second lower function layers 9375
and 947H may be between the second pixel electrodes 932
and 942 and the second organic emission layers 9335 and
943b. Second upper functional layers 9394 and 9395 may be
between the second organic emission layers 9335 and 9435
and the second counter electrodes 9355 and 9455.

[0107] According to an embodiment, the thickness of the
first lower functional layers 9374 and 9474 may be different
from the thickness of the second lower functional layers
937b and 947b, and the thickness of the first upper func-
tional layers 939a and 9492 may be different from the
thickness of the second upper functional layers 9396 and
9495.

[0108] Also, since the first to third sub-pixels SP1 to SP3
emit different colors of light, the distance between the first
pixel electrode 921 and the first counter electrodes 925a of
the first sub-pixel SP1, the distance between the first pixel
electrode 931 and the first counter electrode 9354 of the
second sub-pixel SP1, and the distance between the first
pixel electrode 941 and the first counter electrode 9454 of
the third sub-pixel SP3 may be different from each other
according to a wavelength of light to be externally emitted.
[0109] FIG. 10 illustrates an application example of an
organic light-emitting display apparatus 10 according to an
embodiment. FIG. 11 illustrates an embodiment of a sensor
unit 11 and a controller 12, which, for example, may be
included in FIG. 10. FIGS. 12A through 12D are examples
of graphs of luminance based on viewing angles of light
emitted from an organic light-emitting display apparatus
when a resonance structure and a non-resonance have cer-
tain luminance ratio.

[0110] Referring to FIGS. 10 and 11, the organic light-
emitting display apparatus 10 includes the display panel DP
including a main surface MS with the pixels P1 of FIG. 1 for
displaying an image. Each of the pixels P1 includes the first
to third sub-pixels SP1 to SP3 emitting different colors of
light. Each of the first to third sub-pixels SP1 to SP3 includes
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the first OLED 120R of FIG. 1 having a resonance structure
including a reflective electrode and a semi-transmissive
electrode and the second OLED 120R' of FIG. 1 having a
non-resonance structure including a reflective electrode and
a transparent electrode. The first and second OLEDs 120R
and 120R' are independently driven.

[0111] The organic light-emitting display apparatus 10
may further include the sensor unit 11, located outside the
display panel DP, for detecting locations of first to fourth
users U1 to U4. The controller 12 controls turning on/off or
intensity of the first and second OLEDs 120R and 120R' in
each of the first to third sub-pixels SP1 to SP3 based on
locations of the first to fourth users U1 to U4 detected by the
sensor unit 11.

[0112] The organic light-emitting display apparatus 10
includes a bezel BZ surrounding the display panel DP. In one
embodiment, the viewing angle of a normal direction of the
main surface MS may be 90° when the viewing angle of a
direction parallel to a virtual line IL in the main surface MS
of the display panel DP is 0°.

[0113] The controller 12 may include a viewing angle
calculator 12a for calculating the viewing angle of the first
to fourth users U1 to U4 with respect to the main surface MS
based on the locations of the first to fourth users Ul to U4
detected by the sensor unit 11.

[0114] For example, when the first user U1 is looking at
the organic light-emitting display apparatus 10, the sensor
unit 11 detects the location of the first user Ul and the
viewing angle calculator 12a calculates a first angle 61 as a
viewing angle based on the detected location of the first user
U1. Similarly, the viewing angle calculator 12a may calcu-
late a second angle 62 as a viewing angle based on the
location of the second user U2, calculate a third angle 83 as
a viewing angle based on the location of the fourth user U4,
and calculate 90° as a viewing angle based on the location
of the third user U3.

[0115] The controller 12 may control turning on/off and/or
intensity of each of the first and second OLEDs 120R and
120R' based on the calculated viewing angles.

[0116] FIG. 12A illustrates an example of a graph of
luminance of light based on viewing angles when one pixel
or sub-pixel includes only an OLED having a non-resonance
structure or only an OLED having a resonance structure.
[0117] Referring to the graph of FIG. 12A, when an
organic light-emitting display apparatus includes only an
OLED having a non-resonance structure, a change in lumi-
nance based on the viewing angles is not large, but the
luminance in the normal direction (90°) is relatively small
compared to when an organic light-emitting display appa-
ratus includes only an OLED having a resonance structure.
The vertical axis of the graph indicates luminance in arbi-
trary units. When the organic light-emitting display appara-
tus includes only the OLED having a non-resonance struc-
ture, the luminance in the normal direction is normalized to
L.

[0118] For example, when the organic light-emitting dis-
play apparatus only includes the OLED having a resonance
structure, the luminance in the normal direction may be
about 1.4 times of that when the organic light-emitting
display apparatus only includes the OLED having a non-
resonance structure. However, luminance may rapidly
decrease when the viewing angle decreases. FIG. 12A
additionally illustrates a plot line, in which luminance based
on viewing angles is normalized to 1 in the normal direction
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when the organic light-emitting display apparatus only
includes the OLED having a resonance structure.

[0119] The horizontal axis of FIG. 12A indicates a view-
ing angle in arbitrary units, where a point indicated by 0 is
a point where the normal direction (e.g., the viewing angle)
is 90°. The viewing angle decreases as the number on the
horizontal axis increases. In FIG. 12A, the luminance ratio
at the viewing angle of 30° with respect to the luminance in
the normal direction may be about 42%.

[0120] FIG. 12B illustrates an example of a graph of
luminance according to viewing angles of each OLED and
according to viewing angles of both OLEDs, where the
luminance of an OLED having a resonance structure is
adjusted to 90% and luminance of an OLED having a
non-resonance structure is adjusted to 10%. In FIG. 12B, the
luminance ratio at a viewing angle of 30° with respect to
luminance in a normal direction may be about 48%.
[0121] FIG. 12C illustrates an example of a graph of
luminance according to viewing angles of each OLED and
according to viewing angles of both OLEDs, where the
luminance of an OLED having a resonance structure is
adjusted to 30% and luminance of an OLED having a
non-resonance structure is adjusted to 70%. In FIG. 12C, the
luminance ratio at a viewing angle of 30° with respect to
luminance in a normal direction may be about 83%.
[0122] FIG. 12D illustrates an example of a graph of
luminance according to viewing angle of each OLED and
according to viewing angles of both OLEDs, where the
luminance of an OLED having a resonance structure is
adjusted to 20% and luminance of an OLED having a
non-resonance structure is adjusted to 80%. In FIG. 12B, a
luminance ratio at a viewing angle of 30° with respect to
luminance in a normal direction may be about 88%.
[0123] As shown in the graphs of FIGS. 12B to 12D, the
luminance according to viewing angles decreases when the
luminance ratio of the OLED having a non-resonance struc-
ture increases, Meanwhile, in FIGS. 12B to 12D, the lumi-
nance in the normal direction is normalized to 1 when the
luminance of the OLED having a resonance structure and
the luminance of the OLED having a non-resonance struc-
ture are added. Under some circumstances, the luminance in
the normal direction may increase when a rate of the OLED
having a resonance structure increases.

[0124] The luminance ratio of the first OLED 120R having
a resonance structure and the second OLED 120R' having a
non-resonance structure may be adjusted by adjusting the
numbers of first and second OLEDs 120R and 120R' in each
of the pixels or sub-pixels. Also, the luminance ratio may be
adjusted by adjusting the intensity of the first OLED 120R
and the intensity of the second OLED 120R'. The luminance
ratio may be adjusted by adjusting both of the numbers and
intensities. Such adjustment is possible because the first and
second OLEDs 120R and 120R' are independently driven.
[0125] For example, when the third user U3 of FIG. 10 is
looking at the organic light-emitting display apparatus 10,
the luminance of the first OLED 120R having a resonance
structure may be increased as shown in FIG. 12B. And,
when the first user Ul is looking at the organic light-emitting
display apparatus 10, the luminance of the second OLED
120R" having a non-resonance structure may be increased as
shown in FIG. 12D.

[0126] For example, the controller 12 may control the first
and second OLEDs 120R and 120R' such that the intensity
of light emitted from the first OLED 120R is greater than
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that from the second OLED 120R' when the viewing angle
is high, e.g., above a predetermined reference value. Also,
the controller 12 may control the first and second OLEDs
120R and 120R' such that the number of second OLED
120R' turned on is greater than that of the first OLED 120R
turned on when the viewing angle is high, e.g., above a
predetermined reference value.

[0127] In accordance with one or more of the aforemen-
tioned embodiments, an organic light-emitting display appa-
ratus may have low luminance deterioration based on view-
ing angles and low color shift because one pixel or sub-pixel
includes both resonance and non-resonance structures. Also,
an image in an optimized state may be displayed to a user by
variously adjusting a ratio of luminance of light emitted
from a resonance structure and luminance of light emitted
from a non-resonance structure based on viewing angles of
the user.

[0128] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of skill in the art as of the filing
of the present application, features, characteristics, and/or
elements described in connection with a particular embodi-
ment may be used singly or in combination with features,
characteristics, and/or elements described in connection
with other embodiments unless otherwise indicated. Accord-
ingly, various changes in form and details may be made
without departing from the spirit and scope of the embodi-
ments set forth in the claims.

What is claimed is:

1. An organic light-emitting display apparatus, compris-

ing:

a display panel including a main surface where an image
is displayed based on light from a plurality of pixels,
wherein each of the pixels includes:

a first driver and a second driver;

a first organic light-emitting device electrically connected
to the first driver, the first organic light-emitting device
including a first pixel electrode, a first organic emission
layer on the first pixel electrode, and a first counter
electrode on the first organic emission layer; and

a second organic light-emitting device electrically con-
nected to the second driver, the second organic light-
emitting device including a second pixel electrode, a
second organic emission layer on the second pixel
electrode and to emit a same color light as the first
organic emission layer, and a second counter electrode
on the second organic emission layer, wherein one of
the first pixel electrode and the first counter electrode is
a reflective electrode and the other one is a semi-
transmissive electrode, and wherein one of the second
pixel electrode and the second counter electrode is a
reflective electrode and the other one is a transparent
electrode.

2. The display apparatus as claimed in claim 1, wherein:

the first counter electrode and the second counter elec-
trode are reflective electrodes,

the first pixel electrode is a semi-transmissive electrode
including a transparent conductive layer and a semi-
transmissive metal layer, and

the second pixel electrode is a transparent electrode
including a transparent conductive layer.
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3. The display apparatus as claimed in claim 1, wherein:

the first pixel electrode and the second pixel electrode are

reflective electrodes,

the first counter electrode is a semi-transmissive electrode

including a transparent conductive layer and a semi-
transmissive metal layer, and

the second counter electrode is a transparent electrode

including a transparent conductive layer.

4. The display apparatus as claimed in claim 3, wherein:

the transparent conductive layer is shared by the first

counter electrode and the second counter electrode, and
the semi-transmissive metal layer is in the first counter
electrode and not in the second counter electrode.
5. The display apparatus as claimed in claim 1, wherein
the first organic light-emitting device and the second organic
light-emitting device are to be independently driven by the
first driver and the second driver, respectively.
6. The display apparatus as claimed in claim 1, further
comprising:
a sensor, outside the display panel, to detect a location of
a user; and

a controller to control turning on/off or intensity of each
of the first organic light-emitting device and the second
organic light-emitting device in each of the plurality of
pixels, based on the location of the user detected by the
sensor.

7. The display apparatus as claimed in claim 6, wherein
the controller includes a viewing angle calculator to calcu-
late a viewing angle of the user with respect to the main
surface based on the location of the user detected by the
Sensor.

8. The display apparatus as claimed in claim 7, wherein
the controller is to control the first and second organic
light-emitting devices such that intensity of light emitted
from the first organic light-emitting device is greater than
that from the second organic light-emitting device when the
viewing angle is above a predetermined reference value.

9. The display apparatus as claimed in claim 7, wherein
the controller is to control the first and second organic
light-emitting devices such that a number of first organic
light-emitting devices that are turned on is greater than a
number of second organic light-emitting devices when the
viewing angle is above a predetermined reference value.

10. The display apparatus as claimed in claim 1, further
comprising:

a first lower functional layer between the first pixel

electrode and the first organic emission layer; and

a second lower functional layer between the second pixel

electrode and the second organic emission layer,
wherein thicknesses of the first lower functional layer
and the second lower functional layer are different from
each other.

11. The display apparatus as claimed in claim 1, further
comprising:

a first upper functional layer between the first organic

emission layer and the first counter electrode; and

a second upper functional layer between the second

organic emission layer and the second counter elec-
trode, wherein thicknesses of the first upper functional
layer and the second upper functional layer are different
from each other.

12. An organic light-emitting display apparatus, compris-
ing:
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a display panel including a main surface where an image
is displayed based on light emitted from a plurality of
pixels, wherein each of the pixels includes a plurality of
sub-pixels to emit different colors of light, each of the
sub-pixels including:

a first organic light-emitting device having a resonance

structure including a reflective electrode and a semi-

transmissive electrode; and

second organic light-emitting device having a non-

resonance structure including a reflective electrode and

a transparent electrode, and
the first organic light-emitting device and the second

organic light-emitting device are to be independently
driven.
13. The display apparatus as claimed in claim 12, wherein
the first organic light-emitting device and the second organic
light-emitting device respectively include a first organic
light emission layer and a second organic emission layer to
emit a same color light.
14. The display apparatus as claimed in claim 12, further
comptising:
a sensor, outside the display panel, to detect a location of
a user; and

a controller to control turning on/off or intensity of each
of the first organic light-emitting device and the second
organic light-emitting device in each of the plurality of
sub-pixels, based on the location of the user detected by
the sensor.

15. The display apparatus as claimed in claim 14, wherein
the controller includes a viewing angle calculator to calcu-
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late a viewing angle of the user with respect to the main
surface based on the location of the user detected by the
Sensor.

16. The display apparatus as claimed in claim 15, wherein
the controller is to control the first and second organic
light-emitting devices such that intensity of light emitted
from the first organic light-emitting device is greater than
that from the second organic light-emitting device when the
viewing angle is above a predetermined reference value.

17. The display apparatus as claimed in claim 15, wherein
the controller is to control the first and second organic
light-emitting devices such that a number of first organic
light-emitting devices that are turned on is greater than a
number of second organic light-emitting devices when the
viewing angle is above a predetermined reference value.

18. An apparatus, comprising:

a first light emitter having a resonance structure; and

a second light emitter having a non-resonance structure,

wherein the first light emitter and the second light emitter

are to emit light of a same color.

19. The apparatus as claimed in claim 18, wherein:

the resonance structure includes a reflective electrode and

a semi-transmissive electrode and

the non-resonance structure includes a reflective electrode

and a transparent electrode.

20. The apparatus as claimed in claim 19, wherein the first
light emitter and the second light emitter are to be indepen-
dently driven based on different signals from different driv-
ers.
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