US 20140077185A1

a9y United States
12) Patent Application Publication (o) Pub. No.: US 2014/0077185 Al
(43) Pub. Date: Mar. 20, 2014

LEE et al.
(54) ORGANIC LIGHT EMITTING DISPLAY Publication Classification
(71) Applicant: Samsung display Co., Ltd, Yongin-City (51) Imt.ClL
(KR) HOIL 51/52 (2006.01)
(52) US.CL
(72) Inventors: Sung-Soo LEE, Suwon-si (KR); Se Il CPC oo HOIL 51/5275 (2013.01)
KIM, Hwaseong-si (KR); Eun Kyoung L) OO 257/40
NAM, Suwon-si (KR); Sang Eok
JANG, Seoul (KR) (57 ABSTRACT
An organic light emitting display includes an array substrate,

(73) Assignee: Samsung display Co., Ltd, Yongin-City - - 5 A 3
(KR) a plurality of light emitting devices dlspose;d over the array
substrate, and a plurality of color filters having different col-
(21) Appl. No.: 13/960,712 ors. The plurality of light emitting devices include a first light
emitting device configured to emit light having a first color
and a second light emitting device configured to emit light
having a second color different from the first color, and the
plurality of color filters include first and second color filters

(22) Filed: Aug. 6, 2013
(30) Foreign Application Priority Data
disposed over the first light emitting device and the second
Sep. 19,2012 (KR) o 10-2012-0104131 light emitting device, respectively.
i !
i i
) )
i 4 i
f / ;’
i [ 3108 ! | [3108
! I ]
! I Il
| f |
] ,' 1]
[ ] 250 ] [ ] 250
! [ |
[[] 20 =S
! !
/ [ a0 /
) !
W] [ 20
[ [ 11
\ . |
' 220 | | 4]
T L]
N V) 220
210 210 210
2008 200C

200A



US 2014/0077185 A1

Mar. 20,2014 Sheet 1 of 7

Patent Application Publication

Fig. 1

[0

/

%
200C

%
2008

N
00A



US 2014/0077185 A1

Mar. 20,2014 Sheet 2 of 7

Patent Application Publication

141
A ’
GoL OvL OcZl 19 0002 9002 V00c

[ _
AR

\
\

L /
NANNN
=)

M o= V =
—_——— J—._||_|||u||||||.|||| | ...nl.\:_y_wll_lll_ ||||||||| _| ||||| _._.||__H||__||||||.|||

—_———————}

|
] ] ] f "
_ I - ! j " — _
i L L , | , |
| (V4N | A | YA |
| 401 L2 €12 Gl¢ _ LI¢ €12 Glc, _morm LS €12 Gl¢, "
_ Ole _ Ole _ oLe "
re g >l 5 et m >
c "S1q




Patent Application Publication ~ Mar. 20,2014 Sheet 3 of 7

Fig. 3A

200A 200B 200C

\

R G B

Fig. 3B

200A 2008 200C

Ay

G B

——————

=
o
0o

[ep)
o
o)
—————"
oo

US 2014/0077185 A1



Patent Application Publication ~ Mar. 20,2014 Sheet 4 of 7 US 2014/0077185 A1

Fig. 3C

200A  200B  200C




Patent Application Publication ~ Mar. 20,2014 Sheet 5 of 7 US 2014/0077185 A1

Fig. 4

310R 310B
250

250 240 250

240 240
230

230 280
220

20 210 210

200A 200B 200C



Patent Application Publication ~ Mar. 20,2014 Sheet 6 of 7 US 2014/0077185 A1

—
N
N
SSl| g SR
™
| Y N V\g
S RIgl 8 |88 |8
.~ <_/\
. S
p allf o IV NN =
[ ]
o pof
= 3 & |25
™~
| I\ Y ‘/\8
o <
oll o o o|| o
| =S| & |8 &[S
ps Nl N Y S




Patent Application Publication ~ Mar. 20,2014 Sheet 7 of 7 US 2014/0077185 A1

Fig. 6

200A 200B 200C 200D




US 2014/0077185 Al

ORGANIC LIGHT EMITTING DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This U.S. non-provisional patent application claims
priority under 35 U.S.C. §119 of Korean Patent Application
No. 10-2012-0104131, filed on Sep. 19, 2012, the content of
which is herein incorporated by reference in its entirety.

BACKGROUND
[0002] 1.Field of Disclosure
[0003] The present disclosure relates to an organic light

emitting display. More particularly, the present disclosure
relates to an organic light emitting display capable of realiz-
ing a full-color image.

[0004] 2. Description of the Related Technology

[0005] 1In an organic light emitting display, a hole and an
electron are injected into an organic light emitting layer
through an anode and a cathode and are recombined in the
organic light emitting layer to generate an exciton. The exci-
ton emits energy discharged when an excited state returns to
a ground state as light.

[0006] To display a full-color image. in recent years, an
organic light emitting display has been researched. For
instance, the organic light emitting display includes a white
organic light emitting device and a color filter to display the
full-color image. However, when the organic light emitting
display includes the color filter, brightness in each color
becomes different by the color filter. In addition, a manufac-
turing cost of the organic light emitting display is increased
due to the color filter.

SUMMARY

[0007] The present disclosure provides an organic light
emitting display capable of displaying a full-color image
without employing a color filter.

[0008] Embodiments of the inventive concept provide an
organic light emitting display including an array substrate, a
plurality of light emitting devices disposed over the array
substrate, and a plurality of color filters disposed over the
plurality of light emitting device and having different colors
from each other. The plurality of light emitting devices
includes a first light emitting device and a second light emit-
ting device that are configured to emit light having a first color
and a third light emitting device that is configured to emit
light having a second color different from the first color,
wherein the plurality of color filters comprise first and second
filters disposed over the first light emitting device and the
second light emitting device, respectively.

[0009] The first color is in a complementary relation to the
second color.
[0010] Each of the first, second, and third light emitting

devices includes a first electrode disposed over the array
substrate, a second electrode opposing the first electrode, and
an organic light emitting layer interposed between the first
electrode and the second electrode, wherein each of the first
and second light emitting devices further includes a third
electrode interposed between the first electrode and the
organic light emitting layer.

[0011] The first electrode includes first and second conduc-
tive layers that include a transparent conductive oxide mate-
rial and a third conductive layer disposed between the first
conductive layer and the second conductive layer and includ-
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ing a reflective material. The third conductive layer includes
at least one selected from the group consisting of Mo, MoW,
Cr, APC (Ag—Pd—Cu alloy), Al, and Al alloy.

[0012] The third electrode includes a transparent conduc-
tive oxide material.

[0013] The organic light emitting display further includes
an encapsulating layer disposed over the second electrode.
[0014] The plurality of organic light emitting devices fur-
ther includes a fourth light emitting device configured to emit
light having a third color different from the first color and the
second color. The fourth light emitting device includes a first
electrode disposed over the array substrate, an organic light
emitting layer disposed over the first electrode, a third elec-
trode interposed between the first electrode and the organic
light emitting layer to cover a portion of the first electrode, a
second electrode disposed over the organic light emitting
layer, and an encapsulating layer disposed over the second
electrode. In embodiments, the first electrode includes a first
portion and a second portion when viewed in a direction
perpendicular to a major surface of the array substrate. The
third electrode overlaps the first portion of the first electrode
when viewed in the direction. The third electrode does not
overlap the second portion of the first electrode when viewed
in the direction.

[0015] Each of the first, second, and third light emitting
devices includes a first electrode disposed over the array
substrate, an organic light emitting layer disposed over the
first electrode, and a second electrode disposed over the
organic light emitting layer, wherein the third light emitting
device further includes a third electrode disposed between the
first electrode and the organic light emitting layer.

[0016] Embodiments of the inventive concept provide an
organic light emitting display including a plurality of light
emitting devices and first and second color filters having
different colors from each other. The plurality of light emit-
ting devices includes a plurality of first light emitting devices
configured to emit light having a first color and a second light
emitting device configured to emit light having a second color
different from the first color, wherein each of the first and
second color filters is disposed over one of the first light
emitting devices.

[0017] Thefirst color is magenta, the second color is green,
the first color filter is a red color filter, and the second color
filter is a blue color filter.

[0018] According to the above, the organic light emitting
display may provide the full-color image even though the
color filter is partially omitted.

[0019] In addition, the organic light emitting display
includes the light emitting device that emits the white light,
and thus the brightness of the organic light emitting display
may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above and other advantages of the present
invention will become readily apparent by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings wherein:

[0021] FIG. 1isa concept cross-sectional view showing an
organic light emitting display according to an exemplary
embodiment of the present invention;

[0022] FIG. 2 is a cross-sectional view showing the organic
light emitting display shown in FIG. 1;

[0023] FIGS. 3 A to 3C are plan views showing a pixel area
of the organic light emitting display shown in FIG. 1;
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[0024] FIG. 4 is a cross-sectional view showing an organic
light emitting display according to another exemplary
embodiment of the present invention;

[0025] FIG. 5 is a cross-sectional view showing an organic
light emitting display according to another exemplary
embodiment of the present invention; and

[0026] FIG. 6 is a plan view showing a pixel area of the
organic light emitting display shown in FIG. 5.

DETAILED DESCRIPTION

[0027] It will be understood that when an element or layer
is referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0028] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the present invention.
[0029] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper” and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0030] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms, “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “includes” and/or
“including”, when used in this specification, specify the pres-
ence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

[0031] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
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and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0032] Hereinafter, embodiments of the present invention
will be explained in detail with reference to the accompany-
ing drawings.

[0033] FIG. 1isa concept cross-sectional view showing an
organic light emitting display according to an exemplary
embodiment of the present invention. Referring to FIG. 1, an
organic light emitting display includes a plurality of light
emitting devices and a plurality of color filters 310R and
310B.

[0034] The plurality of light emitting devices includes a
first light emitting device 200A and a second light emitting
device 200C each emitting light having a first color and a third
light emitting device 200B emitting light having a second
color different from the first color. As an example, the first and
second light emitting devices 200A and 200C emit a magenta
light and the third light emitting device 200B emits a green
light. In embodiments, the first color is a complementary
color of the second color.

[0035] Each of the first light emitting device 200A, the
second light emitting device 200C, and the third light emit-
ting device 200B includes a first electrode 210, a second
electrode 240 opposing the first electrode 210, an organic
light emitting layer 230 interposed between the first electrode
210 and the second electrode 240, and an encapsulating layer
250 disposed on the second electrode 240.

[0036] In addition, the first light emitting device 200A and
the second light emitting device 200C further include a third
electrode 220 interposed between the first electrode 210 and
the organic light emitting layer 230.

[0037] One of the first electrode 210 and the second elec-
trode 240 is an anode electrode that provides holes injected
into the organic light emitting layer 230 and the other is a
cathode electrode that provides electrons injected into the
organic light emitting layer 230. For example, the first elec-
trode 210 serves as the anode electrode and the second elec-
trode 240 serves as the cathode electrode.

[0038] Also, one of the first electrode 210 and the second
electrode 240 is a transmissive electrode and the other is a
reflective electrode.

[0039] In detail, in a case that the organic light emitting
display is a front surface light emitting type, the first electrode
210 serves as the reflective electrode and the second electrode
240 serves as the transmissive electrode. In this case, the first
electrode 210 has a multi-layer structure of a reflective con-
ductor layer that reflects the light emitted from the organic
light emitting layer 230 and a transmissive conductor layer
that includes a transparent conductive oxide material of
which work function is higher than that of the second elec-
trode 240 in order to provide the holes to the organic light
emitting layer 230. As an example, the first electrode 210 may
have a structure of one of ITO/Ag/ITO, ITO/Ag/1Z0, ATD
(ITO/Ag alloy/ITO), and ITO/APC (Ag—Pd—Cu alloy)/
ITO.

[0040] Thesecond electrode 240 transmits the light emitted
from the organic light emitting layer 230 and the light
reflected from the first electrode 210. For instance, the second
electrode 240 includes at least one of Ag, Mg, Al, Pt, Pd, Au,
Ni, Nd, Ir, Cr, Li, Ca, which have a lower work function, and
their alloys, and the second electrode 240 includes a metal
thin film formed with a thickness through which a light passes
on the organic light emitting layer 230. In addition, the second
electrode 240 may further include a transparent conductive
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layer including a transparent conductive oxide material on the
metal thin film to prevent a voltage drop (IR-drop) of the
metal thin film.

[0041] Meanwhile, in a case that the organic light emitting
display is a rear surface light emitting type, the first electrode
210 serves as the transmissive electrode and the second elec-
trode 240 serves as the reflective electrode.

[0042] A light emitting layer of the organic light emitting
layer 230 emits a white light. As an example, the light emit-
ting layer has a structure in that a red light emitting layer, a
green light emitting layer, and a blue light emitting layer are
stacked one on another. In addition, the light emitting layer
may be a single light emitting layer doped with red, green, and
blue coloring materials on an organic material.

[0043] The third electrode 220 includes a transparent con-
ductive oxide material that transmits the light and has a higher
work function than that of the metal thin film of the second
electrode 240. As an example, the third electrode 220 includes
one of Indium Tin Oxide (ITO), Indium Zinc Oxide (I70),
Aluminum Zine Oxide (AZO), Gallium-doped Zinc Oxide
(GZ0), Zinc Tin Oxide (ZTQ), Gallium Tin Oxide (GTO),
and Fluorine-doped Tin Oxide (FTO). In addition, the third
electrode 220 controls a distance between the first electrode
210 and the second electrode 240 so that the magenta light,
which is obtained by mixing the red light and the blue light, is
emitted from the first light emitting device 200A and the
second light emitting device 200C.

[0044] The encapsulating layer 250 is disposed on the sec-
ond electrode 240 to isolate the first, second, and third light
emitting devices 200A, 200C, and 200B from external envi-
ronment. The encapsulating layer 250 includes a high-refrac-
tive index layer and a low-refractive index layer to allow the
light emitted from the organic light emitting layer 230 to be
effectively emitted from the first, second, and third light emit-
ting devices 2004, 200C, and 200B.

[0045] Meanwhile, the distance between the first electrode
210 and the second electrode 240 in each of the first, second,
and third light emitting devices 2004, 200C, and 200B is a
resonance distance in which the light emitted from the
organic light emitting layer 230 is resonated. The resonance
distance of the first light emitting device 200A and the second
light emitting device 200C is different from the resonance
distance of the third light emitting device 200B.

[0046] When defining a phase shift, which is generated
when the light emitted from the organic light emitting layer
230 is reflected by the first electrode 210 and the second
electrode 240, as W, the resonance distance as L, and a wave-
length of the light, which is emitted from each of the first,
second, and third light emitting devices 2004, 200C, and
200B among the light emitted from the organic light emitting
layer 230, as A, the resonance distance L satisfies the follow-
ing equation 1.

(2 LY/ ht+y/(2m)=

[0047] That is, the resonance distance of the first light emit-
ting device 200A and the second light emitting device 200C is
determined so that the first light emitting device 200A and the
second light emitting device 200C emit the magenta light that
is obtained by mixing the red light and the blue light to an
exterior. In other words, the resonance distance of the first
light emitting device 200A and the second light emitting
device 200C is a distance in which both of the red light and the
blue light are resonated.

[Equation 1]

Mo is an integer number)
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[0048] Inaddition, the resonance distance of the third light
emitting device 200B is determined to allow the green light to
be emitted from the third light emitting device 200B to the
exterior.

[0049] Since the first and second light emitting devices
200A and 200C further include the third electrode 220, the
resonance distance of the first and second light emitting
devices 200A and 200C is greater than the resonance distance
of the third light emitting device 200B.

[0050] The color filters 310R and 310B have different col-
ors from each other. For example, a first color filter 310R
corresponding to the first light emitting device 200A has ared
color and a second color filter 310B corresponding to the
second light emitting device 200C has a blue color. The first
light emitting device 200A emits the magenta light, and thus
the light passing through the first color filter 310R is the red
light. In addition, since the second light emitting device 200C
emits the magenta light either, the light that passes through
the second color filter 310B is the blue light.

[0051] In addition, the third light emitting device 200B
emits the green light, and thus the third light emitting device
200B does not require a green color filter.

[0052] Therefore, the organic light emitting display may
provide a full-color image to a viewer using the light emitted
from the first, second, and third light emitting devices 2004,
200C, and 200B without employing the color filter corre-
sponding to the third light emitting device 200B.

[0053] FIG.2is a cross-sectional view showing the organic
light emitting display of FIG. 1.

[0054] Referring to FIG. 2, the organic light emitting dis-
play includes a plurality of pixel areas R, G, and B realizing
different colors from each other. The organic light emitting
display includes a red pixel area R, a green pixel area G, and
a blue pixel area B. Also, the organic light emitting display
includes an array substrate 100, the first light emitting device
200A, a second light emitting device 200C a third light emit-
ting device 200B, and a covering substrate 300 opposing the
array substrate 100.

[0055] The array substrate 100 includes a base substrate
101, thin film transistors TFT disposed on the base substrate
101 to respectively correspond to the red pixel area R, the
green pixel area G, and the blue pixel area B, and a protective
layer 170 covering the thin film transistors TFT. In addition,
the array substrate 100 may further include a buffer layer 110
interposed between the base substrate 101 and the thin film
transistors TFT.

[0056] The base substrate 101 includes a transparent insu-
lating material. The base substrate 101 is an insulating sub-
strate of a rigid type substrate formed of a polymer, such as
glass or transparent plastic. In the case that the base substrate
101 is the plastic substrate, the base substrate 101 includes
polyethylene terephthalate (PET), fiber reinforced plastic, or
polyethylene naphthalate (PEN). The base substrate 101 may
be a transparent flexible type insulating substrate.

[0057] Thebuffer layer 110 has a single-layer structure of a
silicon oxide layer or a silicon nitride layer, or a multi-layer
structure of the silicon oxide layer and the silicon nitride
layer. The buffer layer 110 prevents impurities from being
diffused to the thin film transistors TFT and prevents moisture
and oxygen from infiltrating into the thin film transistors TFT.
Also, the buffer layer 110 planarizes a surface of the base
substrate 101.

[0058] Each thin film transistor TFT includes a semicon-
ductor layer 120 disposed on the buffer layer 110, a gate
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electrode 140 insulated from the semiconductor layer 120 and
disposed on the semiconductor layer 120, and a source elec-
trode 161 and a drain electrode 165 that make contact with the
semiconductor layer 120.

[0059] The semiconductor layer 120 is formed of an amor-
phous silicon a-Si or polycrystalline silicon p-Si. Portions of
the semiconductor layer 120 that make respectively contact
with the source electrode 161 and the drain electrode 165 are
source and drain areas, which are doped with the impurities,
and an area between the source area and the drain area serves
as a channel area.

[0060] A gate insulating layer 130 is disposed between the
semiconductor layer 120 and the gate electrode 140 to insu-
late the semiconductor layer 120 from the gate electrode 140.
The gate insulating layer 130 includes silicon oxide (SiO,)
and/or silicon nitride (SiNx).

[0061] The gate electrode 140 is disposed on the gate insu-
lating layer 130 and connected to a gate line (not shown) to
receive a gate signal. The gate electrode 140 is overlapped
with the channel area of the semiconductor layer 120. The
gate electrode 140 includes at least one of Mo, W, MoW, Cr,
Cu, Cu alloy, Ag, Ag alloy, Al, and Al alloy.

[0062] Aninter-insulating layer 150 is disposed on the gate
insulating layer 130 and the gate electrode 140. Similar to the
gate insulating layer 130, the inter-insulating layer 150
includes silicon oxide or silicon nitride. Also, the inter-insu-
lating layer 150 includes a contact hole formed therethrough
to partially expose the source area and the drain area of the
semiconductor layer 120.

[0063] The source electrode 161 and the drain electrode
165 respectively make contact with the source area and the
drain area through the contact hole. The source electrode 161
and the drain electrode 165 includes at least one of Mo, W,
MoW, Cr, Cu, Cu alloy, Ag, Ag alloy, Al, and Al alloy.
[0064] The source electrode 161 is connected to a data line
(not shown) to receive a data signal. The drain electrode 165
1s connected to one of the first, second, and third light emitting
devices 200A, 200C, and 200B.

[0065] The protective layer 170 covers the thin film tran-
sistors TFT to isolate the thin film transistors TFT from the
external environment. Thus, the protective layer 170 prevents
impurities from being diffused to the thin film transistors TEFT
and prevents moisture and oxygen from infiltrating into the
thin film transistors TFT. The protective layer 170 includes at
least one of an inorganic insulating layer and an organic
insulating layer, and the protective layer 170 planarizes the
surface of the array substrate 100. The protective layer 170
includes a via hole formed therethrough to expose a portion of
the drain electrode 165.

[0066] The first, second, and third light emitting devices
200A, 200C, and 200B are disposed on the array substrate
100 to correspond to the red pixel area R, the green pixel area
G, and the blue pixel area B, respectively. In detail, the first
light emitting device 200A is disposed in the red pixel area R,
the second light emitting device 200C is disposed in the blue
pixel area B, and the third light emitting device 200B is
disposed in the green pixel area G.

[0067] Each of the first, second, and third light emitting
devices 200A, 200C, and 200B includes the first electrode
210 disposed on the protective layer 170 and connected to the
drain electrode 165 of the thin film transistors TFT through
the via hole, the second electrode 240 opposing the first
electrode 210, the organic light emitting layer 230 interposed
between the first electrode 210 and the second electrode 240,
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and the encapsulating layer 250 disposed on the second elec-
trode 240. In addition, each of the first and second light
emitting devices 200A and 200C further includes the third
electrode 220 interposed between the first electrode 210 and
the organic light emitting layer 230.

[0068] One of the first electrode 210 and the second elec-
trode 240 is the anode electrode that provides holes injected
into the organic light emitting layer 230 and the other is the
cathode electrode that provides electrons injected into the
organic light emitting layer 230. For example, the first elec-
trode 210 serves as the anode electrode and the second elec-
trode 240 serves as the cathode electrode.

[0069] The firstelectrode 210 is the reflective electrode and
includes a first conductive layer 211, a second conductive
layer 213, and a third conductive layer 215. The first conduc-
tive layer 211 is connected to the drain electrode 165 and
includes one of ITO, IZ0, AZO, GZO, ZTO, GTO, and FTO.
The second conductive layer 213 is disposed on the first
conductive layer 211 and includes at least one of Mo, MoW,
Cr, APC (Ag—Pd——Cu alloy), Al, and Al alloy so as to reflect
the light. The third conductive layer 215 is disposed on the
second conductive layer 213 and includes the same material
as the first conductive layer 211.

[0070] The second electrode 240 is disposed on the organic
light emitting layer 230 and transmits the light emitted from
the organic light emitting layer 230 and the light reflected by
the first electrode 210. As an example, the second electrode
240 includes at least one of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir,
Cr, Li, Ca, and their alloys, which have the lower work func-
tion, and the second electrode 240 is a metal thin film formed
with the thickness through which the light passes. In addition,
the second electrode 240 further includes a transparent con-
ductive layer including the transparent conductive oxide
material on the metal thin film so as to prevent the voltage
drop (IR-drop) of the metal thin film.

[0071] Theorganic light emitting layer 230 includes at least
an emitting layer EML and has a multi-layer thin film struc-
ture. The organic light emitting layer 230 includes a hole
injection layer HIL injecting the holes, a hole transport layer
HTL controlling movement of the electrons, which are not
combined with the holes in the emitting layer EML, to
enhance a chance of recombination between the holes and the
electrons, the emitting layer EML emitting the light accord-
ing to the recombination between the injected holes and elec-
trons, a hole blocking layer HBL controlling movement of the
holes that are not combined with the electrons in the emitting
layer EML, an electron transport layer ETL efficiently trans-
porting electrons to the emitting layer EML, and an electron
injection layer EIL injecting electrons.

[0072] The emitting layer EML of the organic light emit-
ting layer 230 emits the white light. As an example, the light
emitting layer EML has a structure in that the red light emit-
ting layer, the green light emitting layer, and the blue light
emitting layer are stacked. Also, the light emitting layer EML
may be a single light emitting layer doped with the red, green,
and blue coloring materials on the organic material.

[0073] The third electrode 220 includes the same material
as the first conductive layer 211 of the first electrode 210.
Thus, the third electrode 220 transmits the light emitted from
the organic light emitting layer 230. Also, the third electrode
220 controls the distance between the first electrode 210 and
the second electrode 240 to allow the magenta light, which is
obtained by mixing the red light and the blue light, to be
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emitted from the first light emitting device 200A and the
second light emitting device 200C.

[0074] The encapsulating layer 250 is disposed on the sec-
ond electrode 240 to isolate the first, second, and third light
emitting devices 200A, 200C, and 200B from the external
environment. In addition, the encapsulating layer 250
includes the high-refractive index layer and the low-refractive
index layer so as to allow the light emitted from the organic
light emitting layer 230 to be efficiently emitted from the first,
second, and third light emitting devices 2004, 200C, and
200B.

[0075] The high-refractive index layer includes an organic
material or an inorganic material having a refractive index of
about 1.7 to about 2.7. The inorganic material is at least one of
zinc oxide, titanium oxide, zirconium oxide, silicon nitride,
niobium oxide, tantalum oxide, tin oxide, nickel oxide,
indium nitride, and gallium nitride. Also, the organic material
is at least one of acrylic, polyimide, and polyamide.

[0076] The low-refractive index layer includes the inor-
ganic material or the organic material. The inorganic material
is at least one of silicon oxide and magnesium fluoride. The
organic material is at least one of acrylic, polyimide, polya-
mide, and Alq3 (Tris(8-hydroxyquinolinato)aluminum).
[0077] The covering substrate 300 includes a transparent
insulating substrate 301, the color filters 310R and 310B
disposed on the insulating substrate 301 while opposing the
array substrate 100, and an overcoat layer 320 covering the
color filters 310R and 310B.

[0078] The insulating substrate 301 includes a transparent
insulating material similar to the base substrate 101.

[0079] The color filters 310R and 310B have different col-
ors from each other. In detail, the first color filter 310R cor-
responding to the first light emitting device 200A has a red
color, the second color filter 310B corresponding to the sec-
ond light emitting device 200C has a blue color. The first color
filter 310R is disposed in the red pixel area R and the second
color filter 310B is disposed in the blue pixel area B. No color
filter is disposed in the green pixel area G.

[0080] FIGS. 3A to 3C are plan views showing pixel areas
of the organic light emitting display of FI1G. 2.

[0081] Referring to FIGS. 3A to 3C, the first light emitting
device 200A, the third light emitting device 200B, and the
second light emitting device 200C are arranged correspond-
ing to the pixel areas R, G, and B, respectively. In detail, the
first light emitting device 200A is disposed in the red pixel
area R, the second light emitting device 200C is disposed in
the blue pixel area B, and the third light emitting device 200B
is disposed in the green pixel area G.

[0082] Each of thepixel areas R, G, and B has a rectangular
shape with a long side and a short side. As shown in FIG. 3A,
each of the pixel areas R, G, and B has the rectangular shape
of which long side is substantially in parallel with a vertical
direction. The red pixel area R, the green pixel area G, and the
blue pixel area B are sequentially arranged in a horizontal
direction, and pixel areas having the same color are arranged
in the vertical direction. In addition, according to another
exemplary embodiment shown in FIG. 3B, each of the pixel
areas R, G, and B may have a rectangular shape of which long
side is substantially in parallel with the horizontal direction.
Therefore, the red pixel area R, the green pixel area G, and the
blue pixel area B are sequentially arranged in the horizontal
direction and are randomly arranged in the vertical direction.
[0083] Also, each of the pixel areas R, G, and B may have
a hexagonal shape as shown in FIG. 3C.
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[0084] Hereinafter, an organic light emitting display
according to another exemplary embodiment will be
described. In FIGS. 4 to 6, the same reference numerals
denote the same elements in FIGS. 1, 2, and 3A to 3C, and
thus the detailed descriptions of the same elements will be
omitted in order to avoid redundancy.

[0085] FIG. 4 is a cross-sectional view showing an organic
light emitting display according to another exemplary
embodiment of the present invention.

[0086] Referring to FIG. 4, an organic light emitting dis-
play includes a plurality of light emitting devices and a plu-
rality of color filters 310R and 310B.

[0087] Theplurality oflight emitting device includes a first
light emitting device 200A and a second light emitting device
200C, which emit light having a first color, and a third light
emitting device 200B that emits light having a second color
different from the first color. The first light emitting device
200A and the second light emitting device 200C emit a
magenta light, and the third light emitting device 200B emits
a green light. That is, the first color is a complementary color
to the second color.

[0088] Each of the first light emitting device 200A, the
second light emitting device 200C, and the third light emit-
ting device 200B includes a first electrode 210, a second
electrode 240 opposing the first electrode 210, an organic
light emitting layer 230 interposed between the first electrode
210 and the second electrode 240, and an encapsulating layer
250 disposed on the second electrode 240.

[0089] In addition, the third light emitting device 200B
further includes a third electrode 220 interposed between the
first electrode 210 and the organic light emitting layer 230.
[0090] The third electrode 220 includes a transparent con-
ductive oxide material that transmits the light. Therefore, the
third electrode 220 controls a resonance distance between the
first electrode 210 and the second electrode 240 so that a
green light is emitted from the third light emitting device
200B.

[0091] Meanwhile, the resonance distance of the first light
emitting device 200A and the second light emitting device
200C is different from the resonance distance of the third light
emitting device 200B.

[0092] That is, the resonance distance of the first light emit-
ting device 200A and the second light emitting device 200C is
determined to allow the magenta light, which is obtained by
mixing a red light and a blue light, to be emitted from the first
light emitting device 200A and the second light emitting
device 200C. Also, the resonance distance of the third light
emitting device 200B is determined to allow the green light to
be emitted from the third light emitting device 200B.

[0093] Since the third light emitting device 200B further
includes the third electrode 220, the resonance distance of the
third light emitting device 200B is greater than the resonance
distance ofthe first light emitting device 200A and the second
light emitting device 200C.

[0094] The color filters 310R and 310B have different col-
ors from each other. The first color filter 310R corresponding
to the first light emitting device 200A has the red color, and
the second color filter 310B corresponding to the second light
emitting device 200C has the blue color. Since the first light
emitting device 200A emits the magenta light, the light that
transmits the first color filter 310R is the red light. Also, the
second light emitting device 200C emits the magenta light,
and thus the light that transmits the second color filter 3108 is
the blue light.
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[0095] Since the third light emitting device 200B emits the
green light, a green color filter is not required on the third light
emitting device 200B.

[0096] Therefore, the organic light emitting display may
provide the full-color image to the viewer using the light
emitted from the first, second, and third light emitting devices
200A, 200C, and 200B without employing a color filter cor-
responding to the third light emitting device 200B.

[0097] FIG. 5 is a cross-sectional view showing an organic
light emitting display according to another exemplary
embodiment of the present invention.

[0098] Referring to FIG. 5, an organic light emitting dis-
play includes a plurality of light emitting devices and a plu-
rality of color filters 310R and 310B.

[0099] The plurality of light emitting devices includes a
first light emitting device 200A and a second light emitting
device 200C, which emit light having a first color, a third light
emitting device 200B that emits light having a second color
different from the first color, and a fourth-sub light emitting
device 200D that emits light having a third color different
from the first and second colors. The first and second light
emitting devices 200A and 200C emit a magenta light, the
third light emitting device 200B emits a green light, and the
fourthlight emitting device 200D emits a white light. The first
color is in a complementary relation to the second color.

[0100] Each of the first to fourth light emitting devices
200A,200C, 200B, and 200D includes a first electrode 210, a
second electrode 240 opposing the first electrode 210, an
organic light emitting layer 230 interposed between the first
electrode 210 and the second electrode 240, and an encapsu-
lating layer 250 disposed on the second electrode 240.

[0101] The first light emitting device 200A and the second
light emitting device 200C further include a third electrode
220 interposed between the first electrode 210 and the organic
light emitting layer 230. The third electrode 220 includes a
transparent conductive oxide material that transmits a light.
Thus, the third electrode 220 controls a resonance distance
between the first electrode 210 and the second electrode 240
so that the magenta light is emitted from the first light emit-
ting device 200A and the second light emitting device 200C.

[0102] The fourth light emitting device 200D further
includes a fourth electrode 221 that partially covers the first
electrode 210.

[0103] The fourth electrode 221 includes the transparent
conductive oxide material that transmits a light. Since the
fourth electrode 221 controls a resonance distance between
the first electrode 210 and the second electrode 240, the fourth
light emitting device 200D emits the magenta light in the area
wherethe fourth electrode 221 is disposed and emits the green
light in the area where the fourth electrode 221 is not dis-
posed. Therefore, the fourth light emitting device 200D emits
the white light, which is obtained by mixing the magenta light
and the green light.

[0104] The color filters 310R and 310B have different col-
ors from each other. A first color filter 310R corresponding to
the first light emitting device 200A has a red color and a
second color filter 310B corresponding to the second light
emitting device 200C has a blue color. Since the first light
emitting device 200A emits the magenta light, the light that
transmits through the first color filter 310R is the red color. In
addition, since the second light emitting device 200C emits
the magenta light, the light that transmits through the second
color filter 310B is the blue color.
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[0105] Thethird light emitting device 200B emits the green
light, and thus the third light emitting device 200B does not
require a green color filter on the third light emitting device
200B.

[0106] The fourth light emitting device 200D emits the
white light, and the fourth light emitting device 200D does not
require a color filter.

[0107] Consequently, the organic light emitting display
may provide the full-color image to the viewer using the light
emitted from the first to third light emitting devices 2004,
200C, and 200B without employing the color filter corre-
sponding to the third light emitting device 200B.

[0108] Also, the organic light emitting display includes the
fourth light emitting device 200D emitting the white light,
and thus brightness of the image provided to the viewer may
be enhanced.

[0109] FIG. 6is a plan view showing the pixel areas in the
organic light emitting display shown in FIG. 5.

[0110] Referring to FIG. 6, the organic light emitting dis-
play includes a plurality of pixel areas R, G, B, and W each
displaying different colors. The organic light emitting display
includes a red pixel area R, a green pixel area G, a blue pixel
area B, and a white pixel area W,

[0111] Each of the pixel areas R, G, B, and W has a rect-
angular shape with a long side and a short side, and the long
side of each pixel area R, G, B, and W is substantially in
parallel with a vertical direction. The red pixel area R, the
green pixel area G, the blue pixel area B, and the white pixel
area W are sequentially arranged in a horizontal direction, and
the pixel areas having the same color are arranged in the
vertical direction.

[0112] Although the exemplary embodiments of the
present invention have been described, it is understood that
the present invention should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the present invention as hereinafter claimed.

What is claimed is:

1. An organic light emitting display comprising:

an array substrate;

a plurality of light emitting devices disposed over the array

substrate; and

a plurality of color filters disposed over some of the plu-

rality of light emitting device and comprising different
colors from each other,

wherein the plurality of light emitting devices comprises:

a first light emitting device and a second light emitting
device which are configured to emit light having a first
color; and

a third light emitting device configured to emit light
having a second color different from the first color,

wherein the plurality of color filters comprises first and
second color filters disposed over the first light emitting
device and the second light emitting device, respec-
tively.

2. The organic light emitting display of claim 1, wherein
the first color is in a complementary relation to the second
color.

3. The organic light emitting display of claim 1, wherein
each of the first, second, and third light emitting devices
comprises:

a first electrode disposed over the array substrate:;

a second electrode opposing the first electrode; and
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an organic light emitting layer interposed between the first
electrode and the second electrode,

wherein each of the first and second light emitting devices
further comprises a third electrode interposed between
the first electrode and the organic light emitting layer.

4. The organic light emitting display of claim 3, wherein
the first electrode comprises:

first and second conductive layers comprising a transparent
conductive oxide material; and

athird conductive layer disposed between the first conduc-
tive layer and the second conductive layer and compris-
ing a reflective material.

5. The organic light emitting display of claim 4, wherein
the third conductive layer comprises at least one selected
from the group consisting of Mo, MoW, Cr, APC (Ag—Pd—
Cu alloy), Al, and Al alloy.

6. The organic light emitting display of claim 3, wherein
the third electrode comprises a transparent conductive oxide
material.

7. The organic light emitting display of claim 3, further
comprising an encapsulating layer disposed over the second
electrode.

8. The organic light emitting display of claim 3, wherein
the plurality of light emitting devices further comprise a
fourth light emitting device that is configured to emit light
having a third color different from the first color and the
second color.

9. The organic light emitting display of claim 8, wherein
the fourth light emitting device comprises:

a first electrode disposed over the array substrate;

an organic light emitting layer disposed over the first elec-
trode;

a third electrode interposed between the first electrode and
the organic light emitting layer to cover a portion of the
first electrode;

asecond electrode disposed over the organic light emitting
layer; and

an encapsulating layer disposed over the second electrode.

10. The organic light emitting display of claim 9, wherein
the third electrode comprises a transparent conductive oxide
material.

11. The organic light emitting display of claim 2, wherein
each of the first, second, and third light emitting devices
comprises:

a first electrode disposed over the array substrate;

an organic light emitting layer disposed over the first elec-
trode; and

asecond electrode disposed over the organic light emitting
layer,
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wherein the third light emitting device further comprises a
third electrode disposed between the first electrode and
the organic light emitting layer.

12. The organic light emitting display of claim 11, wherein

the first electrode comprises:

first and second conductive layers comprising a transparent
conductive oxide material; and

a third conductive layer interposed between the first con-
ductive layer and the second conductive layer and com-
prising a reflective material.

13. The organic light emitting display of claim 11, wherein
the third electrode comprises a transparent conductive oxide
material.

14. The organic light emitting display of claim 11, further
comprising an encapsulating layer disposed over the second
electrode.

15. An organic light emitting display comprising:

a plurality of light emitting devices; and

first and second color filters having different colors from
each other,

wherein the plurality of light emitting devices comprises:
a plurality of first light emitting devices configured to

emit light having a first color; and
a second light emitting device configured to emit light
having a second color different from the first color,
wherein each of the first and second color filters is dis-
posed over one of the first light emitting devices.

16. The organic light emitting display of claim 15, wherein
the first color is in a complementary relation to the second
color.

17. The organic light emitting display of claim 16, wherein
each of the first light emitting devices and the second light
emitting device comprises:

a first electrode disposed over an array substrate;

an organic light emitting layer disposed over the first elec-
trode; and

asecond electrode disposed over the organic light emitting
layer,

wherein each of the first light emitting devices further
comprises a third electrode interposed between the first
electrode and the organic light emitting layer.

18. The organic light emitting display of claim 17, wherein
adistance between the first electrode and the second electrode
of the first light emitting devices is different from a distance
between the first electrode and the second electrode of the
second light emitting device.

19. The organic light emitting display of claim 18, wherein
the first color is magenta, the second color is green, the first
color filter is a red color filter, and the second color filter is a
blue color filter.

20. The organic light emitting display of claim 17, further
comprising an encapsulating layer disposed over the second
electrode.
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