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(57) ABSTRACT

An organic light emitting diode display is disclosed. The
display includes a substrate, a first electrode placed on the
substrate, an organic emissive layer placed on the first elec-
trode, a second electrode placed on the organic emissive
layer, and a refractive layer disposed between the substrate
and the first electrode. The refractive layer is greater in refrac-
tive index than the first electrode.
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FIG.6
Device color characteristic
Color Comparative Example 1
Example 1
BlLe (xy) (0.125,0.242) | (0.118,0.166)
Efficiency(%) 100 883 (1)
Greon (x.y) (0.291,0625) | (0.212,0.697)
Efficiency(%) 100 133.0
Red (xy) (0.654, 0.343) (0.663, 0.335)
Efficiency(%) 100 148.1
Color reproduction rate 59% 86%
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FIG.9
Device color characteristic
Color Comparative Example 2
Example 1
Blue (xy) (0.125, 0.242) (0.115,0.193)
Efficiency(%) 100 86.3(1)
(xy) (0.291, 0.625) (0.268, 0.655)
Green —
Efficiency(%) 100 114.0
Red (xy) (0.654, 0.343) (0.658, 0.340)
Efficiency(%) 100 1343
Golor reproduction rate 59% 12.2%
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FIG.12
Device color characteristic
Golor Comparative Example 3
Example 1
Blue (xy) (0.125,0.242) | (0.114,0.179)
Efficiency(%) 100 95.0( )
Green (xy) (0.291,0625) | (0.218,0.694)
Efficiency(%) 100 134.1
Red (xy) (0.654,0.343) | (0.665, 0.333)
Efficiency(%) 100 120.7
Color reproduction rate 59% 84.6%
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ORGANIC LIGHT EMITTING DIODE
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2009-0124096 filed in the
Korean Intellectual Property Office on Dec. 14, 2009, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology relates generally to an
organic light emitting diode display, and more particularly, to
an organic light emitting diode display utilizing a refractive
index.

[0004] 2. Description of the Related Technology

[0005] Organic light emitting diode displays have a self
emissive characteristic, and have a relatively small thickness
and weight. Organic light emitting diode displays generally
exhibit high quality characteristics such as low power con-
sumption, high luminance, and short response time.

[0006] Organic light emitting diode displays generally
include a first substrate with organic light emitting diodes,
and a second substrate facing the first substrate to protect the
organic light emitting diodes of the first substrate. The
organic light emitting diode generally includes an organic
emission layer, and first and second electrodes facing with the
organic emission layer interposed therebetween.

[0007] Conventional organic light emitting diode displays
may be classified as (1) top emission type, where the light
emitted from the organic light emitting diode is illuminated to
the second substrate, (2) bottom emission type, where the
light emitted from the organic light emitting diode 1s illumi-
nated to the first substrate, and (3) dual emission type, where
the light emitted from the organic light emitting diode is
illuminated to both the first and second substrates.

[0008] Intop emission type displays, the first electrode is a
reflective electrode and the second electrode is a semitrans-
parent electrode. The top emission type displays comprise a
micro-cavity structure.

[0009] It is generally challenging to manufacture large-
sized top emission type organic light emitting diode displays.
The challenge is related to the fact that the second electrode
should be thin in order to be semitransparent, but as the
second electrode is formed with one layer over the entire area
of the organic light emitting diode, the surface resistivity
thereof increases with the device enlargement, so that the
current flow along the second electrode does not occur flu-
ently.

[0010] It is thus generally preferable to use bottom emis-
sion type structures for larger displays, where the second
electrode can be sufficiently thick.

[0011] Generally with bottom emission type displays, light
emission efficiency and color reproduction are deteriorated.

[0012] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the described technology and therefore it
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may contain information that does not form the prior art that
is already known in this country to a petson of ordinary skill
in the art.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0013] Oneaspectisanorganic light emitting diode display
including: a substrate, a first electrode placed over the sub-
strate, where the first electrode has a refractive index, an
organic emissive layer placed over the first electrode, a sec-
ond electrode placed over the organic emissive layer, and a
refractive layer disposed between the substrate and the first
electrode, where the refractive layer has arefractive index that
is greater than the refractive index of the first electrode.
[0014] Another aspect is an organic light emitting diode
display where the refractive index of the refractive layer is
between about 2.2 to about 3.0.

[0015] Another aspect is an organic light emitting diode
display where the refractive layer includes at least one mate-
rial selected from the group consisting of TiO2, ZnO2, and
7r02.

[0016] Another aspect is an organic light emitting diode
display where the organic emissive layer includes a red light
emitting layer, a green light emitting layer, and a blue light
emitting layer, which are not overlapping with each other
when viewing in a direction orthogonal to a display surface of
the organic light emitting diode display.

[0017] Another aspect is an organic light emitting diode
display where the refractive layer includes a first refractive
sub-layer disposed between the red light emitting layer and
the substrate, a second refractive sub-layer disposed between
the green light emitting layer and the substrate, and a third
refractive sub-layer disposed between the blue light emitting
layer and the substrate, where the first, second, and third
refractive sub-layers substantially differ in thickness from
each other.

[0018] Another aspect is an organic light emitting diode
display where the first refractive sub-layer is thicker than the
second refractive sub-layer, and the third refractive sub-layer
is thicker than the first refractive sub-layer and the second
refractive sub-layer.

[0019] Another aspect is an organic light emitting diode
display where the red light emitting layer, the green light
emitting layer and the blue light emitting layer have substan-
tially the same thickness.

[0020] Another aspect is an organic light emitting diode
display where the first electrode includes a first sub-electrode
disposed between the red light emitting layer and the refrac-
tivelayer, a second sub-electrode disposed between the green
light emitting layer and the refractive layer, and a third sub-
electrode disposed between the blue light emitting layer and
the refractive layer, where the first, second and third sub-
electrodes substantially differ in thickness from each other.
[0021] Another aspect is an organic light emitting diode
display where the first sub-electrode is thicker than the third
sub-electrode, and the second sub-electrode is thicker than
the first sub-electrode and the third sub-electrode.

[0022] Another aspect is an organic light emitting diode
display where the first electrode includes a material substan-
tially transparent for visible light, and the second electrode
includes a material substantially reflective for visible light.
[0023] Another aspect is an organic light emitting diode
display including: a substrate, a first electrode substantially
transparent with respect to visible light and having a refrac-
tive index, where the first electrode includes: a first sub-
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electrode, a second sub-electrode, and a third sub-electrode,
where the first, second and to third sub-electrodes differ in
thickness from each other, a refractive layer disposed
between the substrate and the first electrode, where the refrac-
tive layer has a refractive index that is greater than the refrac-
tive index of the first electrode, and is configured to not permit
an electric signal or current to flow through it to or from a
circuit component of the display other than the first electrode,
and where the refractive layer includes: a first refractive sub-
layer, a second refractive sub-layer, and a third refractive
sub-layer, where the first, second, and third refractive sub-
layers differ in thickness from each other, a second electrode
substantially reflective with respect to the visible light, and an
organic emissive layer placed between the first and second
electrodes, where the organic emissive layer includes a main
emitting layer configured to emit red light, a second main
emitting layer configured to emit green light, and a third main
emitting layer configured to emit blue light,

[0024] Another aspect is an organic light emitting diode
display where the first sub-electrode is interposed between
the first refractive sub-layer and the first main emitting layer,
where the second sub-electrode is interposed between the
second refractive sub-layer and the second main emitting
layer, where the third sub-electrode is interposed between the
third refractive sub-layer and the third main emitting layer.
[0025] Another aspect is an organic light emitting diode
display where the refractive index of the refractive layer is
between about 2.2 to about 3.0.

[0026] Another aspect is an organic light emitting diode
display where the insulating material includes at least one of
TiO,, Zn0,, and ZrO,.

[0027] Another aspect is an organic light emitting diode
display where the second sub-electrode is thicker than the first
sub-electrode, which is thicker than the third sub-electrode.
[0028] Another aspect is an organic light emitting diode
display, where the display is configured to permit a light beam
emitted by the organic emissive layer to the first electrode to
be transmitted through the first electrode and to the refractive
layer.

[0029] Another aspect is an organic light emitting diode
display where the display is further configured to permit the
light beam to be transmitted through the refractive layer and
to the substrate

[0030] Another aspect is an organic light emitting diode
display where the display is further configured to permit the
light beam to be reflected at the refractive layer and back
towards the first electrode.

[0031] Another aspect is an organic light emitting diode
display where the light beam is incident to the refractive layer
through the first electrode at an incident angle greater than a
critical angle of the refractive layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a cross-sectional view of an organic light
emitting diode display according to an exemplary embodi-
ment.

[0033] FIG. 2 is a layout view of a pixel structure of an
organic light emitting diode display according to an exem-
plary embodiment.

[0034] FIG. 3 is a cross-sectional view of the organic light
emitting diode display taken along the III-I1I line of FIG. 2.
[0035] FIG. 4 is a schematic sectional view of main ele-
ments of an organic light emitting diode display according to
an exemplary embodiment.
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[0036] FIGS. 5(a)and (b) are schematic sectional views of
main elements in organic light emitting diode displays
according to Comparative Example 1 and an exemplary
embodiment, respectively.

[0037] FIG. 6 is a table showing measurements of color
characteristics of the light components of the organic light
emitting diode displays of FIG. 5.

[0038] FIG. 7 is a schematic sectional view of main ele-
ments of an organic light emitting diode display according to
an exemplary embodiment.

[0039] FIGS. 8(a) and (b) are schematic sectional views of
main elements in organic light emitting diode displays
according to Comparative Example 2 and an exemplary
embodiment, respectively.

[0040] FIG. 9 is a table showing measurements of color
characteristics of the light components of the organic light
emitting diode displays of FIG. 8.

[0041] FIG. 10 is a schematic sectional view of main ele-
ments in an organic light emitting diode display according to
an exemplary embodiment.

[0042] FIGS.11(a)and (b) are schematic sectional views of
main elements in organic light emitting diode displays
according to Comparative Example 3 and an exemplary
embodiment, respectively.

[0043] FIG. 12 is a table showing measurements of color
characteristics of the light components of the organic light
emitting diode displays FIG. 11.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0044] Certain exemplary embodiments will be described
more fully hereinafter with reference to the accompanying
drawings. As those skilled in the art would realize, the
described embodiments may be modified in various ways,
without departing from the spirit or scope of the present
invention.

[0045] Accordingly, the drawings and description are to be
regarded as illustrative in nature, and not restrictive. Like
reference numerals generally designate like elements
throughout the specification. Furthermore, as the size and
thickness of the respective constituent elements shown in the
drawings are arbitrarily illustrated for explanatory conve-
nience, embodiments are not necessarily limited to the illus-
trated.

[0046] When an element such as a layer, film, region, or
substrate is referred to as being “on” another element, the
element may be directly on the other element, or the element
may be formed on the other element with intervening ele-
ments presenting between the elements.

[0047] Throughout the specification, when an element is
said to include another constituent element, it may addition-
ally include other constituent elements but may not exclude
them unless a specific limitation to the contrary is made.
Furthermore, it will be understood throughout the specifica-
tion that when an element is referred to as being “on” another
element, it may be placed over or below the other element but
not necessarily placed over the other element, based on the
direction of gravity.

[0048] An organic light emitting diode display 101 accord-
ing to an exemplary embodiment will now be described with
reference to FIG. 1 thru FIG. 5.

[0049] FIG. 1 is a cross-sectional view of an organic light
emitting diode display according to an exemplary embodi-
ment.
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[0050] As shown in FIG. 1, the organic light emitting diode
display 101 according to the first exemplary embodiment
includes a first substrate 100, driving circuitry 200, an organic
light emitting diode 300, and a second substrate 400.

[0051] The first substrate 100 and the second substrate 400
are formed with a light transmissive insulating material con-
taining glass, polymer, or the like. The first substrate 100 and
the second substrate 400 face each other, and are bonded
together by a sealant. Driving circuitry 200 and the organic
light emitting diode 300 are positioned between the first sub-
strate 100 and the second substrate 400, and the first substrate
100 and the second substrate 400 protect the driving circuitry
200 and the organic light emitting diode 300 from external
interference.

[0052] Driving circuitry 200 includes switching and driv-
ing thin film transistors 10 and 20 (shown in FIG. 2), and
transmits driving signals to the organic light emitting diode
300. The organic light emitting diode 300 emits light in accor-
dance with the signals received from the driving circuitry 200.
[0053] The organic light emitting diode 300 is positioned
on the driving circuitry 200.

[0054] Theorganic light emitting diode 300 is positioned in
a display area on the first substrate 100, and is formed using
microelectromechanical systems (MEMS) technology, such
as photolithography. The organic light emitting diode 300
receives signals from the driving circuitry 200, and displays
an image in accordance with the received signals.

[0055] The internal structure of the organic light emitting
diode 101 will now be described in detail with reference to
FIG. 2 thru FIG. 5.

[0056] FIG. 2 is a layout view of a pixel structure of an
organic light emitting diode display according to an exem-
plary embodiment. FIG. 3 is a cross-sectional view taken
along the III-111 line of FIG. 2.

[0057] One embodiment of the structures of the driving
circuitry 200 and the organic light emitting diode 300 are
shown in FIGS. 2 and 3. Other structures of driving circuitry
200 and the organic light emitting diode 300 are also possible
in other embodiments. For example, although the accompa-
nied drawings illustrate an active matrix (AM) type of organic
light emitting diode display having a 2Tr-1Cap structure as a
display device, in which one pixel includes two thin film
transistors (TFTs) and one capacitor, other embodiments are
also possible. The number of thin film transistors, the number
of capacitors, and the number of lines of the display device are
not limited to the embodiment shown in FIGS. 2 and 3. A
pixel refers to the smallest unit displaying an image, and the
display device displays an image through a plurality of pixels.
[0058] As shown in FIG. 2 and FIG. 3, each pixel of an
embodiment of the organic light emitting diode display 101
includes a switching thin film transistor 10, a driving thin film
transistor 20, a capacitor 80, an organic light emitting diode
300, and a refractive layer 70. The structure with the switch-
ing thin film transistor 10, the driving thin film transistor 20,
the capacitor 80, and the refractive layer 70 is referred to as
the driving circuitry 200. The driving circuitry 200 further
includes gate lines 151 arranged in a direction of the first
substrate 100, a data line 171 insulated from and crossing the
gate line 151, and a common power line 172. In one embodi-
ment, one pixel may be defined by taking the gate line 151, the
data line 171, and the common power line 172.

[0059] The switching thin film transistor 10 includes a
switching semiconductor layer 131, a switching gate elec-
trode 152, a switching source electrode 173, and a switching
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drain electrode 174. The driving thin film transistor 20
includes a driving semiconductor layer 132, a driving gate
electrode 155, a driving source electrode 176, and a driving
drain electrode 177.

[0060] The switching thin film transistor 10 may be used as
a switch for selecting the pixel to be excited and to thereby
emit light. The switching gate electrode 152 is connected to
the gate line 151. The switching source electrode 173 is
connected to the data line 171. The switching drain electrode
174 is spaced apart from the switching source electrode 173
by a distance, and is connected to either one of capacitor
plates (158 in one embodiment) of the capacitor 80.

[0061] The driving thin film transistor 20 applies the driv-
ing power to the first electrode 710 to excite an organic
emission layer 720 of the organic light emitting diode 300
within the pixel. The driving gate electrode 155 is connected
to the capacitor plate 158, which is in turn connected to the
switching drain electrode 174. The driving source electrode
176 and the other capacitor plate (178 in one embodiment) are
connected to the common power line 172. The first electrode
710 of the organic light emitting diode 300 extends from the
driving drain electrode 177, and the driving drain electrode
177 and the first electrode 710 are connected to each other.
[0062] The capacitor 80 includes a pair of capacitor plates
158 and 178. and an interlayer insulating layer 160 is dis-
posed between the capacitor plates 158 and 178. The inter-
layer insulating layer 160 may function as a dielectric, and the
capacitance of the capacitor 80 is determined by the charges
stored in the capacitor 80 and the voltage between the capaci-
tor plates 158 and 178.

[0063] The switching thin film transistor 10 is driven by a
gate voltage applied to the gate line 151 so as to transmit the
data voltage applied to the data line 171 to the driving thin
film transistor 20. A voltage corresponding to the difference
between the common voltage applied to the driving thin film
transistor 20 from the common power line 172, and the data
voltage transmitted from the switching thin film transistor 10,
is stored at the capacitor 80. A current corresponding to the
voltage stored at the capacitor 80 flows to the organic light
emitting diode 300 through the driving thin film transistor 20
to cause the organic light emitting diode 300 to emit light.
[0064] The organic light emitting diode 300 includes the
first electrode 710, an organic emission layer 720 placed on
the first electrode 710, and a second electrode 730 placed on
the organic emission layer 720.

[0065] FIG. 4 is a schematic sectional view of main ele-
ments of the organic light emitting diode display according to
an exemplary embodiment.

[0066] Inthe embodiment of FIG. 4, the first electrode 710
is an anode functioning as a hole injection electrode, and the
second electrode 730 is a cathode functioning as an electron
injection electrode. In other embodiments, the first electrode
710 may function as a cathode, and the second electrode 730
may function as an anode. Holes and electrons from the first
and second electrodes 710 and 730 are injected into the
organic emission layer 720, and when the excitons, which are
recombinations of the injected holes and electrons, drop from
the excited state to the ground state, the organic emission
layer 720 emits light. The first electrode 710 has a single or
multi-layered transparent conductive structure containing at
least one of indium tin oxide (ITO), indium zinc oxide (IZ0),
and silver (Ag), and the second electrode 730 has a single or
multi-layered reflective conductive structure containing at
least one of aluminum (Al) and silver (Ag).
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[0067] Theorganic emission layer 720 includes a first main
emitting layer 721 emitting red light, a second main emitting
layer 722 emitting green light, and a third main emitting layer
723 emitting blue light. The first to third main emitting layers
721, 722, and 723 each emit light by way of recombinations
of the holes and electrons injected from the first and second
electrodes 710 and 730.

[0068] The organic emission layer 720 further includes an
electron injection layer (EIL) 724, an electron transport layer
(ETL) 725, a hole injection layer (HIL) 726, and a hole
transport layer (HTL) 727.

[0069] The electron injection layer 724 and the electron
transport layer 725 are disposed between the second electrode
730 and the first to third main emitting layers 721 to 723, and
function to inject the electrons from the second electrode 730
to the first to third main emitting layers 721 to 723.

[0070] The hole injection layer 726 and the hole transport
layer 727 are disposed between the first electrode 710 and the
first to third emitting layers 721 to 723 so as to serve to make
the holes from the first electrode 710 be fluently injected into
the first to third emitting layers 721, 722, and 723.

[0071] In a bottom emission type organic light emitting
diode display 101 according to an exemplary embodiment,
the organic light emitting diode 300 emits light in the direc-
tion of the first substrate 100. A refractive layer 70 is disposed
between the first substrate 100 and the first electrode 710 on
the trajectory of light emission from the organic emission
layer 720 to the first substrate 100.

[0072] Therefractive layer 70 is disposed between the first
substrate 100 and the first electrode 710 with a refractive
index that is greater than that of the first electrode 710. The
refractive layer 70 refracts the light emitted from the organic
emission layer 720, based on the refractive index of the
refractive layer 70. The refractive index of the refractive layer
70 may be greater than that of the first electrode 710, within a
range of about 2.2 to about 3.0. In one embodiment, the
refractive index may be about 2.6. Because the refractive
layer 70 has a refractive index greater than the first electrode
710, and because the refractive layer is semi-transmissive (it
partially transmits and partially reflects light), then the light
transmitted to the refractive layer 70 from the first electrode
710 will be reflected back towards the first electrode 710, but
due to the lower refractive index of the first electrode 710,
light beams above the critical angle at the refractive boundary
between the refractive layer 70 and the first electrode 710 will
be totally internally reflected. Therefore, the light emitted
from the organic emission layer 720 is under a micro-cavity
effect between the first electrode 710 and the refractive layer
70, and thereby becomes superior in light emission efficiency
and color reproduction rate when illuminated to the outside.
[0073] The refractive layer 70 may be formed with a trans-
parent insulating material containing at least one of titanium
oxide (TiO2), zinc oxide (Zn02), and zirconium oxide
(Zr02). Since the refractive layer has a refractive index that is
greater than that of the first electrode 710, the light emitted
from the organic emission layer 720 and transmitting there-
through via the first electrode 710 is continuously reflected
between the first electrode 710 and the refractive layer 70.
Accordingly, the light components emitted from the organic
emission layer 720 and illuminated to the outside through the
first substrate 100 via the first electrode 710 and the refractive
layer 70 are mutually reinforced.

[0074] Inthe above embodiment, the light emitted from the
organic emission layer 720 and transmitting through the
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refractive layer 70 is continuously reflected under the micro-
cavity effect created between the first electrode 710 and the
refractive layer 70 due to the large difference in refractive
index between the first electrode 710 and the refractive layer
70. The light components emitted from the organic emission
layer 720 and illuminated to the outside through the first
substrate 100 are mutually reinforced so that the organic light
emitting diode display 101 is enhanced in light emission
efficiency and color reproduction rate.

[0075] Insomeembodiments, the first electrode 710 s light
transmissive while the second electrode 730 is formed light
reflective. In other embodiments, the first electrode 710 may
be light reflective while the second electrode 730 may be
formed light transmissive. In such embodiments, the refrac-
tive layer may be positioned between the second electrode
and the second substrate.

[0076] In some embodiments, the refractive layer 70 is
spaced apart from the first electrode 710 by a distance. In
other embodiments, the refractive layer may contact the first
electrode. In such embodiments, the refractive layer may be
formed with a conductive material or an insulating material.
[0077] An exemplary embodiment demonstrating
enhanced light emission efficiency and color reproduction
rate of an organic light emitting diode display will now be
described with reference to FIG. 5 and FIG. 6. The thickness
of the elements is indicated by the accompanying number,
and the unit of thickness is angstroms (A).

[0078] FIGS. 5(a) and (b) are schematic sectional views of
main elements in organic light emitting diode displays
according to Comparative Example 1 and an exemplary
embodiment, respectively. FIG. 6 is a table showing measure-
ments of color characteristics of the light components of the
organic light emitting diode displays of FIG. 5.

[0079] FIG. 5(a)isa schematic sectional view ofan organic
light emitting diode display according to Comparative
Example 1. The organic light emitting diode display accord-
ing to Comparative Example 1 includes a first electrode, an
organic emission layer, and a second electrode. The first
electrode is formed with an ITO-based transparent layer ITO
1000. The organic emission layer includes a hole injection
layer HIL 325, a red subsidiary hole transport layer HTL_R
150, a green subsidiary hole transport layer HTL_G 800, a
blue subsidiary hole transport layer HTL_B 400, a first main
emitting layer EMI_R 150, a second main emitting layer
EML_G 300, a third main emitting layer EML_B 300, an
electron transport layer ETL 260, and an electron injection
layer EIL 10. The second electrode is formed with an alumi-
num-based reflective layer A11000.

[0080] Measurements of color characteristics of the light
components of the organic light emitting diode display
according to Comparative Example 1 are listed in the table of
FIG. 6. The efficiency of the red, green, and blue light com-
ponents measured in the organic light emitting diode display
according to Comparative Example 1 is 100%.

[0081] FIG. 5(b)isa schematic sectional view ofan organic
light emitting diode display according to an exemplary
embodiment. An organic light emitting diode display accord-
ing to an exemplary embodiment includes a refractive layer, a
first electrode, an organic emission layer, and a second elec-
trode. The refractive layeris formed with a refractive layer RL
500 having a refractive index of 2.6, and the first electrode
with an [TO-based transparent layer ITO 1000. The organic
emission layer includes a hole injection layer HIL 325, ared
subsidiary hole transport layer HTL_R 150, a green subsid-
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iary hole transport layer HTL_G 800, a blue subsidiary hole
transport layer HTL_B 400, a first main emitting layer
EMIL_R 150, a second main emitting layer EML_G 300, a
third main emitting layer EML_B 300, an electron transport
layer ETL 260, and an electron injection layer EIL 10. The
second electrode is formed with an aluminum-based reflec-
tive layer Al 1000.

[0082] Measurements of color characteristics of the light
components measured in the organic light emitting diode
display according to an exemplary embodiment are listed in
the table of FIG. 6.

[0083] The efficiency of the red, green, and blue light com-
ponents measured in the organic light emitting diode display
of Comparative Example 1 was compared with that of the
exemplary embodiment shown in F1G. 5(b). The efficiency of
blue light was deteriorated by about 11.7% in the exemplary
embodiment when compared with that of Comparative
Example 1, but the efficiencies of red and green lights—were
enhanced by about 48.1% and 33%, respctively. There was an
improvement of about 27% in terms of color reproduction
between the Comparative Example 1 and the exemplary
embodiment of FIG. 5(5).

[0084] The exemplary embodiment of FIG. 5(b), which
includes a refractive layer 70, demonstrates enhanced light
emission efficiency and the color reproduction rate. Addition-
ally, the organic light emitting diode display 101 according to
the exemplary embodiment of FIG. 5(b) is a bottom emission
type, and can thus be used in a large-sized display device for
enhancing light emission efficiency and color reproduction
rate.

[0085] An organic light emitting diode display 102 accord-
ing to an exemplary embodiment will now be described with
reference to FIG. 7.

[0086] FIG. 7 is a schematic sectional view of main ele-
ments of an organic light emitting diode display according to
an exemplary embodiment.

[0087] Inthe embodiment of FIG. 7, the refractive layer 70
includes a first refractive sub-layer 71, a second refractive
sub-layer 72, and a third refractive sub-layer 73.

[0088] The first refractive sub-layer 71 is disposed between
the first main emitting layer 721 and the first substrate 100
corresponding to the first main emitting layer 721 with a first
thickness T1. The red light emitted from the first main emit-
ting layer 721 is refracted while passing through the first
refractive sub-layer 71, by the thickness T1 of the first refrac-
tive sub-layer 71.

[0089] The second refractive sub-layer 72 is disposed
between the second main emitting layer 722 and the first
substrate 100 corresponding to the second main emitting
layer 722 with a second thickness T2 that is smaller than the
first thickness T1. The green light emitted from the second
main emitting layer 722 is refracted while passing through the
second refractive sub-layer 72, by the second thickness T2.
The green light emitted from the second main emitting layer
722 is refracted less than the red light emitted from the first
main emitting layer 721.

[0090] The third refractive sub-layer 73 is disposed
between the third main emitting layer 723 and the first sub-
strate 100 corresponding to the third main emitting layer 723
with a third thickness T3 that is larger than the first thickness
T1 and the second thickness T2. The blue light emitted from
the third main emitting layer 723 is refracted while passing
through the third refractive sub-layer 73, by the third thick-
ness T3. The blue light emitted from the third main emitting
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layer 723 is refracted more than the red light emitted from the
first main emitting layer 721 and the green light emitted from
the second main emitting layer 722.

[0091] The first refractive sub-layer 71, the second refrac-
tivesub-layer 72, and the third refractive sub-layer 73 differ in
thickness from each other. The first thickness T1 is larger than
the second thickness T2, and the third thickness T3 is larger
than the first thickness T1 and the second thickness T2. The
first to third refractive sub-layers 71, 72, and 73 correspond-
ing to the first to third main emitting layers 721, 722, and 723
of the organic emission layer 720 differ in thickness from
each other so that the red, the green, and the blue lights
emitted from the first to third main emitting layers 721, 722,
and 723 are refracted at different angles, respectively. The
refractive layer 70 refracts the red, the green, and the blue
lights emitted from the organic emitting layer 720 and passing
through the refractive layer 70 at different angles by using the
first to third refractive sub-layers 71, 72, and 73, the red, the
green, and blue lights emitted from the organic emitting layer
720 and passing through the refractive layer 70 are continu-
ously reflected between the first electrode 710 and the refrac-
tive layer 70 at different angles so that the light components
emitted from the organic emitting layer 720 and illuminated
to the outside through the refractive layer 70 and the first
substrate 100 are mutually reinforced.

[0092] Inthe embodiment of FIG. 7, the red, the green, and
the blue lights illuminated to the outside through the refrac-
tive layer 70 are refracted at different angles so that the
micro-cavity effect is different for each of the red, the green,
and the blue lights. Consequently, the light components emit-
ted from the organic emitting layer 720 and illuminated to the
outside through the first substrate 100 are mutually reinforced
so that the organic light emitting diode display 102 is
enhanced in light emission efficiency and color reproduction
rate.

[0093] The first to third main emitting layers of the organic
emission layer 720 each have the same fourth thickness T4.

[0094] Removal of the need to differentiate the thickness of
the organic emission layer 720, eliminates the need for depos-
iting an organic emission layer by using an additional mask
during the formation of the organic emission layer 720, and
therefore, the overall time and process of fabricating an
organic light emitting diode display 102 are reduced.

[0095] An exemplary embodiment demonstrating
enhanced light emission efficiency and color reproduction
rate of an organic light emitting diode device will now be
described with reference to FIG. 8 and FIG. 9. The thickness
of the elements is indicated by the accompanying number,
and the unit of thickness is angstroms (A).

[0096] FIGS. 8(a) and (b) are schematic sectional views of
main elements in organic light emitting diode displays
according to Comparative Example 2 and an exemplary
embodiment, respectively. FIG. 9 is a table showing measure-
ments of color characteristics of the light components of the
organic light emitting diode displays of FIG. 8.

[0097] FIG. 8(a)isa schematic sectional view of an organic
light emitting diode display according to Comparative
Example 2. The organic light emitting diode display accord-
ing to Comparative Example 2 includes a first electrode, an
organic emission layer, and a second electrode. The first
electrode is formed with an ITO-based transparent layer ITO
1000. The organic emission layer includes a hole injection
layer HIL 325, a red subsidiary hole transport layer HTL_R
150, a green subsidiary hole transport layer HTL_G 800, a
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blue subsidiary hole transport layer HTL,_B 400, a first main
emitting layer EMI,_R 150, a second main emitting layer
EML_G 300, a third main emitting layer EML_B 300, an
electron transport layer ETL 260, and an electron injection
layer EIL 10. The second electrode is formed with an alumi-
num-based reflective layer Al 1000.

[0098] Measurements of color characteristics of the light
components of the organic light emitting diode display
according to Comparative Example 2 are listed in the table of
FIG. 9. The efficiency of the red, the green, and the blue light
components measured in the organic light emitting diode
display according to Comparative Example 2 is 100%.

[0099] FIG. 8(b)is a schematic sectional view ofan organic
light emitting diode display according to an exemplary
embodiment. An organic light emitting diode display accord-
ing to an exemplary embodiment includes a refractive layer, a
first electrode, an organic emission layer, and a second elec-
trode. The refractive layer includes a first refractive sub-layer
RL1 1300, a second refractive sub-layer RL2 1000, and a
third refractive sub-layer RL3 1650 each with a refractive
index of2.6. The first electrode is formed with an ITO-based
transparent layer ITO 1000. The organic emission layer
includes a hole injection layer HIL 525, a hole transport layer
HTL 150, a first main emitting layer EML,_R 300, a second
main emitting layer EML_G 300, a third main emitting layer
EML_B 300, an electron transport layer ETL 260, and an
electron injection layer EIL 10. The second electrode is
formed with an aluminum-based reflective layer Al 1000.

[0100] Measurements of color characteristics of the light
components measured in the organic light emitting diode
display according to an exemplary embodiment are listed in
the table of FIG. 9.

[0101] The efficiency of the red, green, and blue light com-
ponents measured in the organic light emitting diode of Com-
parative Example 2 was compared with that of the exemplary
embodiment shown in FIG. 8(5). The efficiency of blue light
was deteriorated by about 13.7% in the exemplary embodi-
ment when compared with that of the Comparative Example
2, but the efficiencies of the red and green light components
were enhanced by about 34.3% and about 14%, respectively.
There was an improvement of about 13.2% in terms of color
reproduction rate between the Comparative Example 2 and
the exemplary embodiment of FIG. 8(b).

[0102] The exemplary embodiment of FIG. 8(b), which
includes a refractive layer 70 demonstrates enhanced light
emission efficiency and color reproduction rate. Additionally,
the organic light emitting diode display 102 according to the
exemplary embodiment of FIG. 8(b) is a bottom emission
type, and can thus be used in a large-sized display device for
enhancing light emission efficiency and color reproduction
rate.

[0103] Theuse of first to third refractive sub-layers 71 to 73
that differ in thickness from each other minimizes the need to
differentiate the thickness of the organic emission layer 720
in accordance with the wavelength of the red, green, or blue
light emitted from the organic emission layer 720. This elimi-
nates the need for depositing an organic emission layer 720 by
using an additional mask, and therefore, the overall time and
process of fabricating an organic light emitting diode display
102 are reduced.

[0104] An organic light emitting diode display 103 accord-
ing to an exemplary embodiment will now be described with
reference to F1G. 10.
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[0105] FIG. 10 is a schematic sectional view of main ele-
ments of an organic light emitting diode display according to
an exemplary embodiment.

[0106] Inthe embodiment of FIG. 10, the firstelectrode 710
includes a first sub-electrode 711, a second sub-electrode
712, and a third sub-electrode 713.

[0107] The first sub-electrode 711 is disposed between the
first main emitting layer 721 and the refractive layer 70 cor-
responding to the first main emitting layer 721 with a sixth
thickness T6. The red light emitted from the first main emit-
ting layer 721 is refracted while passing through the first
sub-electrode 711, by the sixth thickness T6.

[0108] The second sub-electrode 712 is disposed between
the second main emitting layer 722 and the refractive layer 70
corresponding to the second main emitting layer 722 with a
seventh thickness T7 that is larger than the sixth thickness T6.
The green light emitted from the second main emitting layer
722 is refracted while passing through the second sub-elec-
trode 712, by the seventh thickness T7. The green light emit-
ted from the second main emitting layer 722 is thus refracted
more than the red light emitted from the first main emitting
layer 721.

[0109] The third sub-electrode 713 is disposed between the
third main emitting layer 723 and the refractive layer 70
corresponding to the third main emitting layer 723 with an
eighth thickness T8 that is smaller than both the sixth thick-
ness T6 and the seventh thickness T7. The blue light emitted
from the third main emitting layer 723 is refracted while
passing through the third sub-electrode 713, by the eighth
thickness T8. The blue light emitted from the third main
emitting layer 723 is thus refracted less than the red light
emitted from the first main emitting layer 721 and the green
light emitted from the second main emitting layer 722.
[0110] The first sub-electrode 711, the second sub-elec-
trode 712, and the third sub-electrode 713 differ in thickness
from each other. The sixth thickness T6 of the first sub-
electrode 711 is larger than the eighth thickness T8 ofthe third
sub-electrode 713, and the seventh thickness T7 of the second
sub-electrode 712 is larger than the sixth thickness T6 of the
first sub-electrode 711 and the eighth thickness T8 of the third
sub-electrode 713.

[0111] The first to third sub-electrodes 711, 712, and 713
corresponding to the first to third main emitting layers 721,
722, and 723 of the organic emission layer 720 differ in
thickness from each other so that the red, the green, and the
blue lights emitted from the first to third main emitting layers
721, 722, and 723 refracted at different angles are further
refracted while passing through the refractive layer 70. As the
red, the green, and the blue lights emitted from the organic
emission layer 720 and passing through the first electrode
710, which are refracted at different angles by using the first
to third sub-electrodes 711, 712, and 713 of the first electrode,
are further refracted by using the refractive layer 70, the red,
the green, and the blue lights emitted from the organic emis-
sion layer 720 and passing through the refractive layer 70 are
continuously reflected between the first electrode 710 and the
refractive layer 70 at different angles so that the light compo-
nents emitted from the organic emission layer 720 and illu-
minated to the outside through the first electrode 710, the
refractive layer 70, and the first substrate 100 are mutually
reinforced.

[0112] In the embodiment of FIG. 10, the red, the green,
and the blue lights illuminated to the outside through the first
electrode 710 refracted at different angles are further
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refracted by using the refractive layer 70 so that the micro-
cavity effect is different for each of the red, the green, and the
blue lights. Consequently, the light components emitted from
the organic emission layer 720 and illuminated to the outside
through the first substrate 100 are mutually reinforced so that
the organic light emitting diode display 103 is enhanced in
light emission efficiency and color reproduction rate.

[0113] An exemplary embodiment demonstrating
enhanced light emission efficiency and color reproduction
rate will now be described with reference to FIG. 11 and FIG.
12. The thickness of the elements is indicated by the accom-
panying number, and the unit of thickness is angstroms (&).
[0114] FIGS.11(a)and(b)are schematic sectional views of
main elements in organic light emitting diode displays
according to Comparative Example 3 and an exemplary
embodiment, respectively. FIG. 12 is a table showing mea-
surements of color characteristics of the light components of
the organic light emitting diode displays FIG. 11.

[0115] FIG. 11(a) is a schematic sectional view of an
organic light emitting diode display according to Compara-
tive Example 3. The organic light emitting diode display
according to Comparative Example 3 includes a first elec-
trode, an organic emission layer, and a second electrode. The
first electrode is formed with an ITO-based transparent layer
ITO 1000. The organic emission layer includes a hole injec-
tion layer HIL 325, a red subsidiary hole transport layer
HTL_R 150, a green subsidiary hole transport layer HTL_G
800, a blue subsidiary hole transport layer HTL,_B 400, a first
main emitting layer EML._R 150, a second main emitting
layer EML_G 300, a third main emitting layer EML_B 300,
an electron transport layer ETL 260, and an electron injection
layer EIL 10. The second electrode is formed with an alumi-
num-based reflective layer Al 1000.

[0116] Measurements of color characteristics of the light
components of the organic light emitting diode display
according to Comparative Example 3, are listed in the table of
FIG. 12. The efficiency of the red. the green, and the blue light
components measured in the organic light emitting diode
display according to Comparative Example 2 is 100%.
[0117] FIG. 11(b) is a schematic sectional view of an
organic light emitting diode display according to an exem-
plary embodiment. An organic light emitting diode display
according to an exemplary embodiment includes a refractive
layer, a first electrode, an organic emission layer, and a second
electrode. The refractive layer 1s formed with a refractive
layer RL 500 having a refractive index of 2.6. The first elec-
trode includes first to third [TO-based sub-electrodes 1TO1
1000, ITO2 1700, and ITO3 1300, and the organic emission
layer includes a hole injection layer HIL 325, a red subsidiary
hole transport layer HTL_R 150, a first main emitting layer
EMIL,_R 150, a second main emitting layer EML_G 300, a
third main emitting layer EML_B 300, an electron transport
layer ETL 260, and an electron injection layer EIL 10. The
second electrode is formed with an aluminum-based reflec-
tive layer Al 1000.

[0118] Measurements of color characteristics of the light
components measured in the organic light emitting diode
display according to the exemplary embodiment of FIG.
11(b) are listed in the table of FIG. 12.

[0119] The efficiency of the red, green, and blue light com-
ponents measured in the organic light emitting diode display
of Comparative Example 3 was compared with that of the
exemplary embodiment shown in FIG. 11(5). The efficiency
of blue light was deteriorated by about 5% in the exemplary
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embodiment when compared with that of the Comparative
Example 3, but the efficiencies of the red and green light
components were enhanced by about 20.7% and about
34.1%, respectively. There was an improvement of about
25.6% in terms of color reproduction rate between the Com-
parative Example 3 and the exemplary embodiment of FIG.
11(%).

[0120] The exemplary embodiment of FIG. 11(4), which
includes a refractive layer 70, and a first electrode 710 with
first to third sub-electrodes 711, 712, and 713 that differ in
thickness, demonstrates enhanced light emission efficiency
and color reproduction rate. Additionally, the organic light
emitting diode display 103 according to the exemplary
embodiment of F1G. 11(5) is a bottom emission type, and can
thus be used in a large-sized display device for enhancing
light emission efficiency and color reproduction rate.

[0121] While this disclosure has been described in connec-
tion with certain exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed embodi-
ments, but, on the contrary, is intended to cover various
modifications and equivalent arrangements.

What is claimed is:

1. An organic light emitting diode display comprising:

a substrate;

a first electrode placed over the substrate, wherein the first

electrode has a refractive index;

an organic emissive layer placed over the first electrode;

a second electrode placed over the organic emissive layer;

and

a refractive layer disposed between the substrate and the

first electrode, wherein the refractive layer has a refrac-
tive index that is greater than the refractive index of the
first electrode.

2. The organic light emitting diode display of claim 1,
wherein the refractive index of the refractive layer is between
about 2.2 to about 3.0.

3. The organic light emitting diode display of claim 2,
wherein the refractive layer comprises at least one material
selected from the group consisting of TiO,, Zn0,, and ZrO,.

4. The organic light emitting diode display of claim 2,
wherein the organic emissive layer comprises a red light
emitting layer, a green light emitting layer, and a blue light
emitting layer, which are not overlapping with each other
when viewing in a direction orthogonal to a display surface of
the organic light emitting diode display.

5. The organic light emitting diode display of claim 4,
wherein the refractive layer comprises a first refractive sub-
layer disposed between the red light emitting layer and the
substrate, a second refractive sub-layer disposed between the
green light emitting layer and the substrate, and a third refrac-
tive sub-layer disposed between the blue light emitting layer
and the substrate, wherein the first, second, and third refrac-
tive sub-layers substantially differ in thickness from each
other.

6. The organic light emitting diode display of claim 5,
wherein the first refractive sub-layer is thicker than the sec-
ond refractive sub-layer, and the third refractive sub-layer is
thicker than the first refractive sub-layer and the second
refractive sub-layer.

7. The organic light emitting diode display of claim 6,
wherein the red light emitting layer, the green light emitting
layer and the blue light emitting layer have substantially the
same thickness.
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8. The organic light emitting diode display of claim 4,
wherein the first electrode comprises a first sub-electrode
disposed between the red light emitting layer and the refrac-
tive layer, a second sub-electrode disposed between the green
light emitting layer and the refractive layer, and a third sub-
electrode disposed between the blue light emitting layer and
the refractive layer, wherein the first, second and third sub-
electrodes substantially differ in thickness from each other.

9. The organic light emitting diode display of claim 8,
wherein the first sub-electrode is thicker than the third sub-
electrode, and the second sub-electrode is thicker than the
first sub-electrode and the third sub-electrode.

10. The organic light emitting diode display of claim 1,
wherein the first electrode comprises a material substantially
transparent for visible light, and the second electrode com-
prises a material substantially reflective for visible light.

11. An organic light emitting diode display comprising:

a substrate;

a first electrode substantially transparent with respect to
visible light and having a refractive index, wherein the
first electrode comprises:

a first sub-electrode;

a second sub-electrode; and

a third sub-electrode;

wherein the first, second and to third sub-electrodes
differ in thickness from each other;

a refractive layer disposed between the substrate and the
first electrode, wherein the refractive layer has a refrac-
tive index that is greater than the refractive index of the
first electrode and wherein the refractive layer com-
prises:

a first refractive sub-layer;

a second refractive sub-layer; and

and a third refractive sub-layer;

wherein the first, second, and third refractive sub-layers
differ in thickness from each other;

a second electrode substantially reflective with respect to
the visible light; and

an organic emissive layer placed between the first and
second electrodes, wherein the organic emissive layer
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comprises a first main emitting layer configured to emit
red light, a second main emitting layer configured to
emit green light, and a third main emitting layer config-
ured to emit blue light,

12. The organic light emitting diode display of claim 11,
wherein the first sub-electrode is interposed between the first
refractive sub-layer and the first main emitting layer,

wherein the second sub-electrode is interposed between

the second refractive sub-layer and the second main
emitting layer,

wherein the third sub-electrode is interposed between the

third refractive sub-layer and the third main emitting
layer.

13. The organic light emitting diode display of claim 11,
wherein the refractive index of the refractive layer is between
about 2.2 to about 3.0.

14. The organic light emitting diode display of claim 11,
wherein the insulating material comprises at least one of
Ti02, Zn02, and 7rO2.

15. The organic light emitting diode display of claim 11,
wherein the second sub-electrode is thicker than the first
sub-electrode, which is thicker than the third sub-electrode.

16. The organic light emitting diode display of claim 11,
wherein the display is configured to permit a light beam
emitted by the organic emissive layer to the first electrode to
be transmitted through the first electrode and to the refractive
layer.

17. The organic light emitting diode display of claim 15,
wherein the display is further configured to permit the light
beam to be transmitted through the refractive layer and to the
substrate

18. The organic light emitting diode display of claim 15,
wherein the display is further configured to permit the light
beam to be reflected at the refractive layer and back towards
the first electrode.

19. The organic light emitting diode display of claim 18,
wherein the light beam is incident to the refractive layer
through the first electrode at an incident angle greater than a
critical angle of the refractive layer.
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