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ORGANIC LIGHT EMITTING DIODE
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0063363 filed in
the Korean Intellectual Property Office on May 6, 2015, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND

[0002] 1. Field

[0003] Embodiments of the present disclosure relate to an
organic light emitting diode display.

[0004] 2. Description of the Related Art

[0005] The recent trend toward lightweight and thin per-
sonal computers and television sets necessitates lightweight
and thin display devices. Flat panel displays (e.g., a liquid
crystal display (LCD)) satistying such requirements are
being substituted for conventional cathode ray tubes (CRTs).
However, since an LCD is a passive display device, an
additional backlight is used as a light source, and LCDs have
various problems, such as a slow response time and a narrow
viewing angle.

[0006] In this regard, an organic light emitting diode
(OLED) display has recently been highlighted as a self-
emission display device having features of a wide viewing
angle, outstanding contrast, and a fast response time.
[0007] The OLED display includes organic light emitting
diodes for emitting light, and in the organic light emitting
diodes, electrons injected from one electrode and holes
injected from another electrode are combined with each
other in a light emitting layer, thereby generating excitons,
and energy is outputted from the excitons to emit light.
[0008] Various suitable methods that can improve light
efficiency by effectively extracting light that is generated in
the organic light emitting layer are necessitated.

[0009] The above information disclosed in this Back-
ground section is only to enhance the understanding of the
background of the present disclosure and therefore it may
contain information that does not form the prior art that is
already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0010] Embodiments of the present disclosure have been
made in an effort to provide an organic light emitting diode
display in which light efficiency is improved.

[0011] An exemplary embodiment of the present disclo-
sure provides an organic light emitting diode display includ-
ing: a substrate; an organic light emitting element disposed
on the substrate; and a capping layer disposed on the organic
light emitting element and including a high refraction layer
formed of an inorganic material with a refractive index
which is equal to or greater than about 1.7 and equal to or
less than about 6.0, wherein the inorganic material may
include at least one selected from Cul, thallium iodide (T1I),
Agl, Cdl,, Hgl,, Sul,, Pbl,, Bil;, Znl,, Mnl,, Fel,, Col,,
Nil,, aluminium iodide (Ally), thorium(IV) iodide (Thl,),
uranium triiodide (Ul;), MgS, MgSe, MgTe, CaS, CaSe,
CaTe, SrS, SrSe, SrTe, BaS, BaSe, BaTe, SnS, PbS, CdS,
CaS, 7ZnS, ZnTe, PbTe, CdTe, SnSe, PbSe, CdSe, CuO,
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Cu,0, WO,, MoO,, Sn0,, Nb,Os, Ag,0, CdO, CoO, Pr,0,,
Bi,0,, Fe,0,, AlAs, GaAs, InAs, GaP, InP, AIP, AISh,
GasSh, and InSh.

[0012] The capping layer may include a low refraction
layer formed of an inorganic material with a refractive index
which is equal to or greater than about 1.0 and equal to or
less than about 1.7.

[0013] The low refraction layer may be disposed between
the high refraction layer and the organic light emitting
element.

[0014] The low refraction layer may include an inorganic
material including a halogen compound.

[0015] The low refraction layer may include at least one
selected from MgF,, LiF, AlF;, NaF, KF, RbF, CaF,, SrF,,
and YbF,.

[0016] A refraction layer including the low refraction layer
and the high refraction layer may be formed in plural.
[0017] The organic light emitting diode display may fur-
ther include an encapsulation substrate assembled on and
sealing the substrate in order to cover the organic light
emitting element.

[0018] The encapsulation substrate and the organic light
emitting element may be spaced apart from each other.
[0019] The organic light emitting element may include a
first electrode and a second electrode facing each other, and
a light emitting layer disposed between the first electrode
and the second electrode, wherein the capping layer is
disposed directly on the second electrode.

[0020] The first electrode may be formed as a reflective
layer.
[0021] The light emitting layer may include a red light

emitting layer, a green light emitting layer, a blue light
emitting layer, and an auxiliary layer disposed below the
blue light emitting layer.

[0022] The organic light emitting diode display may fur-
ther include a red resonant auxiliary layer disposed below
the red light emitting layer and a green resonant auxiliary
layer disposed below the green light emitting layer.

[0023] The auxiliary layer may include a compound rep-
resented by Chemical Formula 1.

Chemical Formula 1

A2

Al
O N

Al
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[0024] In Chemical Formula 1, Al, A2, and A3 may be an
alkyl group, an aryl group, carbazole, dibenzothiophene,
dibenzofuran (DBF), and biphenyl, respectively, and a, b,
and ¢ may be each independently positive numbers of zero
to four, respectively.

[0025] The auxiliary layer may include a compound rep-
resented by Chemical Formula 2.

Chemical Formula 2

[0026] In Chemical Formula 2, a may be 0 to 3, b and ¢
may be 0 to 3, respectively, X may be selected from O, N,
or S, and each X may be the same as the other or different.

[0027] According to an exemplary embodiment of the
present disclosure, it is possible to improve light efliciency
of an organic light emitting diode display by forming a
capping layer with an inorganic material that has a high
refractive index.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings, together with the
specification, illustrate embodiments of the subject matter of
the present disclosure, and, together with the description,
serve to explain principles of embodiments of the subject
matter of the present disclosure.

[0029] FIG. 1 is a pixel layout view of an organic light
emitting diode display according to an exemplary embodi-
ment of the present disclosure.

[0030] FIG. 2 is a cross-sectional view of FIG. 1 taken
along line II-II.
[0031] FIG. 3 is a cross-sectional view of an exemplary

embodiment of the organic light emitting diode display of
FIG. 2 including a variation of a capping layer.

[0032] FIG. 4 is an enlarged cross-sectional view of the
circled area A of the organic light emitting element of FIG.
2.

[0033] FIG. 5 is a cross-sectional view of a partially
modified organic light emitting element of FIG. 4.

[0034] FIG. 6 is a cross-sectional view of an exemplary
embodiment of the organic light emitting diode display of
FIG. 3 in which an air layer is replaced with a filler.
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DETAILED DESCRIPTION

[0035] Embodiments of the present disclosure will be
described more fully hereinafter with reference to the
accompanying drawings, in which exemplary embodiments
of the disclosure are shown. As those skilled in the art would
realize, the described embodiments may be modified in
various different ways, all without departing from the spirit
or scope of the present invention. On the contrary, exem-
plary embodiments introduced herein are provided to make
the present disclosure thorough and complete and to suffi-
ciently convey the spirit of the present invention to those
skilled in the art.

[0036] In the drawings, the thickness of layers and regions
may be exaggerated for clarity. In addition, when a layer is
described to be formed on another layer or on a substrate,
this means that the layer may be formed on the other layer
or on the substrate (e.g., the layer may be directly on the
other layer or substrate), or a third layer may be interposed
between the layer and the other layer or the substrate (e.g.,
the layer may be indirectly on the other layer or substrate).
Like reference numerals designate like elements throughout
the specification.

[0037] FIG. 1 is a pixel layout view of an organic light
emitting diode display according to the exemplary embodi-
ment of the present disclosure. FIG. 2 is a cross-sectional
view of FIG. 1 taken along line II-II.

[0038] Referring to FIGS. 1 and 2, an organic light emit-
ting diode display 101 according to an exemplary embodi-
ment of the present disclosure includes a substrate 110, a
driving circuit DC, an organic light emitting element 70, a
capping layer 500, and an encapsulation substrate 210. The
organic light emitting diode display 101 may further include
a buffer layer 120 and a pixel defining layer 190.

[0039] The substrate 110 may be made of an inorganic
material such as, for example, glass, an organic (e.g., an
organic material) such as, for example, polycarbonate,
polymethyl methacrylate, polyethylene terephthalate, poly-
ethylene naphthalate, polyamide, polyimide, polyether sul-
fone, or combinations or mixtures thereof, a silicon wafer, a
metal, or the like.

[0040] The buffer layer 120 is disposed on the substrate
110. The buffer layer 120 may be formed as one or more
various suitable inorganic and organic films. The buffer layer
120 prevents undesired elements, such as impurities or
moisture from penetrating the driving circuit DC or the
organic light emitting element 70 (or reduces such penetra-
tion of the undesired elements), and concurrently or simul-
taneously flattens the surface thereof. The buffer layer 120
may be formed of a material that performs such function.
For example, the buffer layer 120 may be any one of a
silicon nitride (e.g., SiNx; Y2<x—2, e.g., x=1.33) film, a
silicon oxide (e.g., SiOy; 1—y—2, e.g., y=2) film, or a
silicon oxynitriding (e.g., SiOxNy; 1—x—2 and 1<y<2)
film (a silicon oxynitride film). However, the buffer layer
120 is not a necessary component and may not be provided
depending on the type or kind and the process conditions of
the substrate 110.

[0041] The driving circuit DC is disposed on buffer layer
120. The driving circuit DC includes a plurality of thin film
transistors 10 and 20, and drives the organic light emitting
element 70. For example, the organic light emitting element
70 emits light according to a driving signal provided by the
driving circuit DC, and displays an image.
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[0042] The organic light emitting element 70 emits light
according to the driving signal provided by the driving
circuit DC. Further, the organic light emitting element 70
includes a first electrode 710 that is an anode capable of
injecting holes, a second electrode 730 that is a cathode
capable of injecting electrons, and a light-emitting element
layer 720 disposed between the first and second electrodes
710 and 730. For example, the first electrode 710, the
light-emitting element layer 720, and the second electrode
730 are sequentially stacked to form the organic light
emitting element 70. However, the present disclosure is not
limited thereto. For example, the first electrode 710 may be
a cathode electrode, and the second may be an anode
electrode 730.

[0043] The first electrode 710 according to an exemplary
embodiment of the present disclosure may be formed as a
reflective layer and the second electrode 730 may be formed
as a semi-transmissive layer or a transparent conductive
layer. Accordingly, light generated from the light-emitting
element layer 720 is emitted through the second electrode
730. For example, the organic light emitting diode display
101 according to an exemplary embodiment of the present
disclosure has a front light-emitting type or kind of a cavity
structure.

[0044] The reflective layer and the semi-transmissive
layer are made of at least one metallic material selected from
magnesium (Mg), silver (Ag), gold (Au), calcium (Ca),
lithium (Li), chromium (Cr), aluminum (Al), and alloys
thereof. Whether the layer is the reflective layer or the
semi-transmissive layer is determined by the thickness
thereof. In general, the semi-transmissive layer has a thick-
ness that is less than about 200 nm (e.g., a thickness greater
than 0 to less than about 200 nm). The thinner the semi-
transmissive layer, the greater the transmittance of light
through the semi-transmissive layer is, and the thicker the
semi-transmissive layer, the less the transmittance of light
through the semi-transmissive layer is.

[0045] The first electrode 710 may further include a trans-
parent conductive layer. For example, the first electrode 710
may have a multi-layered structure including a reflective
layer and a transparent conductive layer. The transparent
conductive layer of the first electrode 710 is disposed
between the reflective layer and the light-emitting element
layer 720. The first electrode 710 may be formed to have a
triple-layered structure in which a transparent conductive
layer, a reflective layer, and a transparent conductive layer
are sequentially stacked. For example, the first electrode 710
may be formed to have a structure in which indium-tin oxide
(ITO), silver (Ag), and indium-tin oxide (ITO) are sequen-
tially stacked.

[0046] The first electrode 710 may be formed by sputter-
ing or vacuum deposition.

[0047] The transparent conductive layer is made of a
material such as indium tin oxide (ITO), indium zinc oxide
(1Z0), indium zinc oxide (IZ0), zinc oxide (ZnO), indium
oxide (In,0O;), and/or the like. The transparent conductive
layer has a relatively high work function. Accordingly, when
the first electrode 710 is formed to have the transparent
conductive layer, holes are smoothly injected through the
first electrode 710.

[0048] The light-emitting element layer 720 is formed as
a multi-layer including one or more selected from a light
emitting layer, a hole-injection layer (HIL), a hole-trans-
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porting layer (HTL), an electron-transporting layer (ETL),
and an electron injection layer (EIL).

[0049] Among the above-mentioned layers, the remaining
layers other than the light emitting layer may be omitted if
necessary or desired. When the light-emitting element layer
720 includes all of the above-mentioned layers, the hole-
injection layer (HIL) is disposed on the first electrode 710
that is an anode electrode, and the hole-transporting layer
(HTL), the light emitting layer, the electron-transporting
layer (ETL), and the electron injection layer (EIL) are
sequentially stacked on the hole-injection layer (HIL). The
light-emitting element layer 720 may further include another
layer if necessary or desired.

[0050] The pixel defining layer 190 includes an operning
1905. The opening 1905 of the pixel defining layer 190
partially exposes the first electrode 710. The first electrode
710, the light-emitting element layer 720, and the second
electrode 730 are sequentially stacked in the opening 1905
of the pixel defining layer 190. In this case, the second
electrode 730 is formed on not only the light-emitting
element layer 720 but also on the pixel defining layer 190.
Layers other than the light emitting layer among the light-
emitting element layer 720 may be disposed between the
pixel defining film 190 and the second electrode 730. The
organic light emitting element 70 emits light in the light-
emitting element layer 720 that is disposed within the
opening 1905 of the pixel defining layer 190. For example,
the opening 1905 of the pixel defining layer 190 defines a
light emitting area.

[0051] The capping layer 500 is formed on the organic
light emitting element 70. The capping layer 500 assists with
effectively or suitably emitting light generated in the light-
emitting element layer 720 to the outside while protecting
the organic light emitting element 70.

[0052] In the present exemplary embodiment, the capping
layer 500 includes an inorganic material having a refractive
index which is equal to or greater than about 1.7 and equal
to or less than about 6.0 (e.g., a refractive index of about 1.7
to about 6.0). In the present exemplary embodiment, an
inorganic material forming the capping layer 500 includes at
least one selected from copper iodide (Cul), thallium iodide
(TV), silver iodide (Agl), cadmium iodide (Cdl,), mercury
iodide (Hgl,), stannum iodide (Snl,), lead iodide (Pbl,),
bismuth iodide (Bil,), zinc iodide (Znl,), manganese iodide
(Mnl,), iron iodide (Fel,), cobalt iodide (Col,), nickel
iodide (Nil,), aluminium iodide (All,), thorium(IV) iodide
(Thl,), and uranium triiodide (Ul;), which are transient
metal-based iodides. Among the halogen materials, fluoride
has low refractive characteristics, and iodide has high refrac-
tive characteristics. Accordingly, since the above-mentioned
inorganic materials as transient metal-based iodides are a
high refractive material, which is capable of thermal evapo-
ration at a temperature of less than about 500 degrees
Celsius, a thermal evaporation source for a thermal evapo-
ration process is not necessarily a high temperature system,
and thus costs may be reduced. Further, even when a thermal
evaporation is performed under the same or substantially the
same condition as in a vacuum, deposition may be imple-
mented by a thermal evaporation method at a temperature of
less than about 250 degrees Celsius. Since thermal evapo-
ration may be performed at a relatively low temperature,
resonance may strongly occur without change of electrical
characteristics of the organic light emitting element 70.
Accordingly, when the capping layer 500 is formed of the
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inorganic material of the transient metal-based iodides such
the Cul or T1I, light efficiency may increase without change
of electrical characteristics of the organic light emitting
element 70. Further, since density of the Cul (5.67 g/cm3)
and density of the TII (7.29 g/ecm3) are high, the capping
layer may be immune to or substantially non-reactive toward
oxygen and moisture. The thermal evaporation temperature
of the oxide-based or nitride-based material, which are
materials having a high refractive index, is relatively higher
than that of an organic material.

[0053] The capping layer 500 is not limited to the above-
mentioned exemplary embodiment, and it may include at
least one selected from MgS, MgSe, MgTe, CaS, CaSe,
CaTe, SrS, SrSe, SrTe, BaS, BaSe, BaTe, SnS, PbS, CdS,
CaS, 7ZnS, ZnTe, PbTe, CdTe, SnSe, PbSe, CdSe, CuO,
Cu,0, WO,, MoOQ;, SnO,, Nb,Os, Ag,0, CdO, CoO, Pr,0;,
Bi,0;, Fe,0,, AlAs, GaAs, InAs, GaP, InP, AlP, AlSb,
GaSh, and InSh.

[0054] The encapsulation substrate 210 is disposed on the
capping layer 500. The encapsulation substrate 210 is an
insulating substrate made of glass, quartz, ceramic, plastic,
or the like. The encapsulation substrate 210 and the substrate
110 are assembled and sealed together to cover the organic
light emitting element 70. In this case, the encapsulation
substrate 210 and the organic light emitting element 70 are
spaced apart from each other. Further, a space between the
encapsulation substrate 210 and the substrate 110 is sealed
by a sealant.

[0055] In addition, an air layer 300 is disposed in a space
between the encapsulation substrate 210 and the organic
light emitting element 70. The air layer 300, in the present
exemplary embodiment, may have a refractive index lower
than that of the capping layer 500 corresponding to a high
refraction layer.

[0056] An exemplary variation of the capping layer 500
will now be described with reference to FIG. 3.

[0057] FIG. 3 is a cross-sectional view of an exemplary
embodiment having a variation of the capping layer of FIG.
2.

[0058] Inthe exemplary embodiment of FIG. 3, an organic
light emitting diode 102 includes a capping layer 500
including a multi-layered layer having different refractive
indexes. The capping layer 500 increases an extracting ratio
of light emitted from the light-emitting element layer 720 of
the organic light emitting element 70, thereby improving
light efficiency.

[0059] For example, in FIG. 3 the capping layer 500 has
a structure in which a low refraction layer 510 and a high
refraction layer 520 are alternately stacked. Although one
low refraction layer 510 and one high refraction layer 520
are shown in FIG. 3, the capping layer 500 is not limited
thereto, and it may be formed of three or more layers,
including one or more low refraction layer 510 and one or
more high refraction layer 520.

[0060] For example, the capping layer may include a
plurality of refraction layer each including the low refraction
layer and the high refraction layer.

[0061] In the present exemplary embodiment, the low
refraction layer 510 may include an inorganic material
having a refractive index which is equal to or greater than
about 1.0 and equal to or less than about 1.7 (e.g., a
refractive index of about 1.0 to about 1.7). An inorganic
material used in the low refraction layer 510 may include a
Group I element, a Group II element, a lanthanide, or a
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transition metal based halogen compound. In some embodi-
ments, the low refraction layer 510 may include fluorine of
a halogen compound. For example, the low refraction layer
510 may include at least one selected from MgF,, LiF, AIF,
NaF, KF, RbF, CaF,, StF,, and YbF..

[0062] The high refraction layer 520 is disposed on the
farthest top layer from the organic light emitting element 70.
For example, the high refraction layer 520 is the farthest
layer of the capping layer 500 from the organic light
emitting element 70.

[0063] The high refraction layer 520 may include an
inorganic material having a refractive index which is equal
to or greater than about 1.7 and equal to or less than about
6.0 (e.g., a refractive index of about 1.7 to about 6.0).

[0064] An inorganic material used in the high refraction
layer 520 may, for example, include at least one selected
from Cul, thallium iodide (T1I), Agl, Cdl,, Hgl,, Snl,, Pbl,,
Bila, Znl,, Mnl,, Fel,, Col,, Nil_, aluminium iodide (AlL,),
thorium(IV) iodide (Thl,), and uranium triiodide (UL5). The
high refraction layer 520 is not limited to the above-
mentioned exemplary embodiment, and it may include at
least one selected from MgS, MgSe, MgTe, CaS, CaSe,
CaTe, SrS, SrSe, SrTe, BaS, BaSe, BaTe, SnS, PbS, CdS,
CaS, 7nS, 7ZnTe, PbTe, CdTe, SnSe, PbSe, CdSe, CuO,
Cu,0, WO,, MoO,, Sn0O,, Nb,O,, Ag,0, CdO, CoO, Pr,0,,
Bi,0s, Fe,0,, AlAs, GaAs, InAs, GaP, InP, AIP, AlSb,
GaShb, and InSh.

[0065] In the present exemplary embodiment, the low
refraction layer 510 has a thickness of about 100 angstroms
to about 400 angstroms, and the high refraction layer 520
has a thickness of about 400 angstroms to about 800
angstroms. When the low refraction layer 510 and the high
refraction layer 520 respectively have the above-mentioned
thicknesses, efliciency of light which is emitted from the
light-emitting element layer 720 and passes through the
capping layer 500 may increase by at least 90%. However,
the thickness of the capping layer 500 according to an
exemplary embodiment of the present disclosure is not
limited thereto. Accordingly, thickness of the low refraction
layer 510 and the high refraction layer 520 may be appro-
priately or suitably adjusted, if necessary or desired.

[0066] Due to a refractive index difference between the
low refraction layer 510 and high refraction layer 520 of the
capping layer 500 one portion of light emitted from the
light-emitting element layer 720 transmits through the cap-
ping layer 500, and the other portion thereof is reflected
from (or reflected by) the capping layer 500. For example,
light is reflected from an interface between the low refrac-
tion layer 510 and the high refraction layer 520, or an
interface between the high refraction layer 520 and the air
layer 300.

[0067] Light reflected from the capping layer 500 is again
reflected from the first electrode 710 or the second electrode
730, and this process is repeated, thereby amplifying the
light. Further, reflection of the light may be repeated inside
the capping layer 500, thereby amplifying the light. For
example, reflection of the light may be repeated between the
interface between the low refraction layer 510 and the high
refraction layer 520 and the interface between the high
refraction layer 520 and the air layer 300.

[0068] The organic light emitting diode display 102 may
effectively or suitably amplify light through such a reso-
nance effect, thereby improving light efficiency.
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[0069] In some embodiments, since the low refraction
layer 510 and the high refraction layer 520 have different
refractive indexes, light is reflected from the interface
between the low refraction layer 510 and the high refraction
layer 520 due to the refractive index between the low
refraction layer 510 and the high refraction layer 520. The
air layer 300, which directly contacts the high refraction
layer 520, may be a low refractive material. In some
embodiments, the air layer 300 has a refractive index of
about 1.

[0070] Therefore, each of the low refraction layer 510 and
the high refraction layer 520 has a refractive index of a set
or predetermined range based on a refractive index of the air
layer 300 and characteristics of a material that is used for
manufacturing each of the refraction films 510 and 520. For
example, the refractive index of the high refraction layer 520
may be equal to or greater than about 1.0 and equal to or less
than about 6.0 (e.g., a refractive index of about 1.0 to about
6.0) depending on the component of the high refraction layer
520. The refractive index of the low refraction layer 510 may
be equal to or greater than about 1.0 and less than about 1.7
(e.g., a refractive index of about 1.0 to about 1.7) depending
on the component of the low refraction layer 510. In this
case, even if the low refraction layer 510 and the high
refraction layer 520 are formed of the same or substantially
the same material, their refractive indexes may be different
from each other depending on a manufacturing method
thereof.

[0071] The features and contents described with respect to
FIG. 2, as well as the above-described difference, may be
applied to the exemplary embodiment of FIG. 3.

[0072] As described with respect to an exemplary embodi-
ment of the present disclosure, compared to the capping
layer 500 formed of an inorganic material, table 1 represents
changes of light efficiency of the capping layer 500 formed
of an organic material.
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[0075] Structures of the driving circuit DC and the organic
light emitting element 70 will now be described in more
detail.

[0076] Referring to FIGS. 1 and 2, although an active
matrix (AM) type or kind of organic light emitting diode
display 101 having a 2Tr-1Cap structure where a pixel is
provided with two thin film transistors (TFTs) 10 and 20 and
one capacitor 80 is illustrated, the present disclosure is not
limited thereto. Accordingly, the organic light emitting diode
display 101 may be provided with three or more thin film
transistors and two or more storage capacitors in one pixel,
and may be configured to have various suitable structures
having additional wires. Herein, a pixel represents a base or
minimum unit displaying an image and the organic light
emitting diode display 101 displays images by using a
plurality of pixels.

[0077] A switching thin film transistor 10, a driving thin
film transistor 20, a capacitor 80, and an organic light
emitting diode (OLED) 70 are formed in each pixel. Here,
a configuration including the switching thin film transistor
10, the driving thin film transistor 20, and the capacitor 80
is referred to as a driving circuit DC. In addition, gate lines
151 disposed in one direction, data lines 171 crossing the
gate lines 151, and common power lines 172 are formed.
Although each pixel may be defined by taking the gate lines
151, the data line 171, and the common power line 172 as
a boundary, the present disclosure is not limited thereto.
[0078] The organic light emitting element 70 includes a
first electrode 710, a light-emitting element layer 720 dis-
posed on the first electrode 710, and a second electrode 730
formed on the light-emitting element layer 720. Holes and
electrodes from the first electrode 710 and the second
electrode 730 are injected into the light-emitting element
layer 720. Light is emitted when excitons in which the
injected holes and electrons are combined drop from an
excited state to a ground state.

TABLE 1
Organic/
Single Double  Inorganic  Single Single Double Double
organic organic double  inorganic inorganic inorganic inorganic
layer layer layer layer layer layer layer
Upper layer Organic  Organic  Organic Cul Tl Cul TII
material 1 material 2 material 2
Lower layer — Balg AlF3 — — AlF3 AlF3
Relative efficiency 1.0 1.06 1.08 1.10 1.17 1.13 1.13
[0073] Referring to Table 1, when light efficiency is set at [0079] The capacitor 80 includes a pair of capacitor plates

about 1.0 in the case where the capping layer 500 is formed
as a single organic layer with organic material 1 and the light
efficiency is set at about 1.06 in the case where the capping
layer 500 is formed as a double organic layer with an organic
material 2 and Balq, a relative light efficiency of the capping
layer 500 formed of a measured Cul is improved by about
10%, and when a lower layer of the capping layer is formed
of AlF; and an upper layer of the capping layer is formed of
Cul, a relative light efficiency of the capping layer is
improved by about 13%.

[0074] In this case, the organic material 1 and the organic
material 2 may have a refractive index of about 1.88 to about
1.90, and they may be any suitable organic material avail-
able for use in a manufactured capping layer with the
refractive index.

158 and 178 disposed with an interlayer insulating layer 160
interposed therebetween. Here, the interlayer insulating
layer 160 becomes (or includes) a dielectric material. The
capacitance of the capacitor 80 is determined depending
upon the charges charged in the capacitor 80, and the
voltages of the capacitor plates 158 and 178.

[0080] 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
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. A gate insulating layer 127 may be
disposed between the driving semiconductor layer 132 and
the driving gate electrode 155.
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[0081] The switching thin film transistor 10 is used as a
switch to select a pixel to emit light. The switching gate
electrode 152 is coupled or connected to the gate line 151.
The switching source electrode 173 is coupled or connected
to the data line 171. The switching drain electrode 174 is
spaced apart from the switching source electrode 173 and is
coupled or connected to one (158 in this case) of the
capacitor plates 158 and 178. The switching drain electrode
174 is disposed to be spaced apart from the switching source
electrode 173 and is coupled or connected to the capacitive
plate 158.

[0082] The driving thin film transistor 20 applies driving
power to the pixel electrode 710 for light emission of the
light-emitting element layer 720 of the organic light emitting
element 70 in the selected pixel. The driving gate electrode
155 is coupled or connected to the capacitor plate 158 that
is coupled or connected to the switching drain electrode 174.
The driving source electrode 176 and the capacitor plate 178
are respectively coupled or connected to the common power
lines 172. The driving drain electrode 177 is coupled or
connected to the pixel electrode 710 of the organic light
emitting element 70 through a contact hole.

[0083] With such a structure, the switching thin film
transistor 10 is driven by a gate voltage applied to the gate
line 151 to transmit a data voltage applied to the data line
171 to the driving thin film transistor 20. A voltage corre-
sponding to a voltage 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 in the
capacitor 80, and a current corresponding to the voltage
stored in the capacitor 80 flows to the organic light emitting
element 70 through the driving thin film transistor 20 such
that the organic light emitting element 70 emits light.
[0084] Hereinafter, an organic light emitting element 70
according to an exemplary embodiment of the present
disclosure will be described with reference to FIG. 4.
[0085] FIG. 4 is an enlarged cross-sectional view of the
circled area A of the organic light emitting element of FIG.
2.

[0086] Referring to FIGS. 2 and 4, the organic light
emitting element (portion “A” of FIG. 2) according to an
exemplary embodiment of the present disclosure includes a
structure in which the first electrode 710, a hole transport
layer 714, a light emitting layer 715, an electron-transport-
ing layer 777, an electron injection layer 779, and the second
electrode 730 are sequentially stacked.

[0087] In the organic light emitting element 70 according
to the present exemplary embodiment, the first electrode
710, as described above, is formed as a reflective layer so as
to have a front light-emitting type or kind of structure, and
the second electrode 730 corresponding to the common
electrode may be formed as a semi-transmissive layer.
[0088] The hole transport layer 714 is formed on the first
electrode 710. The hole transport layer 714 may transport
holes transmitted from a hole-injection layer formed
between the first electrode 710 and the hole transport layer
714. The hole transport layer 714 may include an organic
material. For example, the hole transport layer 714 may
include NPD (N,N-dinaphthyl-N,N'-diphenyl benzidine),
TPD (N,N'-bis-(3-methylphenyl)-N,N'-bis-(phenyl)-benzi-
dine), s-TAD, and MTDATA (4,4'.4"-Tris (N-3-methylphe-
nyl-N-phenyl-amino)-triphenylamine), but the hole trans-
port layer is not limited thereto.

Nov. 10, 2016

[0089] The hole transport layer 714 may be about 15 nm
to about 25 nm thick. For example, the hole transport layer
714 may be about 20 nm thick. The hole transfer/injection
layers may be formed to be a single layer by transforming
the above-described hole transport layer 714 and including
a hole injecting material in the hole transport layer 714.
[0090] The light emitting layer 715 is disposed on the hole
transport layer 714. The light emitting layer 715 includes a
light emitting material for expressing a set or specific color.
For example, the light emitting layer 715 may express basic
colors, such as blue, green, or red, or combinations or
mixtures thereof.

[0091] The light emitting layer 715 may be about 10 nm
to about 50 nm thick. The light emitting layer 715 includes
a host and a dopant. The light emitting layer 715 may
include a material emitting red, green, blue, and white light,
and may be made of a phosphorescent or fluorescent mate-
rial.

[0092] The light emitting layer 715 emits red light, it may
be made of a phosphorescent material including a host
material, which includes CBP (carbazole biphenyl) or mCP
(1,3-bis(carbazol-9-yl), and a dopant, which includes any
one or more selected from a group of PIQIr(acac) (bis
(1-phenylisoquinoline)acetylacetonate iridium), PQIr(acac)
(bis (1-phenylquinoline)acetylacetonate iridium), PQIr(tris
(1-phenylquinoline)iridium) and PtOEP(octaethylporphyrin
platinum), or it may be made of a fluorescent material
including PBD:Eu(DBM)3(Phen) or Perylene, but the light
emitting layer is not limited thereto.

[0093] When the light emitting layer 715 emits green
light, it may be made of a phosphorescent material including
a host material, which includes CBP or mCP, and a dopant
material, which includes, Ir(ppy)3(fac-tris (2-phenylpyri-
dine)iridium), or it may be made of a fluorescent material
including Alg3(tris (8-hydroxyquinolino)aluminum}, but the
light emitting layer is not limited thereto.

[0094] When the light emitting layer 715 emits blue light,
it may be made of a phosphorescent material including a
host material, which includes CBP or mCP, and a dopant
material, which includes (4,6-F2ppy)2Irpic. In some
embodiments, the light emitting layer may be made of a
fluorescent material including at least one selected from
spiro-DPVBI, spiro-6P, distyryl benzene (DSB), distyry-
larylene (DSA), PFO-based polymer, and PPV-based poly-
met, but the fluorescent material is not limited thereto.
[0095] The electron-transporting layer 777 is disposed on
the light emitting layer 715. The electron-transporting layer
777 may transmit the electron to the light emitting layer 715
from the second electrode 730. The electron-transporting
layer 777 may prevent the holes injected by the first elec-
trode 710 from moving to the second electrode 730 through
the light emitting layer 715 (or may reduce such movement
of the holes). For example, the electron-transporting layer
777 functions as a hole blocking layer to help the holes and
the electrons bond in the light emitting layer 715.

[0096] The electron-transporting layer 777 may include an
organic material. For example, the electron-transporting
layer 777 may be made of any one or more selected from a
group of Alg3 (tris (8-hydroxyquinolino) aluminum), PBD,
TAZ, spiro-PBD, BAlq and SAlg, but the electron-trans-
porting layer is not limited thereto.

[0097] The electron injection layer 779 is disposed on the
electron-transporting layer 777. The electron injection layer
779 functions to improve the injection of electrons to the



US 2016/0329521 Al

electron-transporting layer 777 from the second electrode
730. The electron injection layer 779 according to the
present exemplary embodiment includes a dipole material
and a first metal. Here, the dipole material and the first metal
are co-deposited to form one layer. The first metal may
include at least one selected from Yb, Mg, Li, Na, Ca, Sr, Ba,
In, Sn, La, Ce, Pr, Nd, Pm, Eu, Gd, Tb, Dy, Ho, Er, Sm, and
Lu.

[0098] The dipole material consists of a first component
and a second component of different polarities, which are
coupled to each other, and the first component may include
one selected from an alkali metal, an alkali earth metal, a
rare-earth metal, and a transition metal, and the second
component may include a halogen. For example, the first
component may be an element including at least one
selected from Li, Na, K, Rb, Cs, Be, Mg, Ca, St, and Ba, and
the second component may be an element including at least
one selected from F, Cl, Br, and I. Here, the first component
is an element that becomes a cation when the dipole material
is ionized, and the second component may be an element
that becomes an anion.

[0099] In the present exemplary embodiment, the thick-
ness of the electron injection layer 779 has a low or
minimum value of about 5 angstroms (A) by considering a
process margin and a high or maximum value of about 50
angstroms (A) by considering the difficulty as a function of
the electron injection layer, and thereby a range thereof may
be about 5 angstroms (A) to about 50 angstroms (A). In
some embodiments, however, the thickness of the electron
injection layer may be about 10 angstroms (A) to about 20
angstroms (A).

[0100] The second electrode 730 is disposed on the elec-
tron injection layer 779. The thickness of the second elec-
trode 730 may be about 30 angstroms (A) to about 300
angstroms (A). In the present exemplary embodiment, the
second electrode 180 is deposited by sputtering.

[0101] FIG. 5 is a cross-sectional view of a partially
modified organic light emitting element of FIG. 4.

[0102] FIG. 5 illustrates an example variation of the light
emitting layer 715 of the organic light emitting element
described with reference to FIG. 4. For example, in the
present exemplary embodiment, the light emitting layer 715
may include a red light emitting layer (R), a green light
emitting layer (G), and a blue light emitting layer (B), and
an auxiliary layer (BIL) may be disposed below the blue
light emitting layer (B) so that efficiency of the blue light
emitting layer (B) may be improved.

[0103] The red light emitting layer (R) may be about 30
nm to about 50 nm thick, the green light emitting layer (G)
may be about 10 nm to about 30 nm thick, and the blue light
emitting layer (B) may be about 10 nm to about 30 nm thick.
The auxiliary layer (BIL) disposed below the blue light
emitting layer (B) may be equal to or less than about 20 nm
thick (e.g., the auxiliary layer (BIL) may have a thickness of
greater than 0 nm to about 20 nm). The auxiliary layer (BIL)
may improve the efliciency of the blue light emitting layer
(B) by adjusting hole charge balance. The auxiliary layer
(BIL) may include a compound represented by Chemical
Formula 1.
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Chemical Formula 1

A2

Al

[0104] In Chemical Formula 1, Al, A2, and A3 are each
independently selected from an alkyl group, an aryl group,
carbazole, dibenzothiophene, dibenzofuran (DBF), and
biphenyl, and a, b, and ¢ are each positive numbers of zero
to four.

[0105] As an example of the compounds represented by
Chemical Formula 1, the following Chemical Formulas 1-1,
1-2, 1-3, 1-4, 1-5, and 1-6 may be included.

Chemical Formula 1-1
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-continued -continued
Chemical Formla 1-2 Chemical Formula 1-4

Chemical Formla 1-5

Chemical Formula 1-3
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-continued
Chemical Formula 1-6
Chemical Formula 2-1

O S
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A

5
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Chemical Formula 2-2

@]

[0106] In an exemplary embodiment, the auxiliary layer O O O
(BIL) may include a compound represented by Chemical

OZO

Formula 2.
Q O 0 Q
X
O |
Chemical Formula 2-3
N
; Q O
O N
X

Chemical Formula 2

Z,

[0107] In Chemical Formula 2, a may be 0 to 3, b and ¢
may respectively be 0 to 3, X may be selected from O, N,
or S, and each X may be the same as the other or different.

[0108] As an example of the compound represented by
Chemical Formula 2, Chemical Formulas 2-1, 2-2, 2-3, 2-4,
2-5, and 2-6 may be included.
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[0109] In an exemplary embodiment, the auxiliary layer
(BIL) may include a compound represented by Chemical

Formula 3.
Chemical Formula 2-5

Chemical Formula 3
DBF
rd
11
/

DBF

g
g
9 OMO
@j

[0110] InChemical Formula 3, A1 may be an alkyl group,
an aryl group, carbazole, dibenzothiophene, or dibenzofuran
(DBF), L1 and L2 may be

] m

(wherein n is 0 to 3), and DBF coupled or connected to L1
and .2 may be replaced by carbazole or dibenzothiophene.

[0111] Hereinafter, a composition method (e.g., synthesis
or manufacture) of the auxiliary layer (BIL) according to an
exemplary embodiment of the present disclosure will be
described. For example, the composition method of the
following Chemical formula 1-1 will be described.
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Chemical Formula 1-1

COMPOSITION EXAMPLE

[0112] Under an argon atmosphere, 6.3 g of 4-dibenzo-
furan boronic acid, 4.8 mg of 4,4',4"-tribromotriphenylam-
ine, 104 mg of tetrakis(triphenylphosphine)palladium (Pd
(PPh,),), 48 ml of a sodium carbonate (Na,CO,) solution (2
M), and 48 ml of toluene were put in a 300 ml 3-neck flask,
and reacted at 80° C. for eight hours. The reaction solution
was extracted with toluene/water, and dried with anhydrous
sodium sulfate. The resultant was condensed under low
pressure, and 3.9 g of a yellowish-white powder was
obtained through column purification of the obtained crude
product.

[0113] InFIG. 5, ared resonant auxiliary layer (R') may be
disposed below the red light emitting layer (R), and a green
resonant auxiliary layer (G') may be disposed below the
green light emitting layer (G). The red resonant auxiliary
layer (R') and the green resonant auxiliary layer (G') are
layers that can adjust a resonant distance for the respective
color. In some embodiments, a resonant auxiliary layer may
not be separately formed below the blue light emitting layer
(B) corresponding to the red light emitting layer (R) or the
green light emitting layer (G) and below the auxiliary layer
(BIL) so that the resonant auxiliary layer is interposed
between the blue light emitting layer (B) and the auxiliary
layer (BIL) and the hole transport layer 714.

[0114] The features and contents described with respect to
FIGS. 1to 4, as well as the above-described difference, may
be applied to an exemplary embodiment of FIG. 5.

[0115] FIG. 6 is a cross-sectional view of an exemplary
embodiment in which the air layer of FIG. 3 is replaced with
a filler.

[0116] As shown in FIG. 6, an organic light emitting diode
display 103 according to an exemplary embodiment of the
present disclosure includes a filler 400 disposed in a space
between the organic light emitting element 70 and the
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encapsulation substrate 210. The filler 400 fills the inside of
the organic light emitting diode display 103 instead of the air
layer 300 described with respect to FIG. 3.

[0117] The filler 400 is made of an organic material, e.g.,
a polymer having a refractive index of about 1.7 or less. For
example, the filler 400 has a refractive index that is lower
than the high refraction film 520 of the capping layer 500.

[0118] Through such a configuration, the organic light
emitting diode display 103 according to the exemplary
embodiment of the present disclosure can improve light
efficiency through the capping layer 500.

[0119] Further, since the filler 400 fills an empty space of
the organic light emitting diode display 103, mechanical
strength and durability of the organic light emitting diode
display 103 may be improved.

[0120] As used herein, expressions such as “at least one
selected from,” when preceding a list of elements, modify
the entire list of elements and do not modify the individual
elements of the list. Further, the use of “may” when describ-
ing embodiments of the present invention refers to “one or
more embodiments of the present disclosure.”

[0121] It will be understood that, although the terms
“first,” “second,” “third,” etc., may be used herein to
describe various elements, components, regions, layers and/
or sections (e.g., a first electrode and a second electrode),
these elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are used
to distinguish one element, component, region, layer or
section from another element, component, region, layer or
section. Thus, a first element, component, region, layer or
section described below could be termed a second element,
component, region, layer or section, without departing from
the spirit and scope of the present invention.

[0122] 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 to,
or coupled to the other element or layer, or one or more
intervening elements or layers may be present. In addition,
it will also be understood that when an element or layer is
referred to as being “between” two elements or layers, it can
be the only element or layer between the two elements or
layers, or one or more intervening elements or layers may
also be present.

[0123] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the present invention. As used herein, the
singular forms “a” and “an” are intended to include the
plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises,” “comprising,” “includes,” and “including,”
when used in this specification, specify the presence of the
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items.
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[0124] As used herein, the term “substantially,” “about,”
and similar terms are used as terms of approximation and not
as terms of degree, and are intended to account for the
inherent deviations in measured or calculated values that
would be recognized by those of ordinary skill in the art. As
used herein, the terms “use,” “using,” and “used” may be
considered synonymous with the terms “utilize,” “utilizing,”
and “utilized,” respectively. Also, the term “exemplary” is
intended to refer to an example or illustration.

[0125] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which the present invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and/or the present specification, and should not
be interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0126] While this disclosure has been described in con-
nection with what is presently considered to be practical
exemplary embodiments, it is to be understood that the
disclosure is not limited to the disclosed embodiments, but,
on the contrary, is intended to cover various modifications
and equivalent arrangements included within the spirit and
scope of the appended claims.

Description of some of the symbols

encapsulation substrate
low refraction layer
auxiliary layer

70  organic light emitting element 210
500 capping layer 510
520 high refraction layer BIL

What is claimed is:

1. An organic light emitting diode display comprising:

a substrate;

an organic light emitting element on the substrate; and

a capping layer on the organic light emitting element and
comprising a high refraction layer comprising an inor-
ganic material having a refractive index which is equal
to or greater than about 1.7 and equal to or less than
about 6.0,

wherein the inorganic material comprises at least one
selected from Cul, thallium iodide (TII), Agl, Cdl,,
Hgl,, Snl,, Pbl,, Bil;, Znl,, Mnl,, Fel, Col,, Nil,,
aluminium iodide (All,), thorium(IV) iodide (ThL,),
uranium triiodide (Ul,), MgS, MgSe, MgTe, CaS,
CaSe, CaTe, SrS, SrSe, SrTe, BaS, BaSe, BaTe, SnS,
PbS, CdS, CaS, ZnS, ZnTe, PbTe, CdTe, SnSe, PbSe,
CdSe, Cu0, Cu,0, WO,, MoO,, Sn0,, Nb,O,, Ag,0,
CdO, CoO, Pr,0;, Bi,0;, Fe,0;, AlAs, GaAs, InAs,
GaP, InP, AIP, AISb, GaSb, and InSb.

2. The organic light emitting diode display of claim 1,

wherein:

the capping layer further comprises a low refraction layer
formed of an inorganic material having a refractive
index which is equal to or greater than about 1.0 and
equal to or less than about 1.7.
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3. The organic light emitting diode display of claim 2,
wherein:

the low refraction layer is between the high refraction
layer and the organic light emitting element.

4. The organic light emitting diode display of claim 3,
wherein:

the low refraction layer comprises an inorganic material
comprising a halogen compound.

5. The organic light emitting diode display of claim 4,
wherein:

the low refraction layer comprises at least one selected
from MgF,, LiF, AlF;, NaF, KF, RbF, CaF,, StF,, and
YbE,.
6. The organic light emitting diode display of claim 2,
wherein:

the capping layer comprises a plurality of refraction layers
each comprising the low refraction layer and the high
refraction layer.

7. The organic light emitting diode display of claim 1,
farther comprising:

an encapsulation substrate on and sealing the substrate to
cover the organic light emitting element.

8. The organic light emitting diode display of claim 7,
wherein:

the encapsulation substrate and the organic light emitting
element are spaced apart from each other.

9. The organic light emitting diode display of claim 1,
wherein:

the organic light emitting element comprises:

a first electrode and a second electrode facing each other,
and

a light emitting layer between the first electrode and the
second electrode,

wherein the capping layer is directly on the second
electrode.

10. The organic light emitting diode display of claim 9,
wherein:

the first electrode is a reflective layer.

11. The organic light emitting diode display of claim 10,
wherein:

the light emitting layer comprises a red light emitting
layer, a green light emitting layer, a blue light emitting
layer, and

an auxiliary layer below the blue light emitting layer.

12. The organic light emitting diode display of claim 11,
further comprising:

a red resonant auxiliary layer below the red light emitting
layer and a green resonant auxiliary layer below the
green light emitting layer.

13. The organic light emitting diode display of claim 11,
wherein:
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the auxiliary layer comprises a compound represented by
Chemical Formula 1:

Chemical Formula 1

A2

Al
O N

A3

wherein, in Chemical Formula 1, A1, A2, and A3 are each
independently selected from an alkyl group, an aryl
group, carbazole, dibenzothiophene, dibenzofuran
(DBF), and biphenyl, and a, b, and ¢ are each positive
numbers of zero to four.
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14. The organic light emitting diode display of claim 11,
wherein:

the auxiliary layer comprises a compound represented by
Chemical Formula 2:

Chemical Formula 2

wherein, in Chemical Fornula 2, a may be 0 to 3, b and
¢ may be 0to 3, X may be selected from O, N, or S, and
each X may be the same as the other or different.

* ok %k
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