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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. 10-2015-0049112, filed in
the Korean Intellectual Property Office on Apr. 7, 2015, the
entire content of which is incorporated herein by reference.

BACKGROUND 1. Field

[0002] The following disclosure relates to an organic light
emitting diode display.

[0003] 2. Description of the Related Art

[0004] An organic light emitting diode display is a self-
light emitting display device displaying an image through an
organic light emitting element.

[0005] In a structure of a general organic light emitting
diode display, there is a substrate, a first electrode is posi-
tioned on the substrate, an organic layer including an emis-
sion layer (EML) is positioned on the first electrode, and a
counter electrode is positioned on the organic layer. The
organic layer may include an incidental layer assisting with
injection and/or transferring of holes between the first elec-
trode and the emission layer, and an incidental layer assist-
ing with injection and/or transferring of electrons between
the emission layer (EML) and a second electrode.

[0006] A driving principle of the organic light emitting
diode display having the aforementioned structure is as
follows. If a voltage is applied between the first electrode
and the second electrode, the holes are injected into the
emission layer through the incidental layer assisting with
injection and/or transferring of the holes from the first
electrode, and the electrons are injected into the emission
layer through the incidental layer assisting with injection
and/or transferring of the electrons from the second elec-
trode. The holes and the electrons injected into the emission
layer are recombined in the emission layer to generate
excitons, and light is emitted while the excitons are trans-
ferred from an excited state to a lower or ground state. In this
case, light is generated by generated energy, and the organic
light emitting diode display displays an image by using the
generated light.

[0007] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention 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

[0008] Aspects of embodiments of the present invention
are directed toward an organic light emitting diode display
having excellent light emitting efficiency.

[0009] According to an exemplary embodiment of the
present invention, there is provided an organic light emitting
diode display including: a substrate; a thin film transistor on
the substrate; a first electrode connected to the thin film
transistor; a first layer on the first electrode; an emission
layer on the first layer; a second layer on the emission layer;
and a second electrode on the second layer, wherein a
thickness d of the emission layer and the second layer
satisfies the following
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where, A is a light wavelength, k is an absorption coeflicient,
and o is an adjustment factor.

[0010] In an embodiment, the emission layer includes a
red emission layer, a green emission layer, and a blue
emission layer.

[0011] In an embodiment, the adjustment factor varies
according to an emission color of the emission layer.
[0012] In an embodiment, the adjustment factor includes a
red adjustment factor a,, a green adjustment factor o, and
a blue adjustment factor .

[0013] In an embodiment, values of the red adjustment
factor «,, the green adjustment factor o, and the blue
adjustment factor a, are increased in the stated order.
[0014] In an embodiment, thicknesses of the red emission
layer and the second layer are 700 A or less.

[0015] In an embodiment, thicknesses of the green emis-
sion layer and the second layer are 600 A or less.

[0016] Inanembodiment, thicknesses of the blue emission
layer and the second layer are 460 A or less.

[0017] In an embodiment, a ratio of the thickness of the
red emission layer and the second layer to the thickness of
the blue emission layer and the second layer is about 1.4 to
about 1.8.

[0018] In an embodiment, a ratio of the red adjustment
factor ., to the blue adjustment factor o, is about 1.6 to
about 2.0.

[0019] In an embodiment, a material of the second elec-
trode is any one selected from silver (Ag) and an alloy
thereof.

[0020] In an embodiment, the first electrode is an anode
and the second electrode is a cathode.

[0021] In an embodiment, the first layer includes a hole
transport layer and/or a hole injection layer.

[0022] In an embodiment, the second layer includes an
electron transport layer and/or an electron injection layer.
[0023] According to an exemplary embodiment of the
present invention, it is possible to provide an organic light
emitting diode display having excellent light emitting effi-
ciency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a circuit diagram of a pixel of an organic
light emitting diode display according to an exemplary
embodiment of the present invention.

[0025] FIG. 2 is a cross-sectional view of the organic light
emitting diode display according to the exemplary embodi-
ment of the present invention.

[0026] FIG. 3 is an enlarged cross-sectional view of a light
emitting element according to the exemplary embodiment of
the present invention.

[0027] FIG. 4 is a comparative cross-sectional view of
various light emitting elements according to the exemplary
embodiment of the present invention.

DETAILED DESCRIPTION

[0028] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those skilled in the art would realize, the described
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embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
invention.

[0029] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. Like refer-
ence numerals designate like elements throughout the speci-
fication. First, a pixel of an organic light emitting diode
display according to an exemplary embodiment of the
present invention will be described with reference to FIG. 1.
FIG. 1 is a circuit diagram of the pixel of the organic light
emitting diode display according to the exemplary embodi-
ment of the present invention.

[0030] Referring to FIG. 1, the organic light emitting
diode display according to the exemplary embodiment of the
present invention includes a plurality of signal lines 121 and
171, and a plurality of pixels PX connected thereto and
arranged in an approximate matrix form.

[0031] The signal lines include a plurality of first signal
lines 121 transferring a gate signal (or a scan signal), a
plurality of second signal lines 171 transferring a data signal,
and a plurality of third signal lines 172 transferring a driving
voltage Vdd. The first signal lines 121 extend in an approxi-
mate row direction and are almost or substantially parallel to
each other, and the second signal lines 171 and the third
signal lines 172 cross the first signal lines 121 to extend in
a column direction and are almost or substantially parallel to
each other.

[0032] Each pixel PX includes a switching thin film tran-
sistor Q2, a driving thin film transistor Q1, a storage
capacitor Cst, and an organic light emitting diode (OLED)
70.

[0033] The switching thin film transistor Q2 has a control
terminal, an input terminal, and an output terminal, the
control terminal is connected to the first signal line 121, the
input terminal is connected to the second signal line 171, and
the output terminal is connected to the driving thin film
transistor Q1. The switching thin film transistor Q2 responds
to the scan signal applied to the first signal line 121 to
transfer the data signal applied to the second signal line 171
to the driving thin film transistor Q1.

[0034] The driving thin film transistor Q1 also has a
control terminal, an input terminal, and an output terminal,
the control terminal is connected to the switching thin film
transistor Q2, the input terminal is connected to the third
signal line 172, and the output terminal is connected to the
organic light emitting diode 70. The driving thin film
transistor Q1 allows an output current I, , having a magni-
tude that varies according to a voltage applied between the
control terminal and the output terminal to flow.

[0035] The capacitor Cst is connected between the control
terminal and the input terminal of the driving thin film
transistor Q1. The capacitor Cst charges the data signal
applied to the control terminal of the driving thin film
transistor Q1 and maintains the data signal even after the
switching thin film transistor Q2 is turned-off.

[0036] The organic light emitting diode 70 has an anode
connected to the output terminal of the driving thin film
transistor Q1, and a cathode connected to a common voltage
Vss. The organic light emitting diode 70 displays an image
by emitting light while changing the intensity according to
the output current I, 5, of the driving thin film transistor Q1.
[0037] Hereinafter, the organic light emitting diode dis-
play according to the exemplary embodiment of the present
invention will be further described with reference to FIGS.
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2 to 4. FIG. 2 is a cross-sectional view of the organic light
emitting diode display according to the exemplary embodi-
ment of the present invention. FIG. 3 is an enlarged cross-
sectional view of a light emitting element according to the
exemplary embodiment of the present invention. FIG. 4 is a
comparative cross-sectional view of various light emitting
elements according to the exemplary embodiment of the
present invention.

[0038] Referring to FIGS. 2 and 3, the organic light
emitting diode display according to the exemplary embodi-
ment of the present invention includes a substrate 123, a thin
film transistor (e.g., a driving thin film transistor) 130, a first
electrode 160, first layers 161 and 162, an emission layer
173, second layers 174 and 175, and a second electrode 180.
[0039] The first layers 161 and 162 may include a hole
injection layer 161 and a hole transport layer 162, and the
second layers 174 and 175 may include an electron transport
layer 174 and an electron injection layer 175.

[0040] In this case, the substrate 123 is formed of an
insulating substrate made of glass, quartz, ceramics, plastics,
and/or the like. However, the exemplary embodiment of the
present invention is not limited thereto, and the substrate 123
may be a metallic substrate made of stainless steel and the
like.

[0041] In addition, a substrate buffer layer 126 is posi-
tioned on the substrate 123. The substrate buffer layer 126
serves to reduce or prevent penetration of an impure element
and planarize a surface.

[0042] In this case, the substrate buffer layer 126 may be
formed of various suitable materials that can perform the
aforementioned function. For example, as the substrate
buffer layer 126, any one of a silicon nitride (SiNx) layer, a
silicon oxide (SiOy) layer, and a silicon oxynitride (Si-
OxNy) layer may be used. However, the substrate buffer
layer 126 is not the essential constitution, and may be
omitted according to the kind and the process condition of
the substrate 123.

[0043] A driving semiconductor layer 137 is positioned on
the substrate buffer layer 126. A material of the driving
semiconductor layer 137 may be a polysilicon layer. Further,
the driving semiconductor layer 137 includes a channel
region 135 in which an impurity is not doped, and a source
region 134 and a drain region 136 formed by being doped at
both sides of the channel region 135. Herein, the impurity
varies according to the kind of thin film transistor.

[0044] A gate insulating layer 127 formed of silicon
nitride (SiNx) and/or silicon oxide (SiOy) is positioned on
the driving semiconductor layer 137. A gate wire including
a driving gate electrode 133 is positioned on the gate
insulating layer 127. In addition, the driving gate electrode
133 overlaps at least a portion of the driving semiconductor
layer 137, for example, the channel region 135.

[0045] Further, an interlayer insulating layer 128 covering
the driving gate electrode 133 is positioned on the gate
insulating layer 127. In the gate insulating layer 127 and the
interlayer insulating layer 128, contact holes (e.g., contact
openings), through which the source region 134 and the
drain region 136 of the driving semiconductor layer 137 are
exposed, are positioned. The interlayer insulating layer 128,
like the gate insulating layer 127, may be made by using a
ceramic-based material such as silicon nitride (SiNx) or
silicon oxide (SiOy).

[0046] In addition, a data wire including a driving source
electrode 131 and a driving drain electrode (or a drain
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electrode) 132 is positioned on the interlayer insulating layer
128. Further, the driving source electrode 131 and the
driving drain electrode 132 are connected to the source
region 134 and the drain region 136 of the driving semi-
conductor layer 137, respectively, through contact holes
formed in the interlayer insulating layer 128 and the gate
insulating layer 127.

[0047] As described above, the driving thin film transistor
130 is formed to include the driving semiconductor layer
137, the driving gate electrode 133, the driving source
electrode 131, and the driving drain electrode 132. The
constitution of the driving thin film transistor 130 is not
limited to the aforementioned examples, but can be vari-
ously modified by suitable constitution that can be easily
carried out by those who are skilled in the art.

[0048] In addition, a planarization layer 124 covering the
data wire is positioned on the interlayer insulating layer 128.
The planarization layer 124 serves to remove a step and
perform planarization in order to increase light emitting
efficiency of the organic light emitting element to be formed
thereon. Further, the planarization layer 124 has an electrode
contact hole (e.g., an electrode contact opening) 122a
through which a portion of the driving drain electrode 132
is exposed.

[0049] The planarization layer 124 may be made of one or
more materials selected from an acryl-based resin (poly-
acrylates resin), an epoxy resin, a phenol resin, a polyamide-
based resin (polyamides resin), a polyimide-based resin
(polyimides resin), an unsaturated polyester-based resin
(unsaturated polyesters resin), a polyphenylene-based resin
(polyphenylenethers resin), a polyphenylene sulfide-based
resin  (polyphenylenesulfides resin), benzocyclobutene
(BCB), and the like.

[0050] Herein, the exemplary embodiment according to
the present invention is not limited to the aforementioned
structure; for example, any one of the planarization layer
124 and the interlayer insulating layer 128 may be omitted.

[0051] In this case, an anode 160 that is the first electrode
160 of the organic light emitting element is positioned on the
planarization layer 124.

[0052] The organic light emitting diode display includes a
plurality of first electrodes 160 disposed for each of a
plurality of pixels. In this case, the first electrodes 160 are
disposed to be spaced apart from each other. The first
electrode 160 is connected to the driving drain electrode 132
through the electrode contact hole 1224 of the planarization
layer 124.

[0053] Further, a pixel definition layer 125 having an
opening through which the first electrode 160 is exposed is
positioned on the planarization layer 124. That is, the pixel
definition layer 125 has a plurality of openings formed for
each pixel. In this case, an organic emission layer 170 may
be positioned for each opening formed by the pixel defini-
tion layer 125. Accordingly, a pixel region in which each
organic emission layer is formed may be defined by the pixel
definition layer 125.

[0054] In this case, the first electrode 160 is disposed so as
to correspond to the opening of the pixel definition layer
125. However, the first electrode 160 is not necessarily
disposed in only the opening of the pixel definition layer
125, but a portion of the first electrode 160 may be disposed
under the pixel definition layer 125 so as to overlap the pixel
definition layer 125.
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[0055] The pixel definition layer 125 may be made of
resins such as a polyacryl-based resin (polyacrylates resin)
and a polyimide-based resin (polyimides), silica-based inor-
ganic materials, and/or the like.

[0056] Further, the organic emission layer 170 is posi-
tioned on the first electrode 160. A structure of the organic
emission layer 170 will be described in more detail below.
[0057] In addition, the second electrode 180, that is, a
cathode 180, may be positioned on the organic emission
layer 170. As described above, the organic light emitting
element LD including the first electrode 160, the organic
emission layer 170, and the second electrode 180 is formed.
[0058] In this case, the first electrode 160 and the second
electrode 180 may be each formed of a transparent conduc-
tive material or a transflective or reflective conductive
material. According to the kind of material forming the first
electrode 160 and the second electrode 180, the organic light
emitting diode display may be a top emission type (kind), a
bottom emission type (kind), or a dual emission type (kind).
[0059] Further, an overcoat 190 covering the second elec-
trode 180 to protect the second electrode 180 may be
positioned as an organic layer on the second electrode 180.
[0060] In addition, a thin film encapsulation layer 120 is
positioned on the overcoat 190. The thin film encapsulation
layer 120 protects the organic light emitting element LD and
a driving circuit portion positioned on the substrate 123 from
the outside by sealing.

[0061] The thin film encapsulation layer 120 includes
encapsulation organic layers 121a and 121¢ and encapsula-
tion inorganic layers 173 and 1214 that are alternately
laminated one by one. FIG. 2 illustrates, as an example, the
case where two encapsulation organic layers 121a and 121¢
and two encapsulation inorganic layers 1215 and 121d are
alternately laminated one by one to constitute the thin film
encapsulation layer 120, but the thin film encapsulation
layer is not limited thereto.

[0062] Hereinafter, the organic light emitting element of
the present invention will be described in more detail with
reference to FIG. 3. FIG. 3 is a partial cross-sectional view
illustrated by partially enlarging the organic light emitting
element of FIG. 2.

[0063] The organic light emitting element (X portion of
FIG. 2) according to the exemplary embodiment of the
present invention has a structure where the first electrode
160, the hole injection layer 161, the hole transport layer
162, the emission layer 173, the electron transport layer 174,
the electron injection layer 175, and the second electrode
180 are sequentially laminated.

[0064] That is, the organic emission layer 170 of FIG. 2
includes the first electrode 160, the hole injection layer 161,
the hole transport layer 162, the emission layer 173, the
electron transport layer 174, the electron injection layer 175,
and the second electrode 180 of FIG. 3.

[0065] In this case, the hole injection layer 161 may be
positioned on the first electrode 160. In this case, the hole
injection layer 161 is a layer (e.g., a predetermined layer)
improving (e.g., increasing rate of) injection of holes from
the first electrode 160 into the hole transport layer 162. The
hole injection layer 161 may include copper phthalocyanine
(CuPc),  poly(3,4)-ethylenedioxythiophene  (PEDOT),
polyaniline (PANI), N,N-dinaphthyl-N,N'-diphenyl benzi-
dine (NPD), and/or the like, but is not limited thereto.
[0066] The hole transport layer 162 may be positioned on
the hole injection layer 161. The hole transport layer 162
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may serve to transport (e.g., smoothly transport) holes
transferred from the hole injection layer 161. For example,
the hole transport layer 162 may include N,N-dinaphthyl-
N,N'-diphenyl benzidine (NPD), N,N'-bis-(3-methylphe-
nyl)-N,N'-bis-(phenyl)-benzidine (TPD), s-TAD, 4,4' 4"-tris
(N-3-methylphenyl-N-phenyl-amino )-triphenylamine
(MTDATA), and/or the like, but is not limited thereto.
[0067] In the present exemplary embodiment, formation
of the structure where the hole injection layer 161 and the
hole transport layer 162 are laminated is described, but is not
limited thereto, and the hole injection layer 161 and the hole
transport layer 162 may be formed of a single layer.
[0068] The present specification may further include a
buffer layer positioned on the hole transport layer. The buffer
layer may adjust an amount of holes transferred from the
first electrode 160 to the emission layer 173, and concur-
rently (e.g., simultaneously), may adjust an amount of
electrons penetrating the hole transport layer 162 from the
emission layer 173.

[0069] That is, the buffer layer may serve as a hole
adjustment and electron blocking layer to help combination
of the holes and the electrons in the emission layer 173, and
may block the electrons that may penetrate the hole transport
layer 162 to reduce or prevent a damage of the hole transport
layer 162 due to the electrons.

[0070] The emission layer 173 includes a light emitting
material displaying a color (e.g., a predetermined color). For
example, the emission layer 173 may display primary colors
such as a blue, green, or red color, or a combination color
thereof. As an example of the present invention, the emis-
sion layer 173 may include a blue emission layer, a green
emission layer, and a red emission layer.

[0071] The emission layer 173 includes a host and a
dopant. The emission layer 173 may include a material
emitting red, green, blue, and white light, and may be
formed by using a phosphorescent, fluorescent material,
and/or the like.

[0072] In the case where the emission layer 173 emits red
light, the emission layer may be formed of a phosphorescent
material including a host material including carbazole biphe-
nyl (CBP), 1,3-bis(carbazol-9-y1 (mCP), and/or the like, and
a dopant including bis(1-phenylisoquinoline)acetylaceto-
nate iridium (PIQIr(acac), bis(1-phenylquinoline)acetylac-
etonate iridium (PQIr(acac), (tris(1-phenylquinoline)iridium
(PQIr), octaethylporphyrin platinum (PtOEP), and/or the
like. The emission layer may be formed of a fluorescent
material including PBD:Eu(DBM)3(Phen), perylene, and/or
the like, but is not limited thereto. In the case where the
emission layer 173 emits green light, the emission layer 173
may be formed of a phosphorescent material including a
host material including CBP or mCP, a dopant material
including (fac-tris (2-phenylpyridine)iridium  (It(ppy)3),
and/or the like. The emission layer may be formed of a
fluorescent material including (tris(8-hydroxyquinolino)alu-
minum (Alg3), but is not limited thereto.

[0073] In the case where the emission layer 173 emits blue
light, the emission layer 173 may be formed of a phospho-
rescent material including a host material including CBP
and/or mCP and a dopant material including (4,6-F2ppy)
2lrpic. The emission layer 173 may be formed of a fluores-
cent material including any one selected from the group
consisting of spiro-DPVBI, spiro-6P, distilbenzene (DSB),
distyrylarylene (DSA), a PFO-based polymer, and a PPV-
based polymer, but is not limited thereto.
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[0074] Further, the electron transport layer 174 may be
positioned on the emission layer 173. In this case, the
electron transport layer 174 may transfer the electrons from
the second electrode 180 to the emission layer 173. Further-
more, the electron transport layer 174 may prevent or
substantially prevent the holes injected from the first elec-
trode 160 from moving to the second electrode 180 through
the emission layer 173. That is, the electron transport layer
174 serves as a hole blocking layer to help the combination
of the holes and the electrons in the emission layer 173.
[0075] Inthis case, the electron transport layer 174 may be
formed of (tris(8-hydroxyquinolino)aluminum (Alq3), PBD,
TAZ, spiro-PBD, BAlq, and SAlq, and/or the like, but is not
limited thereto.

[0076] The electron injection layer 175 is positioned on
the electron transport layer 174. The electron injection layer
175 is a layer (e.g., a predetermined layer) improving (e.g.,
increasing rate of) injection of the electrons from the second
electrode 180 into the electron transport layer 174. The
electron injection layer 175 may include Alg3, LiF, a gallium
mixture (Ga complex), PBD, and/or the like, but is not
limited thereto.

[0077] The second electrode 180 is positioned on the
electron injection layer 175. A material of the second elec-
trode 180 may be any one of silver (Ag) and an alloy thereof
(Ag:Yb, Ag:Mg, Ag:Al, Ag:Al:Mg, and/or the like), and the
second electrode may be formed of a plurality of layers. In
the second electrode 180 including silver (Ag) and the alloy
thereof, reflectance is excellent and light absorption is
minute, and thus high reliability and stability with respect to
the device may be provided.

[0078] According to the exemplary embodiment of the
present invention, a thickness d of the emission layer 173
and the second layers 174 and 175 (i.e., the combined
thicknesses of the emission layer 173 and the second layers
174 and 175) satisfies the following Equation (1).

A Equation (1)

[0079] In Equation (1), A is a light wavelength, k is an
absorption coeflicient, and o is an adjustment factor. In this
case, the light wavelength is a wavelength according to a
color of light emitted by each organic light emitting element,
and the absorption coefficient is determined according to a
material of the second electrode.

[0080] The adjustment factor o of Equation (1) may vary
according to an emission color of the emission layer 173.
That is, a value of the adjustment factor o may vary
according to the red emission layer, the green emission layer,
and the blue emission layer.

[0081] For example, the adjustment factor o. of Equation
(1) may include a red adjustment factor «,, a green adjust-
ment factor a.,, and a blue adjustment factor o, and values
of the red adjustment factor o, the green adjustment factor
0., and the blue adjustment factor o, are different from each
other.

[0082] For example, the adjustment factor value may be
increased in the order of the red adjustment factor a.,, the
green adjustment factor o, and the blue adjustment factor
o, For example, a ratio of the red adjustment factor ., to the
blue adjustment factor a, may be about 1.6 to about 2.0.
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[0083] According to the exemplary embodiment of the
present invention, as expressed in Equation (1), a thickness
(i.e., the combined thicknesses) of the emission layer and the
second layer determined through the adjustment factor is
caused by the cathode made of silver (Ag) or an alloy
material thereof. This is because, as compared to the cathode
made of aluminum (Al) or an alloy material thereof, only
when the thickness of the emission layer and the second
layer is small, the same or more light efficiency is exhibited.
Therefore, according to the exemplary embodiment of the
present invention, as compared to the organic light emitting
diode display including the cathode not requiring a separate
adjustment factor, the thickness of the emission layer and the
second layer may be small.

[0084] As described above, a thickness (i.e., the combined
thicknesses) of the red emission layer and the second layer
determined by Equation (1) may be determined by a light
emission wavelength, an absorption coefficient, and a red
adjustment factor, and for example, may be 700 A or less.
Further, a thickness (i.e., the combined thicknesses) of the
green emission layer and the second layer may be deter-
mined by the light emission wavelength, the absorption
coeflicient, and a green adjustment factor, and for example,
may be 600 A or less. Further, a thickness (i.e., the combined
thicknesses) of the blue emission layer and the second layer
may be determined by the light emission wavelength, the
absorption coeflicient, and a blue adjustment factor, and for
example, may be 460 A or less. In this case, a ratio of the
thickness (i.e., the combined thicknesses) of the red emis-
sion layer and the second layer to the thickness (i.e., the
combined thicknesses) of the blue emission layer and the
second layer satisfying Equation (1) may be about 1.4 or
more and about 1.8 or less, and for example, about 1.7.

[0085] First, because the wavelengths of lights emitted
from the emission layer 173 are different from each other,
the thicknesses of the red emission layer, the green emission
layer, and the blue emission layer and the second layers 174
and 175 satisfying Equation (1) are made different from each
other.

[0086] As illustrated in FIG. 4, when the thickness of the
red emission layer 173R and the second layers 174 and 175
is defined as d, the thickness of the green emission layer
173G and the second layers 174 and 175 is defined as d,
and the thickness of the blue emission layer 173B and the
second layers 174 and 175 is defined as d, the thickness d,
of the red emission layer 173R emitting red light having the
longest wavelength and the second layer has the largest
value, and the thickness d of the blue emission layer 173B
emitting blue light having the shortest wavelength and the
second layer has the smallest value. That is, dg>d >dy.

[0087] Hereinafter, light efficiency of the organic light
emitting element according to the exemplary embodiment of

the present invention will be described with reference to
Table 1.

TABLE 1
Red Green Blue Light
emission emission emission efficiency
layer (cd/A) layer (cd/A) layer (cd/A) (cd/A)
Comparative 484 55.1 79.6 283

Example 1 (Al)
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TABLE 1-continued

Red Green Blue Light
emission emission emission efficiency
layer (cd/A) layer (cd/A) layer (cd/A) (cd/A)
Comparative 36.9 524 65.4 24.2
Example 2
(Yb/AgYb)
Exemplary 66.7 54.7 81.5 30.0
Embodiment
[0088] First, Comparative Example 1 shows the light

efficiency of the organic light emitting element including the
cathode made of an aluminum material, and Comparative
Example 2 shows the light efficiency of the organic light
emitting element having the same or substantially the same
thickness of the emission layer and the second layer as that
of Comparative Example 1 and including the cathode made
of a silver alloy material. The Exemplary Embodiment
shows the light efficiency of the organic light emitting
element including the cathode made of the silver (Ag) alloy
material and having the thickness of the emission layer and
the second layer satisfying Equation (1).

[0089] Reviewing Table 1, it was confirmed that, in Com-
parative Example 2 having the cathode made of the alumi-
num material, as in Comparative Example 1, and the same
or substantially the same thickness of the emission layer and
the second layer, as compared to Comparative Example 1,
light efficiency was significantly reduced. This was because
a change in physical properties according to a change in
material of the cathode was not considered.

[0090] On the other hand, it could be seen that the organic
light emitting element including the cathode made of the
silver alloy material, as in the Exemplary Embodiment of the
present invention, and having the thickness of the emission
layer and the second layer adjusted according to the adjust-
ment factor of Equation (1) had excellent light efficiency as
compared to Comparative Examples 1 and 2.

[0091] To summarize, in the organic light emitting diode
display according to the exemplary embodiment of the
present invention, the thickness of the emission layer and the
second layer is adjusted according to the material of the
cathode, and thus improved (e.g., increased) light efficiency
may be provided.

[0092] 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, 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 discussed below could be termed a
second element, component, region, layer or section, with-
out departing from the spirit and scope of the inventive
concept.

[0093] In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be
the only layer between the two layers, or one or more
intervening layers may also be present.

[0094] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting of the inventive concept. As used herein, the sin-
gular forms “a” and “an” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
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It will be further understood that the terms “include,”
“including,” “comprises,” and/or “comprising,” when used
in this specification, specify the presence of 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. Expressions such as “at least one of,”
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 describing embodiments
of the inventive concept refers to “one or more embodiments
of the inventive concept.” Also, the term “exemplary” is
intended to refer to an example or illustration.

[0095] It will be understood that when an element or layer
is referred to as being “on”, “connected to”, “coupled to”, or
“adjacent to” another element or layer, it can be directly on,
connected to, coupled to, or adjacent to the other element or
layer, or one or more intervening elements or layers may be
present. When an element or layer is referred to as being
“directly on,” “directly connected to”, “directly coupled to”,
or “immediately adjacent to” another element or layer, there
are no intervening elements or layers present.

[0096] 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 variations in measured or calculated values that
would be recognized by those of ordinary skill in the art.

[0097] As used herein, the terms “use,” “using,” and
“used” may be considered synonymous with the terms
“utilize,” “utilizing,” and “utilized,” respectively.

[0098] Also, any numerical range recited herein is
intended to include all sub-ranges of the same numerical
precision subsumed within the recited range. For example, a
range of “1.0 to 10.0” is intended to include all subranges
between (and including) the recited minimum value of 1.0
and the recited maximum value of 10.0, that is, having a
minimum value equal to or greater than 1.0 and a maximum
value equal to or less than 10.0, such as, for example, 2.4 to
7.6. Any maximum numerical limitation recited herein is
intended to include all lower numerical limitations sub-
sumed therein and any minimum numerical limitation
recited in this specification is intended to include all higher
numerical limitations subsumed therein. Accordingly, Appli-
cant reserves the right to amend this specification, including
the claims, to expressly recite any sub-range subsumed
within the ranges expressly recited herein. All such ranges
are intended to be inherently described in this specification
such that amending to expressly recite any such subranges
would comply with the requirements of 35 U.S.C. §112, first
paragraph, and 35 U.S.C. §132(a).

[0099] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention
is not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various suitable modifications
and equivalent arrangements included within the spirit and
scope of the appended claims, and equivalents thereof.

2 ¢
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DESCRIPTION OF SOME OF THE SYMBOLS
[0100]

123: Substrate

160: First electrode

171: Hole injection layer
173: Emission layer

175: Electron injection layer

130: Thin film transistor
180: Second electrode

172: Hole transport layer
174: Electron transport layer

What is claimed is:

1. An organic light emitting diode display comprising:

a substrate;

a thin film transistor on the substrate;

a first electrode connected to the thin film transistor;

a first layer on the first electrode;

an emission layer on the first layer;

a second layer on the emission layer; and

a second electrode on the second layer,

wherein a thickness d of the emission layer and the second
layer satisfies the following

A

d=—_
Ik

[e2

where, A is a light wavelength, k is an absorption coefficient,
and o 1s an adjustment factor.

2. The organic light emitting diode display of claim 1,
wherein the emission layer comprises a red emission layer,
a green emission layer, and a blue emission layer.

3. The organic light emitting diode display of claim 2,
wherein the adjustment factor varies according to an emis-
sion color of the emission layer.

4. The organic light emitting diode display of claim 2,
wherein the adjustment factor comprises a red adjustment
factor o, a green adjustment factor ., and a blue adjust-
ment factor .

5. The organic light emitting diode display of claim 4,
wherein values of the red adjustment factor a,, the green
adjustment factor o, and the blue adjustment factor o, are
increased in the stated order.

6. The organic light emitting diode display of claim 2,
wherein thicknesses of the red emission layer and the second
layer are 700 A or less.

7. The organic light emitting diode display of claim 2,
wherein thicknesses of the green emission layer and the
second layer are 600 A or less.

8. The organic light emitting diode display of claim 2,
wherein thicknesses of the blue emission layer and the
second layer are 460 A or less.

9. The organic light emitting diode display of claim 2,
wherein a ratio of the thickness of the red emission layer and
the second layer to the thickness of the blue emission layer
and the second layer is about 1.4 to about 1.8.

10. The organic light emitting diode display of claim 4,
wherein a ratio of the red adjustment factor o, to the blue
adjustment factor o, is about 1.6 to about 2.0.

11. The organic light emitting diode display of claim 1,
wherein a material of the second electrode is any one
selected from silver (Ag) and an alloy thereof.
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12. The organic light emitting diode display of claim 1,
wherein the first electrode is an anode and the second
electrode is a cathode.

13. The organic light emitting diode display of claim 1,
wherein the first layer comprises a hole transport layer
and/or a hole injection layer.

14. The organic light emitting diode display of claim 1,
wherein the second layer comprises an electron transport
layer and/or an electron injection layer.

® 0% % % %
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