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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. 10-2015-0149204, filed in
the Korean Intellectual Property Office on Oct. 27, 2015, the
entire content of which is incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] Aspects of embodiments of the present invention

relate to an organic light emitting diode (OLED) display.
[0004] 2. Description of the Related Art

[0005] An OLED display may include two electrodes and
an organic emission layer interposed therebetween. Elec-
trons injected from one electrode and holes injected from the
other electrode may be combined in the organic emission
layer to generate excitons, and the generated excitons may
release energy to emit light. The OLED display may display
set or predetermined images by using the emitted light. Put
another way, the OLED display may include OLEDs, each
of which may include an anode, a cathode, and an organic
emission layer disposed between the anode and the cathode.
The organic emission layer may emit white light through a
plurality of stacked emission layers, and different colors may
be expressed by disposing different color filters at corre-
sponding locations at which the emitted light passes
through.

[0006] The above information disclosed in this Back-
ground section is only to enhance the 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

[0007] Aspects of embodiments of the present invention
provide for an OLED display. Further aspects are directed to
an OLED display whose OLEDs express white light, and to
improving light emitting efficiency and adjustability of
corresponding color coordinates in such a display.

[0008] According to an embodiment of the present inven-
tion, an organic light emitting diode (OLED) display is
provided. The OLED display includes a substrate, a thin film
transistor (TFT) on the substrate, an OLED connected to the
TFT and configured to emit white light, and a capping layer
on the OLED. The capping layer includes a first high
refractive index layer, a first low refractive index layer, a
second high refractive index layer, and a second low refrac-
tive index layer that are sequentially stacked.

[0009] The OLED display may further include filler on the
capping layer and a color filter on the filler.

[0010] The filler may have a refractive index between
about 1.4 and about 1.6.

[0011] A refractive index of the first high refractive index
layer may be greater than the refractive index of the filler.
[0012] The refractive index of the first high refractive
index layer may be about 0.3 or more greater than the
refractive index of the filler.

[0013] A refractive index of the first low refractive index
layer may be smaller than the refractive index of the first
high refractive index layer.
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[0014] The refractive index of the first low refractive
index layer may be about 0.45 or more smaller than the
refractive index of the first high refractive index layer.
[0015] A refractive index of the second low refractive
index layer may be smaller than the refractive index of the
filler.

[0016] The refractive index of the second low refractive
index layer may be about 0.15 or more smaller than the
refractive index of the filler.

[0017] A refractive index of the second high refractive
index layer may be greater than the refractive index of the
second low refractive index layer.

[0018] The capping layer may further include a thickness
adjustment layer between the first low refractive index layer
and the second high refractive index layer.

[0019] A thickness of the thickness adjustment layer may
be less than a sum of thicknesses of the first high refractive
index layer, the first low refractive index layer, the second
high refractive index layer, and the second low refractive
index layer.

[0020] A refractive index ofthe thickness adjustment layer
may be smaller than or equal to of the refractive index of the
first high refractive index layer, and greater than or equal to
that the refractive index of the second low refractive index
layer.

[0021] The OLED may include a first electrode connected
to the TFT, a light-emitting member on the first electrode,
and a second electrode on the light-emitting member. The
capping layer may be on the second electrode.

[0022] The light-emitting member may include a plurality
of light-emitting units.

[0023] Each of the light-emitting units may be configured
to emit one of red light, blue light, green light, yellow light,
and orange light.

[0024] The plurality of light-emitting units may include
three light-emitting units. Two of the three light-emitting
units may be configured to emit a same color light, and
another of the three light-emitting units be configured to
emit a different color light.

[0025] The plurality of light-emitting units may include
three light-emitting units. The three light-emitting units may
be configured to emit different colors from each other.
[0026] According to the above and other embodiments of
the present invention, it is possible to provide an OLED
display whose OLEDs may express white light having
improved light emitting efliciency and adjustability of cor-
responding color coordinates.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is an equivalent circuit diagram of an
example pixel of an OLED display according to an embodi-
ment of the present invention.

[0028] FIG. 2 is a schematic cross-sectional view of an
example OLED display according to an embodiment of the
present invention.

[0029] FIG. 3 is a schematic cross-sectional view of an
example emission layer (or light-emitting member) of the
OLED display of FIG. 2 according to an embodiment of the
present invention.

[0030] FIG. 4 is a schematic cross-sectional view of an
example capping layer of the OLED display of FIG. 2
according to an embodiment of the present invention.
[0031] FIG. 51is a graph illustrating a relationship between
light intensity and light wavelength of both an example
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OLED display according to an embodiment of the present
invention and a comparable OLED display.

[0032] FIG. 6 is a graph and corresponding white color
coordinate adjustment table illustrating a relationship
between light intensity and light wavelength of example
OLED display according to four embodiments of the present
invention.

[0033] FIG. 7 is a schematic cross-sectional view of an
example capping layer according to another embodiment of
the present invention.

[0034] FIG. 8 is a layout view of an example pixel of an
OLED display according to an embodiment of the present
invention.

[0035] FIG. 9 is an example cross-sectional view of the
OLED display of FIG. 8 taken along line IX-IX according
to an embodiment of the present invention.

DETAILED DESCRIPTION

[0036] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which example embodiments of the invention are shown. As
those skilled in the art would realize, the described embodi-
ments may be modified in various different ways, all without
departing from the spirit or scope of the present invention.
[0037] To more clearly describe embodiments of the pres-
ent invention, parts that are irrelevant to the description may
be omitted, and like numerals refer to like or similar
constituent elements throughout the specification. Further, in
the drawings, the size and thickness of each element are
arbitrarily illustrated for ease of description, and the present
invention is not necessarily limited to those sizes and
thicknesses illustrated in the drawings.

[0038] For example, in the drawings, the thicknesses of
layers, films, panels, regions, etc., may be exaggerated for
clarity or ease of description. It will be understood that when
an element such as a layer, film, region, or substrate, is
referred to as being “on” another element, it may be directly
on the other element or intervening elements may also be
present.

[0039] In addition, unless explicitly described to the con-
trary, the word “comprise” and variations such as “com-
prises” or “comprising” will be understood to imply the
inclusion of stated elements but not the exclusion of any
other elements. Further, in the specification, the word “on”
may mean positioned above or below the object portion, and
does not necessarily mean positioned on the upper side of
the object portion based on a gravitational direction. Fur-
thermore, throughout the specification, the phrase “on a
plane” means viewing a target portion from the top, and the
phrase “on a cross-section” means viewing a cross-section
formed by vertically cutting a target portion from the side.
[0040] Herein, the use of the term “may,” when describing
embodiments of the present invention, refers to “one or more
embodiments of the present invention.” In addition, the use
of alternative language, such as “or,” when describing
embodiments of the present invention, refers to “one or more
embodiments of the present invention” for each correspond-
ing item listed. An example OLED display according to an
embodiment of the present invention will now be described
with reference to FIGS. 1 to 4.

[0041] FIG. 1 is an equivalent circuit diagram of an
example pixel PX of an OLED display according to an
embodiment of the present invention. FIG. 2 is a schematic
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cross-sectional view of an example OLED display according
to an embodiment of the present invention.

[0042] Referring to FIG. 1, the OLED display may include
aplurality of signal lines 121, 171, and 172, and the pixel PX
that may be connected to the signal lines 121, 171, and 172.
Further, the OLED display may include a plurality of such
signal lines 121 arranged in a first direction, a plurality of
such signal lines 171 and a plurality of such signal lines 172
arranged in a second direction crossing the first direction,
and a plurality of such pixels PX arranged in an approximate
matrix form at corresponding crossing regions of the signal
lines 121, 171, and 172,

[0043] The signal lines 121, 171, and 172 may include
gate lines 121 for transmitting gate signals (or scan signals),
data lines 171 for transmitting data signals, and driving
voltage lines 172 for transmitting a driving voltage VDD.
The gate lines 121 may substantially extend in a row
direction and may be parallel or nearly parallel to each other,
and the data lines 171 and the driving voltage lines 172 may
substantially extend in a column direction and may be
parallel or nearly parallel to each other.

[0044] The pixel PX may include a switching thin film
transistor (TFT) Qs, a driving TFT Qd, a storage capacitor
Cst, and an OLED LD. The switching TFT Qs may be
provided with a control terminal, an input terminal, and an
output terminal. The control terminal may be connected to
the gate line 121, the input terminal may be connected to the
data line 171, and the output terminal may be connected to
the driving TFT Qd. The switching TFT Qs may transmit the
data signal being applied to the data line 171 to the driving
TFT Qd in response to the gate signal being applied to the
gate line 121.

[0045] The driving TFT Qd may also be provided with a
control terminal, an input terminal, and an output terminal.
The control terminal may be connected to the switching TFT
Qs, the input terminal may be connected to the driving
voltage line 172, and the output terminal may be connected
to the OLED LD. The driving TFT Qd may output an output
current Id, a magnitude of which varies depending on a
voltage applied between the control terminal and the output
terminal.

[0046] The storage capacitor Cst may be connected
between the control and input terminals of the driving TFT
Qd. The storage capacitor Cst may be charged by the data
signal being applied to the control terminal of the driving
TFT Qd, and may maintain the data signal even after the
switching TFT Qs is turned off.

[0047] The OLED LD is provided with an anode con-
nected to the output terminal of the driving TFT Qd and a
cathode connected to a common voltage Vss. The OLEDs
LD may collectively display images by emitting light, the
corresponding intensities of which vary depending on the
output currents Id of the corresponding driving TFTs Qd.
[0048] The switching TFT Qs and the driving TFT Qd may
be, for example, n-channel electric field effect transistors
(FETs) or p-channel electric FETs. In addition, in other
embodiments, the switching and driving TFTs Qs and Qd,
the storage capacitor Cst, and the OLED LD may be
variously connected.

[0049] Referring to FIG. 2, the OLED display may include
a first substrate 110, a TFT T disposed on the first substrate
110, an insulating layer 170, an OLED LD, a pixel defining
layer 190, a capping layer 200, filler 300, a color filter 400,
and a second substrate 500. The TFT T may be disposed on
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the first substrate 110, and the insulating layer 170 may
cover the TFT T and be disposed on an entire surface of the
first substrate 110. The TFT T may be a driving TFT.
[0050] The OLED LD and the pixel defining layer 190
may be disposed on the insulating layer 170. The OLED LD
may include a first electrode 191, a second electrode 193,
and a light-emitting member 192 disposed between the first
electrode 191 and the second electrode 193. The OLED LD
may emit light depending on a driving signal transmitted
from the TFT T.

[0051] The first electrode 191 may be an anode of the
OLED LD for injecting holes, and the second electrode 193
may be a cathode of the OLED LD for injecting electrons.
However, the present invention is not limited thereto, and in
other embodiments, the first electrode 191 may be the
cathode and the second electrode 193 may be the anode.
[0052] The first electrode 191 may be a reflecting elec-
trode and the second electrode 193 may be a transparent
electrode. The first electrode 191 may be made, for example,
of at least one of magnesium (Mg), silver (Ag), gold (Au),
calcium (Ca), lithium (Li), chromium (Cr), and aluminum
(Al), or a combination thereof. The second electrode 193
may be made, for example, of indium tin oxide (In—Sn—O,
ITO), indium gallium oxide (In—Ga—O0, 1GO), indium zinc
oxide (In—7n—0, IZ0), or a combination thereof, and may
further include, for example, a thin layer of one or more of
a silver-magnesium (Ag—Mg) alloy, a silver-lithium (Ag—
L1) alloy, silver (Ag), magnesium (Mg), and calcium (Ca).
[0053] The pixel defining layer 190 may include an open-
ing 195 and may be disposed on an edge portion of the first
electrode 191 and the insulating layer 170. However, the
present invention is not limited thereto, and in other embodi-
ments, the pixel defining layer 190 may be disposed on the
insulating layer 170 and may be spaced apart from the first
electrode 191.

[0054] The first electrode 191 may be disposed in the
opening 195 of the pixel defining layer 190, and the light-
emitting member 192 (that may emit white light) may be
disposed on the first electrode 191 in the opening 195 of the
pixel defining layer 190. The second electrode 193 may be
disposed on the light-emitting member 192 and the pixel
defining layer 190.

[0055] The capping layer 200 may be disposed on the
second electrode 193. The capping layer 200 may serve to
protect the OLED LD while allowing light emitted from the
light-emitting member 192 to be efficiency outputted to the
outside.

[0056] The filler 300 may be disposed on the capping layer
200. The filler 300 may have a refractive index between
about 1.4 and about 1.6, and may improve structural strength
and durability of the OLED display. Herein, terms such as
“about” are intended to be used as approximations, whose
more precise values (e.g., variations such as 5% or 10%
from the stated value) would be appreciated by one of
ordinary skill in the described technology.

[0057] The color filter 400 may be disposed on the filler
300. The color filter 400 may be, for example, a red color
filter, a green color filter, a blue color filter, or a white color
filter. Any color may be expressed using white light emitted
from the light-emitting member 192 passing through an
appropriately colored one of the color filters 400.

[0058] The second substrate 500 may be disposed on the
color filter 400. The second substrate 500 may be bonded to
the first substrate 110 by a sealant (for example, at peripheral
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portions of the OLED display) to function as an encapsu-
lation substrate. Example structures of the light-emitting
member 192 and the capping layer 200 according to the
embodiments of the present invention will be described with
reference to FIGS. 3 and 4.

[0059] FIG. 3 is a schematic cross-sectional view of an
example emission layer (or light-emitting member) 192 of
the OLED display of FIG. 2 according to an embodiment of
the present invention. FIG. 4 is a schematic cross-sectional
view of an example capping layer 200 of the OLED display
of FIG. 2 according to an embodiment of the present
invention.

[0060] The light-emitting member 192 may include a first
light-emitting unit EML1 (such as an organic light-emitting
unit), a second light-emitting unit EML2, and a third light-
emitting unit EML3 that are sequentially stacked. For
example, the first light-emitting unit EML1 may be disposed
on the first electrode 191. In addition, the light-emitting
member 192 may further include a first charge generation
layer CGL1 disposed between the first light-emitting unit
EML1 and the second light-emitting unit EML2, and a
second charge generation layer CGL2 disposed between the
second light-emitting unit EMI.2 and the third light-emitting
unit EML3.

[0061] Two of the first light-emitting unit EMLI1, the
second light-emitting unit EML2, and the third light-emit-
ting unit EML3 may emit the same color, while the remain-
ing one may emit a different color, and the light-emitting
member 192 may collectively emit white light by combining
light respectively emitted from the light-emitting units
EMLI1, EML2, and EML3. For example, the first light-
emitting unit EML1, the second light-emitting unit EML2,
and the third light-emitting unit EML3 may each emit one of
red light, blue light, green light, yellow light, and orange
light. However, the present invention is not limited thereto,
and the first light-emitting unit EML1, the second light-
emitting unit EML2, and the third light-emitting unit EML3
may respectively emit different colors, while white light may
be emitted by combining the light emitted from the light-
emitting units EML1, EML2, and EML3.

[0062] The first charge generation layer CGL1 and the
second charge generation layer CGL2 may be layers that
generate electron-hole pairs, and the generated holes may be
transmitted to one light-emitting unit and the generated
electrons may be transmitted to another light-emitting unit.
For example, in FIG. 3, when the first electrode 191 is the
anode and the second electrode 193 is the cathode, the
electrons being generated at the first charge generation layer
CGL1 may be transmitted to the first light-emitting umt
EML1 and the holes being generated thereat may be trans-
mitted to the second light-emitting unit EML2.

[0063] In a similar fashion, the electrons being generated
at the second charge generation layer CGL.2 may be trans-
mitted to the second light-emitting unit EML2 and the holes
being generated thereat may be transmitted to the third
light-emitting unit EML3. FElectron efficiency may be
improved due to the first charge generation layer CGL1 and
the second charge generation layer CGL2, which may
increase the lifespan of the OLED LD.

[0064] While the light-emitting member 192 may include
the three light-emitting units EML1, EML2, and EML3 as
illustrated in FIG. 3, the present invention is not limited
thereto, and in other embodiments, the light-emitting mem-
ber 192 may include two light-emitting units emitting dif-
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ferent colors and a charge generation layer disposed between
the two light-emitting units. Each of the light-emitting units
(such as organic light-emitting units) may emit, for example,
one of red, blue, green, vellow, and orange colors.

[0065] The first light-emitting unit EML1, the second
light-emitting unit EML2, and the third light-emitting unit
EML3 may each be formed as multiple layers that may
include at least one of an organic emission layer, a hole
injection layer (HIL), a hole transporting layer (HTL), an
electron transporting layer (ETL), and an electron injection
layer (EIL). When the first light-emitting unit EML1
includes all of the aforementioned layers, the hole injection
layer may be disposed on the first electrode 191 (which may
be an anode), and then the hole transporting layer, the
organic emission layer, the electron transporting layer, and
the electron injection layer may be sequentially stacked on
the hole injection layer.

[0066] Inasimilar fashion, when the second light-emitting
unit EML2 includes all of the aforementioned layers, the
hole injection layer may be disposed on the first charge
generation layer CGL1, and then the hole transporting layer,
the organic emission layer, the electron transporting layer,
and the electron injection layer may be sequentially stacked
on the hole injection layer. In addition, when the third
light-emitting unit EML3 includes all of the aforementioned
layers, the hole injection layer may be disposed on the
second charge generation layer CGL2, and then the hole
transporting layer, the organic emission layer, the electron
transporting layer, and the electron injection layer may be
sequentially stacked on the hole injection layer.

[0067] Referring to FIG. 4, the capping layer 200 may
include a first high refractive index layer 200H1, a first low
refractive index layer 200L1, a second high refractive index
layer 200H2, and a second low refractive index layer 2001.2
that are sequentially stacked. For example, the first high
refractive index layer 200H1 may be disposed on the second
electrode 193. Here, the first high refractive index layer
200H1 and the second low refractive index layer 20012 may
serve to improve efliciency of white light emitted from the
light-emitting member 192 while the first low refractive
index layer 200L1 and the second high refractive index layer
200H2 may serve to adjust hue of the white light emitted
from the light-emitting member 192.

[0068] The first high refractive index layer 200H1 may
have a greater refractive index than the filler 300, which in
some embodiments may have a refractive index of between
about 1.4 and about 1.6. For example, the first high refrac-
tive index layer 200H1 may have a greater refractive index
by about 0.3 or more than that of the filler 300. The first high
refractive index layer 200H1 may be made, for example, of
at least one of a titanium oxide (TiOx), a tungsten oxide
(WOx), molybdenum oxide MoQOj;, cerium oxide (CeO),
cadmium oxide (CdO), copper oxide (CuO), gallium oxide
(Ga,05), and zinc oxide (ZnO) in such combination as to
achieve the desired refractive index discussed above, as
would be apparent to one of ordinary skill.

[0069] The first low refractive index layer 200L1 may
have a smaller refractive index than that of the first high
refractive index layer 200H1. In some embodiments, the first
low refractive index layer 200L.1 may have a smaller refrac-
tive index by about 0.45 or more than that of the first high
refractive index layer 200H1. The first low refractive index
layer 200L1 may be made, for example, of at least one of
BAlq  (bis-(8-hydroxy-2-methylquinoline)-(4-phenylphe-
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noxy)aluminum), lithium fluoride (LiF), Alg, (tris-(8-hy-
roxyquinoline)aluminum),  Liqg  (8-hydroxyquinolato-
lithium), lithium oxide (Li,0), and magnesium oxide (MgO)
in such combination as to achieve the desired refractive
index discussed above, as would be apparent to one of
ordinary skill.

[0070] The second low refractive index layer 20012 may
have a smaller refractive index than that of the filler 300,
which in some embodiments may have a refractive index of
between about 1.4 and about 1.6. In some embodiments, the
second low refractive index layer 200L.2 may have a smaller
refractive index by about 0.15 or more than that of the filler
300. The second low refractive index layer 20012 may be
made, for example, of BAlq (bis-(8-hydroxy-2-methylqui-
noline)-(4-phenylphenoxy Jaluminum), lithium fluoride
(LiF), Alg; (tris-(8-hyroxyquinoline)aluminum), Liq (8-hy-
droxyquinolatolithium), lithium oxide (Li,O), and magne-
sium oxide (MgQ) in such combination as to achieve the
desired refractive index discussed above, as would be appar-
ent to one of ordinary skill.

[0071] The second high refractive index layer 200H2 may
have a greater refractive index than that of the second low
refractive index layer 200L.2. The second high refractive
index layer 200H2 may be made, for example of at least one
of a titanium oxide (TiOx), a tungsten oxide (WOx), molyb-
denum oxide (M0O,), cerium oxide (CeO), cadmium oxide
(CdO), copper oxide (CuO), gallium oxide (Ga,0O;), and
zinc oxide (ZnO) in such combination as to achieve the
desired refractive index discussed above, as would be appar-
ent to one of ordinary skill.

[0072] Due to the refractive index differences between the
first high refractive index layer 200H1, the first low refrac-
tive index layer 200L1, the second high refractive index
layer 200H2, and the second low refractive index layer
20012 of the capping layer 200, some of the white light
emitted from the OLED LD may transmit through the
capping layer 200, and some of the white light may be
reflected by the capping layer 200. For example, the white
light may be reflected at an interface between the first high
refractive index layer 200H1 and the first low refractive
index layer 200L1, at an interface between the first low
refractive index layer 20011 and the second high refractive
index layer 200H2, at an interface between the second high
refractive index layer 200H2 and the second low refractive
index layer 20012, or at an interface between the filler 300
and the second low refractive index layer 200L.2.

[0073] The light reflected due to the capping layer 200
may again be reflected by the first electrode 191 and this
process repeated, thereby amplifying the light. In addition,
reflection of the light may be repeated inside the capping
layer 200, thereby amplifying the light. For example, the
reflection thereof may be repeated at the interface between
the first high refractive index layer 200H1 and the first low
refractive index layer 200L1, at the interface between the
first low refractive index layer 20011 and the second high
refractive index layer 200H2, at the interface between the
second high refractive index layer 200H2 and the second
low refractive index layer 20012, or at the interface between
the filler 300 and the second low refractive index layer
200L.2.

[0074] The OLED display may effectively amplify the
light through such a resonance effect, thereby improving the
light emitting efficiency. Further, desired color coordinates
may be easily adjusted through the structure of the capping
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layer 200, as described below and as would be apparent to
one of ordinary skill. Light emitting efficiency improvement
and improved color coordinate adjustment for OLED dis-
plays in which such capping layers 200 are formed will be
described with reference to FIGS. 5 and 6.

[0075] FIG. 51s a graph illustrating a relationship between
light intensity and light wavelength of both an OLED
display according to an embodiment of the present invention
and a comparable OLED display.

[0076] The OLED display embodiment may be formed
with a light-emitting member 192 in which a blue light-
emitting unit EML1, a yellow light-emitting unit EML.2, and
another blue light-emitting unit ELM3 are sequentially
stacked to emit white light, and a capping layer 200 accord-
ing to FIG. 4, e.g., in which a first high refractive index layer
200H1, a first low refractive index layer 20011, a second
high refractive index layer 200H2, and a second low refrac-
tive index layer 20012 are sequentially stacked. For
example, the second electrode 193 may be made of an
Ag—Mg alloy and a thickness thereof be about 60 A, the
first high refractive index layer 200H1 may be made of a
WOx and a thickness thereof be about 55 A, the first low
refractive index layer 200L1 may be made of LiF and a
thickness thereof be about 60 A, the second high refractive
index layer 200H2 may be made of a TiOx and a thickness
thereof be about 55 A, and the second low refractive index
layer 20012 may be made of Liq and a thickness thereof be
about 55 A.

[0077] A comparable OLED display may have a structure
in which a blue light-emitting unit, a yellow light-emitting
unit, and a blue light-emitting unit are sequentially stacked
to emit white light, and which further has a capping layer
formed as a single layer.

[0078] Referring to FIG. 5, it can be seen that the intensity
of the blue light and the yellow light of the OLED display
embodiment is greater than that of the comparable OLED
display. Therefore, it can be seen that the light emitting
efficiency of the OLED display embodiment is improved
compared to the comparable OLED display.

[0079] FIG. 6 is a graph and corresponding white color
coordinate adjustment table illustrating a relationship
between light intensity and light wavelength of an example
OLED display according to four embodiments of the present
invention.

[0080] The OLED display may be formed with a light-
emitting member 192 in which a blue light-emitting unit
EMLI, a yellow light-emitting unit EML2, and a blue
light-emitting EML3 unit are sequentially stacked to emit
white light, and a capping layer 200 according to FIG. 4,
e.g., in which a first high refractive index layer 200H1, a first
low refractive index layer 20011, a second high refractive
index layer 200H2, and a second low refractive index layer
20012 are sequentially laminated.

[0081] For example, the second electrode 193 may be
made of an Ag—Mg alloy and a thickness thereof be about
60 A, the first high refractive index layer 200H1 may be
made of a WOx and a thickness thereof be about 55 A, the
second high refractive index layer 200H2 may be made of a
TiOx and a thickness thereof be about 40 A, and the second
low refractive index layer 200L.2 may be made of Liq and a
thickness thereof be about 65 A.

[0082] In addition, the first low refractive index layer
200L1 may be made of LiF and a thickness thereof be
different according to Example Embodiments A, B, C, and
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D. The thickness of the first low refractive index layer 20011
of Embodiment A may be about 30 A, the thickness of the
first low refractive index layer 20011 of Embodiment B may
be about 50 A, the thickness of the first low refractive index
layer 20011 of Embodiment C may be about 70 A, and the
thickness of the first low refractive index layer 200L1 of
Embodiment D may be about 90 A.

[0083] Referring to FIG. 6, it can be seen that spectrums
vary according to Embodiments A, B, C, and D, and the
corresponding white light color coordinates are changed. As
such, it can be seen that the color coordinates may be
adjusted to desired white color coordinates by adjusting the
thickness of the first low refractive index layer, 200L1. The
thickness of the first low refractive index layer 20011 may
thus be adjusted to form different embodiments, but the
present invention is not limited thereto. In other embodi-
ments, for example, it may be possible to adjust the color
coordinates to desired white color coordinates by adjusting
the thickness of a different layer.

[0084] In other embodiments, the capping layer 200 of the
OLED display may have a structure that is different from
that of the capping layer 200 of F1G. 4. A capping layer 200
according to another embodiment of the present invention
will be described with reference to FIG. 7.

[0085] FIG. 7 is a schematic cross-sectional view of an
example capping layer 200 according to another embodi-
ment of the present invention.

[0086] Referring to FIG. 7, the capping layer 200 may
have a thickness adjustment layer 200T for adjusting an
optical compensation thickness. In further detail, the cap-
ping layer 200 of FIG. 7 may include a first high refractive
index layer 200H1, a first low refractive index layer 20011,
the thickness adjustment layer 2007, a second high refrac-
tive index layer 200H2, and a second low refractive index
layer 20012 that are sequentially stacked. The first high
refractive index layer 200H1, the first low refractive index
layer 20011, the second high refractive index layer 200H2,
and the second low refractive index layer 20012 may be
substantially the same as those of the capping layer 200 of
FIG. 4.

[0087] The thickness of the thickness adjustment layer
200T may be less than or equal to the sum of the thicknesses
of the first high refractive index layer 200H1, the first low
refractive index layer 200L1, the second high refractive
index layer 200H2, and the second low refractive index layer
200L2. In addition, the refractive index of the thickness
adjustment layer 200T may be the same as that of the first
high refractive index layer 200H1 or the second low refrac-
tive index layer 20012, or may be between the refractive
indices of the first high refractive index layer 200H1 and the
second low refractive index layer 2000.2. The thickness
adjustment layer 200T may be made, for example, of one or
more of barium chloride (BaCl), -beryllium oxide (BeO),
cesium fluoride (CeF;), germanium oxide (GeQ), and spinel
(MgALO,).

[0088] In the capping layer 200 of FIG. 7, the thickness
adjustment layer 200T may be formed as a single layer, but
the present invention is not limited thereto, and in other
embodiments, the thickness adjustment layer 200T may
include a plurality of layers. For example, the sum of the
thicknesses of the plurality of layers may be less than or
equal to the sum of the thicknesses of the first high refractive
index layer 200H1, the first low refractive index layer
20011, the second high refractive index layer 200H2, and
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the second low refractive index layer 200L.2. In addition, the
refractive index of each of the plurality of layers may be the
same as that of the first high refractive index layer 200H1 or
the second low refractive index layer 200L2, or may be
between the refractive indices of the first high refractive
index layer 200H1 and the second low refractive index layer
200L.2.

[0089] The structure of an example OLED display accord-
ing to another embodiment of the present invention will be
described more fully with reference to FIGS. 8 and 9.
[0090] FIG. 8 is a layout view of an example pixel of an
OLED display according to an embodiment of the present
invention. FIG. 9 is an example cross-sectional view of the
OLED display of FIG. 8 taken along line IX-IX according
to an embodiment of the present invention.

[0091] Referring to FIGS. 8 and 9, in the OLED display,
a plurality of thin film structural elements may be disposed
on a first substrate 110. Hereinafter, the plurality of thin film
structural elements will be described in further detail.
[0092] A buffer layer 120 may be disposed on the first
substrate 110. The first substrate 110 may be, for example,
a transparent insulating substrate that is made of glass,
quartz, ceramic, or plastic. Further, the first substrate 110
may be a metallic substrate made of stainless steel or the
like.

[0093] The buffer layer 120 may be formed as a single
layer of a silicon nitride (SiNx) or as a dual-layer in which
a silicon nitride (SiNx) and a silicon oxide (SiOx) are
stacked. The buffer layer 120 may serve to flatten a surface
while preventing permeation of unnecessary materials such
as impurities or moisture. The buffer layer 120 may be
omitted according to a kind of the first substrate 110 and a
processing condition thereof.

[0094] A switching semiconductor layer 1544 and a driv-
ing semiconductor layer 1545 may be disposed on the buffer
layer 120 and be spaced apart from each other. The switch-
ing semiconductor layer 154a may be made of polycrystal-
line silicon, and may include a switching channel region
15454, a switching source region 1546a, and a switching
drain region 1547a. The driving semiconductor layer 1545
may be made of polycrystalline silicon, and may include a
driving channel region 15456, a driving source region
15465, and a driving drain region 1547b. The switching
source region 1546a and the switching drain region 1547a
may be disposed at opposite sides of the switching channel
region 15454, and the driving source region 15465 and the
driving drain region 154756 may be disposed at opposite
sides of the driving channel region 15455.

[0095] The switching and driving channel regions 1545a
and 1545 may be made of polycrystalline silicone that is
not doped with an impurity, i.e., an intrinsic semiconductor,
and the switching and driving source regions 1546a and
15464 and the switching and driving drain regions 1547a
and the 15475 may be made of polycrystalline silicon that is
doped with a conductive impurity, i.e., an impurity semi-
conductor.

[0096] A gate insulating layer 140 may be disposed on the
buffer layer 120, the switching semiconductor layer 154a,
and the driving semiconductor layer 1545. The gate insu-
lating layer 140 may be a single layer or multiple layers
including at least one of a silicon nitride and a silicon oxide.
[0097] A gate line 121 and a first storage capacitive plate
128 may be disposed on the gate insulating layer 140. The
gate line 121 may extend in a horizontal direction to transmit
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the gate signal, and may include a switching gate electrode
1244 that protrudes from the gate line 121 to the switching
semiconductor layer 154a. The switching gate electrode
1244 may overlap the switching channel region 1545a.
[0098] The first storage capacitive plate 128 may include
a driving gate electrode 1245 that protrudes from the first
storage capacitive plate 128 to the driving semiconductor
layer 154b. The driving gate electrode 1245 may overlap the
driving channel region 1545b.

[0099] An interlayer insulating layer 160 may be disposed
on the gate line 121, the first storage capacitive plate 128,
and the buffer layer 120. The interlayer insulating layer 160
may be a single layer or multiple layers including at least
one of a silicon nitride and a silicon oxide.

[0100] The interlayer insulating layer 160 and the gate
insulating layer 140 may be provided with a switching
source exposure hole 61a and a switching drain exposure
hole 62a through which the switching source region 1546a
and the switching drain region 1547a are respectively
exposed. Further, the interlayer insulating layer 160 and the
gate insulating layer 140 may be provided with a driving
source exposure hole 615 and a driving drain exposure hole
625 through which the driving source region 15465 and the
driving drain region 1547b are respectively exposed. In
addition, the interlayer insulating layer 160 may be provided
with a first contact hole 63 through which a portion of the
first storage capacitive plate 128 is exposed.

[0101] A data line 171, a driving voltage line 172, a
switching drain electrode 1754, and a driving drain electrode
1755 may be disposed on the interlayer insulating layer 160.
The data line 171 may extend in a direction crossing the gate
line 121 and may include a switching source electrode 1734
that transmits the data signal and protrudes toward the
switching semiconductor layer 1544 from the data line 171.
[0102] The driving voltage line 172 may transmit the
driving voltage, be separated from the data line 171, and
extend in the same direction as the data line 171. The driving
voltage line 172 may include a driving source electrode
1735 that protrudes toward the driving semiconductor layer
1545 from the driving voltage line 172, and a second storage
capacitive plate 178 that protrudes from the driving voltage
line 172 to overlap the first storage capacitive plate 128. The
first storage capacitive plate 128 and the second storage
capacitive plate 178 may form the storage capacitor Cst by
using the interlayer insulating layer 160 as a dielectric
material.

[0103] The switching drain electrode 175¢ may face the
switching source electrode 173a, and the driving drain
electrode 1756 may face the driving source electrode 1735.
The switching source electrode 1734 and the switching drain
electrode 175a may be respectively connected to the switch-
ing source region 15464 and the switching drain region
1547a through the switching source exposure hole 61a and
the switching drain exposure hole 62a. Further, the switch-
ing drain electrode 175a may be electrically connected to the
first storage capacitive plate 128 and the driving gate elec-
trode 12454 through the first contact hole 63 that extends to
be formed in the interlayer insulating layer 160.

[0104] The driving source electrode 1735 and the driving
drain electrode 1755 may be respectively connected to the
driving source region 15465 and the driving drain region
15475 through the driving source exposure hole 615 and the
driving drain exposure hole 62b. The switching semicon-
ductor layer 154a, the switching gate electrode 124a, the
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switching source electrode 173a, and the switching drain
electrode 1754 may form the switching TFT Qs, and the
driving semiconductor layer 1545, the driving gate electrode
1245, the driving source electrode 1735, and the driving
drain electrode 1756 may form the driving TFT Qd.
[0105] A planarization layer 180 may be disposed on the
interlayer insulating layer 160, the data line 171, the driving
voltage line 172, the switching drain electrode 175a, and the
driving drain electrode 1756. The planarization layer 180
may be made of an organic material, and an upper surface
thereof may be flattened. The planarization layer 180 may be
provided with a second contact hole 185 through which the
driving drain electrode 1755 is exposed.

[0106] An OLED LD and a pixel defining layer 190 may
be disposed on the planarization layer 180. The OLED LD
may include a first electrode 191, a light-emitting member
192, and a second electrode 193.

[0107] The first electrode 191 may be disposed on the
planarization layer 180 and be electrically connected to the
driving drain electrode 1755 of the driving TFT Qd through
the second contact hole 185 formed in the planarization
layer 180. The first electrode 191 may be an anode of the
OLED LD. The first electrode 191 may be a reflecting
electrode, and may include, for example, at least one of
magnesium (Mg), silver (Ag), gold (Au), calcium (Ca),
lithium (L), chromium (Cr), and aluminum (Al), or an alloy
thereof.

[0108] The pixel defining layer 190 may include the
opening 195, and be disposed on the planarization layer 180
(or the insulating layer 170 as shown in FIG. 2) and the edge
portion of the first electrode 191. The pixel defining layer
190 is not limited thereto, and in other embodiments, it may
be disposed on the planarization layer 180 or the insulating
layer 170 and be spaced apart from the first electrode 191.
[0109] The first electrode 191 may be disposed in the
opening 195 of the pixel defining layer 190, and the light-
emitting member 192 may emit white light and be disposed
on the first electrode 191 in the opening 195 of the pixel
defining layer 190. The light-emitting member 192, as
shown in FIG. 3, may include a plurality of light-emitting
units and a plurality of charge generation layers, and it may
emit white light by combining the light emitted from the
plurality of light-emitting units.

[0110] The second electrode 193 may be disposed on the
light-emitting member 192 and the pixel defining layer 190.
The second electrode 193 may be a transparent electrode,
and may be made, for example, of indium tin oxide (In—
Sn—0, ITO), indium gallium oxide (In—Ga—0, 1GO),
indium zinc oxide (In—Zn—0, IZ0), or a combination
thereof, and may further be made, for example, with one or
more of a thin layer of a silver-magnesium (Ag—Mg) alloy,
a silver-lithium (Ag—1L.i) alloy, silver (Ag), magnesium
(Mg), or calcium (Ca). The second electrode 193 may
become a cathode of the OLED LD.

[0111] A capping layer 200 may be disposed on the second
electrode 193. The capping layer 200, as shown in FIG. 4,
may include a plurality of layers.

[0112] Filler 300 may be disposed on the capping layer
200. The filler 300 may have a refractive index between
about 1.4 and about 1.6, and may serve to improve structural
strength and durability of the OLED display.

[0113] A color filter 400 and a light blocking layer 450
may be disposed on the filler 300. The light blocking layer
450 may overlap the data line 171, and the color filter 400

Apr. 27,2017

be disposed between the light blocking layers 450. The color
filter 400 may be, for example. a red color filter, a green
color filter, a blue color filter, or a white color filter. Each
color may be displayed by white light emitted from the
light-emitting member 192 passing through a corresponding
one of the color filters 400.

[0114] A second substrate 500 may be disposed on the
color filter 400 and the light blocking layer 450. The second
substrate 500 may be bonded to the first substrate 110 by a
sealant to function as an encapsulation substrate.

[0115] While this invention has been described in connec-
tion with what is presently considered to be practical
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 modifications and equivalent
arrangements included within the spirit and scope of the
appended claims, and equivalents thereof.

DESCRIPTION OF SOME SYMBOLS
[0116]

110: first substrate
124a: switching gate electrode 124b: driving gare electrode

128: first storage capacitive plate 140: gate insulating layer

134a: switching semiconductor layer 154b: driving semiconductor layer
170: insulating layer

171: data line

173a: switching source electrode
175a: switching drain electrode
178: second storage capacitive plate
190: pixel defining layer

192: light-emitting member

200: capping layer

400: color filter

500: second substrate

121: gate line

172: driving voltage line
173b: driving source electrode
175b: driving drain electrode
180: planarization layer

191: first electrode

193: second electrode

300: filler

450: light blocking layer

What is claimed is:
1. An organic light emitting diode (OLED) display, com-
prising:
a substrate;
a thin film transistor (TFT) on the substrate;
an OLED connected to the TFT and configured to emit
white light; and
a capping layer on the OLED,
wherein the capping layer comprises a first high refractive
index layer, a first low refractive index layer, a second
high refractive index layer, and a second low refractive
index layer that are sequentially stacked.
2. The OLED display of claim 1, further comprising;
filler on the capping layer; and
a color filter on the filler.
3. The OLED display of claim 2, wherein the filler has a
refractive index between about 1.4 and about 1.6.

4. The OLED display of claim 3, wherein a refractive
index of the first high refractive index layer is greater than
the refractive index of the filler.

5. The OLED display of claim 4, wherein the refractive
index of the first high refractive index layer is about 0.3 or
more greater than the refractive of the filler.

6. The OLED display of claim 5, wherein a refractive
index of the first low refractive index layer is smaller than
the refractive index of the first high refractive index layer.
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7. The OLED display of claim 6, wherein the refractive
index of the first low refractive index layer is about 0.45 or
more smaller than the refractive index of the first high
refractive index layer.

8. The OLED display of claim 7, wherein a refractive
index of the second low refractive index layer is smaller than
the refractive index of the filler.

9. The OLED display of claim 8, wherein the refractive
index of the second low refractive index layer is about 0.15
or more smaller than the refractive index of the filler.

10. The OLED display of claim 9, wherein a refractive
index of the second high refractive index layer is greater
than the refractive index of the second low refractive index
layer.

11. The OLED display of claim 10, wherein the capping
layer further comprises a thickness adjustment layer
between the first low refractive index layer and the second
high refractive index layer.

12. The OLED display of claim 11, wherein a thickness of
the thickness adjustment layer is less than or equal to a sum
of thicknesses of the first high refractive index layer, the first
low refractive index layer, the second high refractive index
layer, and the second low refractive index layer.

13. The OLED display of claim 12, wherein a refractive
index of the thickness adjustment layer is smaller than or
equal to of the refractive index of the first high refractive
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index layer, and greater than or equal to that the refractive
index of the second low refractive index layer.

14. The OLED display of claim 1, wherein

the OLED comprises:

a first electrode connected to the TET;

a light-emitting member on the first electrode; and

a second electrode on the light-emitting member, and
the capping layer is on the second electrode.

15. The OLED display of claim 14, wherein the light-
emitting member comprises a plurality of light-emitting
units.

16. The OLED display of claim 15, wherein each of the
light-emitting units is configured to emit one of red light,
blue light, green light, yellow light, and orange light.

17. The OLED display of claim 16, wherein

the plurality of light-emitting units comprises three light-

emitting units, and

two of the three light-emitting units are configured to emit

a same color light, and another of the three light-
emitting units is configured to emit a different color
light.

18. The OLED display of claim 16, wherein

the plurality of light-emitting units comprises three light-

emitting units, and

the three light-emitting units are configured to emit dif-

ferent colors from each other.
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