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(7) ABSTRACT

An organic light emitting display panel including a first
electrode, a second electrode on the first electrode, an
organic layer between the first electrode and the second
electrode and including at least one light emitting layer, an
organic cover layer disposed on the second electrode, a
lower layer between the organic cover layer and the second
electrode and including a first layer, a second layer, and a
third layer, which are different from each other and are
sequentially stacked, and an upper layer on the organic cover
layer. The first layer contacts the second electrode. The
second layer and the third layer each include a silicon
compound.
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FIG. 7A
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DISPLAY PANEL AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2016-0147653,
filed on Nov. 7, 2016, in the Korean Intellectual Property
Office, and entitled: “Display Panel and Method of Manu-
facturing the Same,” is incorporated by reference herein in
its entirety.

BACKGROUND

1. Field

[0002] The present disclosure herein relates to a display
panel and a method of manufacturing the same, and more
particularly, to a display panel with a simplified manufac-
turing process, and a method of manufacturing the same.

2. Description of the Related Art

[0003] Adisplay panel displays an image in response to an
electric signal, and provides information to a user through
the image. A display panel may include various embodi-
ments, e.g., a liquid crystal display panel, an organic light
emitting display panel, an electrophoretic display panel, an
electro-wetting display panel, and the like.

[0004] An organic light emitting display panel has a fast
response time, is driven by a low voltage, and includes an
organic light emitting diode which is a self-luminous type
device. Accordingly, an organic light emitting display panel
has many advantages such as being lightweight and thin,
since an light source can be omitted, having excellent
luminance, having no dependency on the viewing angle, and
SO on.

[0005] An organic light emitting display panel includes a
plurality of organic layers and inorganic layers. An organic
light emitting display panel can be formed through various
manufacturing processes in which multiple layers are
formed.

SUMMARY

[0006] An embodiment provides an organic light emitting
display panel including a first electrode, a second electrode
disposed on the first electrode, an organic layer disposed
between the first electrode and the second electrode and
including at least one light emitting layer, an organic cover
layer disposed on the second electrode, a lower layer dis-
posed between the organic cover layer and the second
electrode and including a first layer, a second layer, and a
third layer, which are different from each other and sequen-
tially laminated, and an upper layer disposed on the organic
cover layer, wherein the first layer comes in contact with the
second electrode, the second layer and the third layer each
include a silicon compound.

[0007] An optical path of the second layer is defined by a
product of a refractive index of the second layer and the
thickness of the second layer, and may be from about 280 A
to about 900 A range.

[0008] In an embodiment, the second layer may have a
lower reflective index than the first layer, and the difference
between the reflective index of the second layer and the
reflective index of the first layer may be equal to or more
than 0.2.
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[0009] In an embodiment, the second layer may include a
silicon oxide.
[0010] In an embodiment, the thickness of the second

layer may be within from about 200 A to about 600 A range.
[0011] In an embodiment, the third layer may include a
silicon oxynitride or silicon nitride.

[0012] In an embodiment, the thickness ratio of the third
layer to the second layer when the third layer includes a
silicon oxynitride may be relatively smaller than the thick-
ness ratio of the third layer to the second layer when the third
layer includes a silicon nitride.

[0013] In an embodiment, the lower layer may further
include a fourth layer which is disposed between the third
layer and the organic cover layer and comes in contact with
the third layer, wherein the fourth layer may include a silicon
compound.

[0014] In an embodiment, the fourth layer may have
higher oxygen content than the third layer.

[0015] In an embodiment, the organic layer may further
include a hole control layer disposed between the light
emitting layer and the first electrode, and an electron control
layer disposed between the light emitting layer and the
second electrode, and the first layer may include a host
material of the hole control layer or the electron control
layer.

[0016] In an embodiment, the first electrode may be pro-
vided in plurality; the light emitting layer may include a first
organic pattern disposed on one first electrode among the
plurality of first electrodes and generating a first color light,
and a second organic pattern disposed on another first
electrode among the plurality of first electrodes and gener-
ating a second color light different from the first color; the
first organic pattern and the second organic pattern may have
thicknesses different from each other; and, out of the second
layer, the thickness of a portion overlapping the first organic
pattern may be substantially the same as the thickness of a
portion overlapping the second organic pattern.

[0017] In an embodiment, a method of manufacturing an
organic light emitting display panel includes: forming, on a
substrate, a first electrode, an organic layer disposed on the
first electrode, and a second electrode disposed on the
organic layer; forming, on the second electrode, a first layer
contacting the second electrode; sequentially laminating, on
the first layer, a second layer and a third layer each including
a silicon compound; forming an organic cover layer of an
organic material on the third layer, forming an upper layer
of an inorganic material on the third layer, wherein the
second layer and the third layer are formed through the same
process.

[0018] In anembodiment, the second layer may be formed
of a silicon oxynitride.

[0019] In an embodiment, the third layer may be formed
of a silicon nitride or silicon oxynitride.

[0020] In an embodiment, the second layer and the third
layer may be each formed by chemical vapor deposition.
[0021] In an embodiment, the second layer and the third
layer may be continuously formed in the same chamber.

BRIEF DESCRIPTION

[0022] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:
[0023] FIG. 1A illustrates a simplified perspective view of
a display panel according to an embodiment;



US 2018/0130858 A1

[0024] FIG. 1B illustrates a cross-sectional view of a
display panel shown in FIG. 1A;

[0025] FIG. 1C illustrates an equivalent circuit diagram of
a part of the configuration of FIG. 1A.

[0026] FIG. 2 illustrates a partial cross-sectional view of a
display panel according to an embodiment.

[0027] FIG. 3 illustrates a cross-sectional view of a por-
tion of a display panel according to an embodiment.
[0028] FIG. 4 illustrates a cross-sectional view of a part of
an optical path of a display panel according to an embodi-
ment.

[0029] FIG. SAillustrates a graph of a luminance life of a
display panel according to an embodiment.

[0030] FIG. 5B illustrates a graph of a color life of a
display panel according to an embodiment.

[0031] FIG. 6 illustrates a cross-sectional view of a por-
tion of a display panel according to.

[0032] FIG. 7A illustrates a plan view of a portion of a
display panel according to an embodiment.

[0033] FIG. 7B illustrates cross-sectional view along I-I'
in FIG. 7A.
[0034] FIG. 8 illustrates a cross-sectional view of a por-

tion of a display panel according to an embodiment.

DETAILED DESCRIPTION

[0035] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the
art.

[0036] In the drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration. It
will also be understood that when a layer or element is
referred to as being “on” another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers
may also be present. Further, it will be understood that when
a layer is referred to as being “under” another layer, it can
be directly under, and one or more intervening layers may
also be present. 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. Like reference
numerals refer to like elements throughout.

[0037] FIG. 1A is a simplified perspective view showing
a display panel according to an embodiment. FIG. 1B is a
cross-sectional view of a display panel illustrated in FIG.
1A. FIG. 1C is an equivalent circuit diagram showing a part
of the configuration of FIG. 1A. Hereinafter, referring to
FIG. 1A to FIG. 1C, the display panel 100 according to an
embodiment is explained.

[0038] A display panel 100 displays an image generated
according to an electric signal. The display panel 100 may
include various embodiments. For example, the display
panel 100 may be at least one of an organic light emitting
display panel, a liquid crystal display panel, an electropho-
retic display panel, or an electro-wetting display panel.
[0039] However, this is exemplarily described. The dis-
play panel 100 according to an embodiment may include
various embodiments and is not limited to any particular
display panel as long as it displays an image in response to
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an electric signal. In this embodiment, the display panel 100
is explained using an organic light emitting display panel as
an example.

[0040] The display panel 100 may include a plurality of
pixels PX. The plurality of pixels PX may be arranged in a
matrix form on a plane defined by a first direction D1 and a
second direction D2. However, this is exemplarily
described. The plurality of pixels PX may be arranged in
various forms and are not limited to any particular arrange-
ment.

[0041] The plurality of pixels PX may include a first pixel
PX1, a second pixel PX2, and a third pixel PX3. The first to
third pixels PX1 to PX3 may generate light having different
colors from each other. For example, the first pixel PX1 may
generate a first color light, the second pixel PX2 may
generate a second color light, and the third pixel PX3 may
generate a third color light.

[0042] The display panel 100 may be divided into a
plurality of pixel areas and a non-pixel area on a plane. Each
of the plurality of pixels PX may be disposed in the plurality
of pixel areas. Accordingly, the display panel 100 may
implement an image using a combination of light generated
though the plurality of pixel areas.

[0043] Referring to FIG. 1B, the display panel 100 may
include a base substrate BS, a pixel layer PL, a lower layer
LL, an organic cover layer MN, an upper layer UL, and a
window member WM. The base substrate BS may be an
insulation layer. For example, the base substrate BS may be
an insulation film, a plastic substrate, or a glass substrate.

[0044] The pixel layer PL is disposed on the base substrate
BS. The pixel layer PL, may include the plurality of pixels
PX. For ease of explanation, an equivalent circuit diagram of
the first pixel PX1 of FIG. 1A is exemplarily described in
FIG. 1C. Meanwhile, each of the plurality of pixels PX
according to an embodiment may have a configuration
corresponding to the first pixel PX1 and is not limited to any
one embodiment.

[0045] As shown in FIG. 1C, the first pixel PX1 may
include a first transistor TFT1, a capacitor Cap, a second
transistor TFT2, and an organic light emitting diode OLED.
The first transistor TFT1 may include a control electrode
connected to a first signal line SL, an input electrode
connected to a second signal line DL, and an output elec-
trode.

[0046] The first transistor TFT1 may be a switching device
configured to control the on/off of the first pixel PX1. The
first transistor TFT1 may transmit or block a data signal
transmitted through the second signal line DL in response to
a scan signal transmitted through the first signal line SL.

[0047] The capacitor Cap includes a first capacitor elec-
trode connected to the first transistor TFT1 and a second
capacitor electrode receiving a first power voltage ELVDD.
The capacitor Cap charges up to the amount of electric
charge corresponding to the difference between the voltages
which are corresponding to data signals received from the
first transistor TFT1 and the first power voltage ELVDD.

[0048] The second transistor TFT2 includes a control
electrode connected to the output electrode of the first
transistor TFT1 and the first capacitor electrode of the
capacitor Cap, an input electrode receiving the first power
voltage ELVDD, and an output electrode. The output elec-
trode of the second transistor TFT2 is connected to the
organic light emitting diode OLED.



US 2018/0130858 A1

[0049] The second transistor TFT2 controls a driving
current flowing in the organic light emitting diode OLED
corresponding to the amount of electric charge stored in the
capacitor Cap. Depending on the amount of electric charge
stored in the capacitor Cap, the turn-on time of the second
transistor TFT2 is determined. Substantially, the output
electrode of the second transistor TFT2 provides the organic
light emitting diode OLED with a lower level voltage than
the first power voltage ELVDD.

[0050] The organic light emitting diode OLED is con-
nected to the second transistor TFT2, and receives a second
power voltage ELVSS. The organic light emitting diode
OLED emits light during the turn-on period of the second
transistor TFT2.

[0051] The organic light emitting diode OLED includes a
light emitting material. The organic light emitting diode
OLED may generate light of a color corresponding to the
light emitting material. The color of the light generated in
the organic light emitting diode OLED may be one of red,
green, blue, or white.

[0052] Referring back to FI1G. 1B, the lower layer LL is on
the pixel layer PL and covers the pixel layer PL, e.g., at least
overlaps a top surface of the pixel layer PL in a third
direction D3. The lower layer LL may contact, e.g., directly
contact, the pixel layer PL. At least a portion of the lower
layer LI may cover side surfaces of the pixel layer PL. e.g.,
may directly contact the side surface. The lower layer LL
may extend along an entirety of the side surfaces and may
extend along an upper surface of the base substrate BS in a
first direction D1. The lower layer LL may include a
plurality of thin film layers, as will be described in detail
below.

[0053] The organic cover layer MN is on the lower layer
LL. The organic cover layer MN may include an organic
material. The organic cover layer MN may have a relatively
large thickness as compared to adjacent layers. For example,
the organic cover layer MN may have a thickness larger than
the lower layer LL and the upper layer UL, respectively.
[0054] The organic cover layer MN may cover the upper
surface of the lower layer LL to provide a flat surface on the
upper side of thereof. Accordingly, the organic cover layer
MN may have different thicknesses depending on the areas
thereof. The thickness distribution according to the areas of
the organic cover layer MN may be different depending on
the condition of the upper surface of the lower layer LL.
[0055] The upper layer UL is on the organic cover layer
MN. The upper layer UL may be electrically insulated. The
upper layer UL may include an inorganic material. For
example, the upper layer UL may include a silicon com-
pound.

[0056] The upper layer UL covers the organic cover layer
MN, e.g., an upper surface thereof, and blocks the contact
between the outside and the organic cover layer MN. In
addition, the upper layer UL may block moisture and the like
generated from the organic cover layer MN from escaping to
the outside.

[0057] The window member WM is on the upper layer
UL. The window member WM may cover the pixel layer PL,
entirely on a plane, e.g., may overlap the pixel layer PL in
the third direction D3. The window member WM may
include a material with high transmittance. The window
member WM may allow the light generated in the pixel layer
PL to be easily seen from the outside, and protects the pixel
layer PL from an external impact.
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[0058] FIG. 2 is a partial cross-sectional view of a display
panel according to an embodiment. For ease of explanation,
FIG. 2 shows an area in which a part of the configurations
of the first pixel PX1 shown in FIG. 1C is arranged.
[0059] As shown in FIG. 2, the pixel layer PL (see FIG.
1B), may further include a first insulation layer 1, a second
insulation layer 1.2, a third insulation layer L3, and a fourth
insulation layer PDL. A semiconductor pattern SM2 of the
second transistor TFT2 may be between the first insulation
layer L1 and the base substrate BS. A control electrode CE2
of the second transistor TFT2 may be between the first
insulation layer L1 and the second insulation laver L2.
[0060] In addition, an input electrode IE2 and an output
electrode OE2 of the second transistor TFT2 may be
between the second insulation layer .2 and the third insu-
lation layer LL3. The input electrode 1E2 and the output
electrode OE2 are spaced apart from each other along the
first direction. The input electrode IE2 and the output
electrode OE2 may penetrate the first insulation layer L1 and
the second insulation layer 1.2 respectively, to be connected
to the semiconductor pattern SM2.

[0061] Meanwhile, this is exemplarily described. The sec-
ond transistor TFI2 according to an embodiment may
include the input electrode IE2, the output electrode OE2,
the semiconductor pattern SM2, and the control electrode
CE2 which are disposed in various positions, and is not
limited to any one embodiment.

[0062] The organic light emitting diode OLED is on the
third insulation layer L3. The organic light emitting diode
OLED may include a first electrode ED1, an organic layer
OL, and a second electrode ED2 which are sequentially
stacked, e.g., laminated, along the third direction D3.
[0063] The first electrode ED1 is on the third insulation
layer L3. The first electrode ED1 may penetrate the third
insulation layer 1.3 and be connected to the second transistor
TFT2. Meanwhile, the first electrode ED1 may be provided
in plurality and disposed while being spaced apart from each
other, e.g., may be provided for each individual pixel PX.
[0064] In an exemplary embodiment, the first electrode
ED1 connects to the output electrode OE2. The first elec-
trode ED1 penetrates the third insulating layer L3 and
connects to the output electrode OE2 to electrically connect
the organic light emitting diode OLED to the second tran-
sistor TFT2.

[0065] The fourth insulation layer PDL is on the third
insulation layer 1.3. On the fourth insulation layer PDL, a
plurality of openings may be defined. Each of the plurality
of openings exposes at least portions of the plurality of first
electrodes ED1.

[0066] The organic layer OL is on the first electrode ED1.
The organic layer OL may have a single-layer structure of a
single material, a single-layer structure of a plurality of
different materials, or a multi-layer structure of multiple
layers of a plurality of different materials.

[0067] The organic layer OL may include a material
emitting light. For example, the organic layer OL may be
composed of at least one of the materials emitting red, green,
or blue light, and may include a fluorescent material or a
phosphor. The organic layer OL may emit light in response
to a potential difference between the first electrode ED1 and
the second electrode ED2.

[0068] Although not shown, the organic layer OL may
include a plurality of light emitting pattems each including
a different light emitting material. The plurality of light
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emitting patterns may be disposed to correspond to each of
the plurality of first electrodes ED1.

[0069] The second electrode ED2 is on the organic layer
OL. The second electrode ED2 may face the first electrode
EDI1. The organic light emitting diode OLED may be
connected to the second power voltage ELVSS (see FIG. 1C)
through the second electrode ED2.

[0070] The lower layer LI may be between the second
electrode ED2 and the organic cover layer MN. The lower
layer LI may includes a first layer 111, a second layer 112,
and a third layer IL3 which are sequentially laminated along
the upper direction.

[0071] The first layer IL1 may be disposed directly on the
second electrode ED2 and contact the second electrode ED2.
The first layer IL1 may include an insulation material. For
example, the first layer IL1 may include an organic material
or an inorganic material.

[0072] The second layer IL2 may be directly on the first
layer IL1 and may contact, e.g., directly contact, the first
layer IL1. The second layer IL2 may block the penetration
of external moisture or oxygen. The second layer IL.2 may
include an inorganic insulation material. For example, the
second layer 1.2 may include a silicon compound.

[0073] The third layer IL3 may be directly on the second
layer IL.2 and may contact, e.g., directly contact, the second
layer IL.2. The third layer 11.3 may block the penetration of
external moisture or oxygen.

[0074] The third layer 1L3 may include an inorganic
insulation material. For example, the third layer 1L.3 may
include a silicon compound. In this case, a silicon compound
constituting the third layer 1.3 and a silicon compound
constituting the second layer IL2 may be different from each
other.

[0075] The organic cover layer MN may be directly on the
lower layer LL and may contact, e.g., directly contact, the
lower layer LL. The organic cover layer MN may contact the
top layer of the lower layer LL, e.g., the third layer 11.3.
[0076] As described above, the organic cover layer MN
provides a flat surface on the upper side thereof. Accord-
ingly, the curvature occurring on the upper surface of the
lower layer LL or a particle present on the lower layer LL
may be covered by the organic cover layer MN, and there-
fore, the upper layer UL may be stably formed on a flat
surface. In addition, the organic cover layer MN may
alleviate the stress among layers contacting each other.
[0077] The organic cover layer MN may include an
organic material. For example, the organic cover layer MN
may include a resin or a polymer.

[0078] The upper layer UL may be directly on the organic
cover layer MN and contact the organic cover layer MN. The
upper layer UL may block the penetration of external
moisture or oxygen. The upper layer UL may include an
inorganic insulation material. For example, the upper layer
UL may include a silicon compound.

[0079] The window member WM may be disposed on the
organic cover layer MN. The window member WM may
cover the organic cover layer MN and protect the organic
light emitting layer OLED from an external impact.
[0080] Each of the second layer IL3 and the third layer 113
of the lower layer LL of the display panel 100 according to
an embodiment may include a silicon compound. Accord-
ingly, the second layer 11.2 and the third layer IL.3 may be
formed through substantially the same process, and there-
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fore, the processing cost can be reduced and the process can
be simplified. A detailed explanation thereof will be
described later.

[0081] FIG. 3 is a cross-sectional view showing a portion
of a display panel according to an embodiment. FIG. 4 is a
cross-sectional view showing a part of an optical path of a
display panel according to an embodiment. For ease of
explanation, a comparative example CM and an example EX
according to embodiments are shown at the same time.
Hereinafter, referring the FIG. 3 and FIG. 4, a display panel
according to an embodiment is explained.

[0082] As shown in FIG. 3, the first electrode ED1 and the
second electrode ED2 of the organic light emitting diode
OLED may be spaced apart at a predetermined interval. A
separation distance between the first electrode ED1 and the
second electrode ED2 may correspond to a thickness of the
organic layer D-OL.

[0083] In this embodiment, the organic light emitting
diode OLED may have a resonance structure. Accordingly,
the thickness of the organic layer D-OL may be an integer
multiple of the half wavelength of light generated from the
organic layer OL.

[0084] A portion of light generated by the organic layer
OL may be reflected at an interface between the first
electrode ED1 and the organic layer OL, and at an interface
between the second electrode ED2 and the organic layer OL,
to resonate inside the organic light emitting diode OLED.
Accordingly, the organic light emitting diode OLED may
have improved light efficiency by controlling the thickness
of the organic layer D-OL.

[0085] The first and third layers IL1 to IL3 may have
different predetermined refractive indexes nl to n3. For
example, the first layer IL1 may have a first refractive index
n1, the second layer IL.2 may have a second refractive index
n2, and the third layer 1.3 may have a third refractive index
n3.

[0086] The second refractive index n2 may be less than the
first refractive index nl. Accordingly, a portion of light
generated from the organic layer OL may reach an interface
between the first layer IL1 and the second layer 112, be
easily reflected from the interface, and re-enter the organic
light emitting diode OLED.

[0087] The re-entered light may be resonated by the first
electrode ED1 and the second electrode ED2, and be emitted
to the outside with improved intensity. Accordingly, a dis-
play panel according to an embodiment may have improved
light extraction efficiency by controlling a refractive index
of the second layer I11.2.

[0088] An optical path of the second layer IL2 may be in
arange of from about 280 A to about 900 A. The optical path
of the second layer 11.2 is a distance which incident light on
the second layer IL.2 passes through the vacuum within a
unit time, and may be defined by the product of the second
refractive index n2 and a thickness of the second layer D2.

[0089] When the second layer IL2 includes a silicon
oxide, the thickness of the second layer D2 may be equal to
or greater than about 200 A and may be equal to or less than
about 600 A. When the second layer IL.2 includes a silicon
oxide, the second refractive index n2 may be from about 1.4
to 1.5. In this case, a portion of light incident on an interface
between the first layer IL1 and the second layer IL2 is
reflected again. Therefore, the light efficiency may be
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improved. However, this is exemplarily described. The
thickness of the second layer D2 may vary depending on the
second refractive index n2.

[0090] Referring to FIG. 4 in more detail, layers consti-
tuting the comparative example CM and the example EX
may have the same refractive index but different thicknesses
from each other. More specifically, the first layer IL1 of the
comparative example CM may be formed of the same
material and have the same thickness TH1 as the first layer
IL1 of the example EX. That is, the first layer IL1 of the
comparative example CM may be substantially the same
layer as the first layer IL1 of the example EX.

[0091] A second layer IL2-C of the comparative example
CM may be formed of the same material and have a different
thickness as the second layer IL2 of the example EX. The
thickness TH2 of the second layer IL2 of the example EX
may be smaller than the thickness TH-C of the second layer
11.2-C of the comparative example CM. The thickness TH2
of the second layer I1.2 of the example EX may be a numeral
value satisfying the condition of the optical path of the
second layer IL.2.

[0092] In this case, incident light L-CM to the compara-
tive example CM passes through the first layer 111 and is
incident at a first angle ©1 with an interface of the second
layer IL2-C and the first layer IL1. At least a part of the
incident light may pass through the second layer IL.2-C at a
second angle ®2 and be emitted to the outside.

[0093] That is, although there is a change in a light path in
the comparative example CM, most of the incident light
L-CM passes through the second layer 11.2-C and is emitted.
Accordingly, the intensity of light which is visible from an
outer side of the second layer 11.2 may be the same or less
than the intensity of light which passes through the second
layer 11.2-C.

[0094] Meanwhile, incident light L-EX in the example EX
passes through the first layer 1.1, and is incident at the first
angle ©1 with an interface of the second layer IL2 and the
first layer 1L1. The incident light L-EX may correspond to
the incident light L-CM which is incident to the comparative
example CM.

[0095] However, hereinafter, the incident light L-EX in
the example EX does not pass through the second layer 112,
but is reflected from an interface of the second layer IL.2 and
the first layer 1L1. In this case, the difference between the
second refractive index n2 and the first refractive index nl
may be equal to or greater than 0.2. The difference of the
second refractive index n2 and the first refractive index n2
and the reflection efficiency from the interface of the second
layer IL2 and the first layer 1.1 may be substantially
proportional.

[0096] The light reflected from an interface of the second
layer IL.2 and the first layer IL1 may pass through the first
layer IL1 and re-enter the organic light emitting diode
OLED under the first layer IL1. The re-entered light may
resonate inside the organic light emitting diode OLED, be
emitted from the organic light emitting diode OLED with
improved intensity, and be visible from the outside.

[0097] The display panel 100 according to an embodiment
may improve light efficiency by controlling the optical path
of the second layer IL2. In addition, by controlling the
optical path of the second layer 112, the display panel 100
may generate improved light extraction efficiency through
controlling a thickness while applying a layer with the same
refractive index.
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[0098] Referring back to FIG. 3, the third layer IL.3 may
have a higher refractive index than the refractive index of the
second layer I1.2. That is, the second refractive index n2 may
be less than the third refractive index n3. Accordingly, the
light incident to an interface of the second layer 112 and the
third layer IL3 may not be reflected but pass through the
third layer IL3 and be emitted to the outside.

[0099] As described above, the third layer IL3 includes a
silicon compound. The silicon compound constituting the
third layer IL3 may be different from the silicon compound
constituting the second layer IL2. For example, the third
layer IL3 may include a silicon oxynitride (SiON) or silicon
nitride (SiNXx).

[0100] The second layer I1.2 and the third layer 1.3 may
be formed through the same process. Specifically, each of
the second layer 1.2 and the third layer 113 may be formed
by chemical vapor deposition.

[0101] Meanwhile, the second layer IL.2 and the third
layer IL3 may be consecutively formed in the same chamber.
Each of the second layer IL.2 and the third layer IL3 includes
a silicon compound, and therefore, each of the second layer
1.2 and the third layer 1.3 may be formed by controlling
injected plasma.

[0102] Forexample, the second layer I1.2 including silicon
oxide may be formed in the same chamber using plasma
with high oxygen content, and the third layer IL.3 including
silicon nitride or silicon oxynitride may be consecutively
formed in the same chamber using plaza with relatively high
nitrogen content. Accordingly, an interface between the
second layer IL.2 and the third layer 113 according to an
embodiment may be formed relatively unclearly by continu-
ous deposition than by discontinuous deposition.

[0103] A method for manufacturing a display panel
according to an embodiment may include forming the sec-
ond layer IL.2 and the third layer IL3 through the same
process, thereby simplifying the process. In addition,
according to an embodiment, the second layer IL.2 and the
third layer IL3 may be formed consecutively in the same
chamber. Therefore, processing time and cost may be
reduced.

[0104] The thickness of the third layer D3 may be larger
than the thickness of the second layer D2. For example, the
thickness of the third layer D3 may be equal to or greater
than 5,000 A and equal to or less than 10,000 A. Accord-
ingly, for the sake of optical control, the thickness portion
limited by the second layer 1.2 is compensated by the
thickness of the third layer I3, and therefore, the lower
layer LL may secure enough thickness to serve as a barrier.
[0105] 1Inadisplay panel according to an embodiment, the
thickness of the third layer D3 may be provided variously
according to a material constituting the third layer IL.3. For
example, as for the same second layer IL.2, the thickness of
the third layer D3 composed of silicon nitride may be
smaller than the thickness of the third layer D3 composed of
silicon oxynitride. According to an, by controlling a material
of the third layer IL3, the thickness D3 of the third layer I1.3
may be varied and the processing time may be reduced
easily.

[0106] FIG. 5A is a graph showing a luminance life of a
display panel according to an embodiment. FIG. 5B is a
graph showing a color life of a display panel according to an
embodiment. In FIG. 5A and FIG. 5B, a comparative
example and a first example and a second example are
shown for ease of the explanation.
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[0107] The comparative example, the first example, and
the second example may be embodiments which are have
the same structure except for different configurations of the
lower layer LL. In the comparative example, the first
example, and the second example, the first layer IL.1 may be
the same, but the second layer IL.2 and the third layer 113
thereof may be different from each other.

[0108] For the comparative example, the second layer IT.2
includes lithium fluoride (LiF) and the third layer IL3
thereof includes silicon oxynitride. For the first example, the
second layer IL2 includes silicon oxide and the third layer
IL3 thereof includes silicon oxynitride. That is, the first
example has a different constituent material of the second
layer 112 than the comparative example. For the second
example, the second layer IL2 includes silicon oxide and the
third layer IL3 thereof may include silicon nitride. That is,
the second example has a different constituent material of
the third layer IL3 than the first example. Hereinafter,
referring to FIG. 5A and FIG. 5B, a display panel according
to an embodiment is explained.

[0109] In FIG. 5A, a first graph PL1 shows the luminance
life of the comparative example, a second graph PL2 shows
the luminance life of the first example, and a third graph P13
shows the luminance life of the second example. A shown in
the first to third graphs PL1 to PL3, a luminance ratio on an
initial luminance is gradually reduced as time goes by.

[0110] In this case, the first to third graphs PL1 to PL3
shows substantially a similar pattern. Specifically, the sec-
ond graph PL2 and the third graph PL.3 show a substantially
improved luminance ratio at the same elapsed time. That is,
even when the LiF of the second layer 112 is substituted by
a layer including a silicon compound, at least an equivalent
luminance life property thereof is realized.

[0111] Referring to the second graph PL2 and the third
graph PL3, the third graph PL3 has a gentler slope than the
second graph PL2. Accordingly, at the same elapsed time,
the third graph PL3 has a bigger luminance ratio than the
second graph PL2. That is, the second example including
silicon nitride may have an improved luminance life than the
first example including silicon oxynitride.

[0112] In FIG. 5B, a fourth graph PL4 shows a color life
of the comparative example, a fifth graph PL5 shows a color
life of the first example, and a sixth graph PL6 shows a color
life of the second example. A color life is related to a
phenomenon in which an afterimage from the time light has
been emitted remains because a device has been continu-
ously damaged by heat in a driving process, and therefore,
is also related to a life of the device. Accordingly, as shown
in the fourth to sixth graphs PL4 to PL6, a ratio of an initial
color remains substantially increases as time goes by.

[0113] In this case, among the fourth to sixth graphs, the
fifth and sixth graphs PL5 and PL6 are shown to have a
relatively low color remaining ratio than the fourth graph
PL4 at the same elapsed time. That is, the first and second
examples have a relatively improved color life than the
comparative example.

[0114] Referring to the fifth graph PL5 and the sixth graph
PL6, the second example shown through the sixth graph PL6
has an improved color life that the first example shown
through the fifth graph PL5. That is, an example including
the third layer LI3 composed of silicon nitride has a more
improved color life than an example including the third layer
113 composed of silicon oxynitride.
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[0115] Adisplay panel according to an embodiment has an
advantage in that the second layer IL2 and the third layer I1.3
respectively are composed of a silicon compound, and
therefore, may be formed using the same process. In addi-
tion, as shown in FIG. 5A and FIG. 5B, a display panel
according to an embodiment may also have an excellent
property in a life of a device because at least equivalent color
life and luminance life can be secured as in the case in which
the second layer 11.2 composed of lithium fluoride (LiF).
Therefore, in this embodiment the display panel which has
the excellent property may be formed without adding step of
forming lithium fluoride layer. Therefore, manufacturing the
display panel may be simplified. Also, a display panel
according to an embodiment may properly control propetties
of a life of a device or an aftermath image by choosing
various materials among silicon compounds.

[0116] FIG. 6 is a cross-sectional view showing a portion
of a display panel according to an embodiment. The same
configurations as the configurations explained in FIG. 1A to
FIG. 5B are given the same reference numerals, and dupli-
cate explanations are omitted.

[0117] As shown in FIG. 6, the organic layer OL may
include a plurality of layers. For example, the organic layer
OL may include a first charge control layer CML1, a light
emitting layer EML, and a second charge control layer
CML2.

[0118] The light emitting layer EML generates a first color
light. The light emitting layer EML may include at least one
of an organic light emitting material and an inorganic light
emitting material. In addition, the light emitting layer EML
may include a phosphor or a fluorescent material.

[0119] The first charge control layer CML.1 may be com-
posed of a single layer or multiple layers. In this embodi-
ment, the first charge control layer CML1 ma include a first
charge injection layer CML11 and a first charge transfer
layer CML12.

[0120] Each of the first charge injection layer CML11 and
the first charge transfer layer CML12 may facilitate a charge
transfer from the first electrode ED1 to the light emitting
layer EML. A charge may be a hole or an electron, and may
be determined according to a driving method of an organic
light emitting diode.

[0121] The second charge control layer CML2 may be
composed of a single layer or multiple layers. In this
embodiment, the second charge control layer CML2 may
include a second charge injection layer CMI.21 and a second
charge transfer layer CML22.

[0122] Each of the second charge injection layer CML21
and the second charge transfer layer CML22 may facilitate
a charge transfer from the second electrode ED2 to the light
emitting layer EML. A charge may be a hole or an electron,
and may have an opposite polarity to a charge transferring
from the first electrode EDI.

[0123] Each of'the first charge control layer CML1 and the
second charge control layer CML2 may include a host and
a dopant. The host material and the dopant material may
vary according to a charge which each of the first charge
control layer CML1 and the second charge control layer
CML2 transfers.

[0124] The first layer IL1 of the lower layer LL may
include at least one host material between the first charge
control layer CML1 and the second charge control layer
CML2. Accordingly, the first layer IL1 may utilize a material
for providing the organic layer OL, and therefore, the



US 2018/0130858 A1

processing cost may be reduced. However, this is an exem-
plarily described. The first layer IL1 may be formed of an
inorganic insulation material, and is not limited to any
particular material.

[0125] The distance from the interface between the first
electrode ED1 and the organic layer OL to the interface
between the second electrode ED2 and the organic layer OL
may be defined by the light emitting layer EML, the first
charge control layer CML1, and the second charge control
layer CML2. The distance from the interface between the
first electrode ED1 and the organic layer OL to the interface
between the second electrode ED2 and the organic layer OL
may be a distance in which the first color light generated by
the light emitting layer EML can resonate. Accordingly, a
display panel according to an embodiment may improve the
light efficiency of an organic light emitting diode by con-
trolling the thickness and the number of multiple layers
composing the organic layer OL.

[0126] FIG. 7TA is a plan view showing a portion of a
display panel according to an embodiment. FIG. 7B is
cross-sectional view along I-I"illustrated in FIG. 7A. In FIG.
7B, some of the details are omitted for ease of explanation.

[0127] Hereinafter, referring to FIG. 7A and FIG. 7B, the
display panel 100 according to an embodiment is explained.
Meanwhile, the same configurations as the configurations
explained in FIG. 1A to FIG. 6 are given the same reference
numerals, and duplicate explanations are omitted.

[0128] As shown in FIG. 7A, the pixel area PA may
include a first pixel area PA1, a second pixel area PA2, and
a third pixel area PA3. The first pixel area PA1, the second
pixel area PA2, and the third pixel area PA3 may be areas
sequentially arranged along one direction.

[0129] Each of the first pixel area PA1, the second pixel
area PA2, and the third pixel area PA3 may generate light
having different colors from each other. For example, a first
color light is generated in the first pixel area PA1, a second
color light is generated in the second pixel area PA2, and a
third color light is generated in the third pixel area PA3.

[0130] Specifically, as shown in FIG. 7B, the organic layer
may include a first to third light emitting patterns EL1 to
EL3 each disposed in the first pixel area PA1, the second
pixel area PA2, and the third pixel area PA3. The first color
light may be generated from the first light emitting pattern
EL1. The second color light may be generated from the
second light emitting pattern EL2 and the third color light
may be generated from the third light emitting pattern EL3.

[0131] Each of the first to third light emitting patterns EL1
to EL3 may be designed to have different thicknesses from
each other. For example, the first light emitting pattern EL.1
may be designed to have a first thickness D-EL1, the second
light emitting pattern EL2 may be designed to have a second
thickness D-EL2, and the third light emitting pattern EL3
may be designed to have a third thickness D-EL3.

[0132] Each of the first to third thicknesses D-EL1 to
D-EL3 may be a distance in which light generated from
corresponding light emitting pattern can resonate. In this
embodiment, among the first to third color light, a case in
which the wavelength of the first color light is the longest
and the wavelength of the third color light is the shortest is
exemplarily described. Accordingly, it is possible to design
that, among the first to third thicknesses D-EL1 to D-EL3,
the first thickness D-EL1 is the biggest and the third thick-
ness D-EL3 is the smallest.
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[0133] As shown in FIG. 7B, the second electrode ED2,
the first layer IL1, the second layer 1L.2, and the third layer
1L.3 on the organic layer OL may have substantially the
identical thickness in the first to third pixel areas PA1 to
PA3.

[0134] Since each of the second layer IL.2 and the third
layer IL3 includes a silicon compound, each of the second
layer 11.2 and the third layer IL.3 may have an upper surface
reflecting on a surface shape of a layer disposed thereunder.
Accordingly, the upper surface of the third layer 1L3 may
define an uneven surface in the first pixel area PAL, the
second pixel area PA2, and the third pixel area PA3.
[0135] The organic cover layer MN according to an
embodiment may cover the upper surface of the third layer
1.3 and provide a flat surface on the upper side thereof. The
organic cover layer MN may substantially compensate the
difference in thickness of each of the first to third light
emitting patterns EL1 to EL3. Accordingly, the upper layer
UL disposed on the organic cover layer MN may be formed
stably on a flattened surface.

[0136] The display panel 100 according to an embodi-
ment, the first layer IL1, the second layer 1.2, and the third
layer IL3 may be commonly disposed on the plurality of
pixel arecas PA1 to PA3 which emit light with different
colors, and improve light efficiency of each of the plurality
of pixel areas PA1 to PA3. Accordingly, the identical lower
layers can be applied to the plurality of pixel areas PA1 to
PA3, and therefore, the process may be simplified.

[0137] FIG. 8 is a cross-sectional view showing a portion
of a display panel according to an embodiment. Referring to
FIG. 8, a display panel according to an. Meanwhile, the
same elements as the configurations explained in FIG. 1A to
FIG. 7B are given the same reference numerals, and dupli-
cate explanations are omitted.

[0138] As shown in FIG. 8, a lower layer LL-1 may
include a fourth layer I1.4. The fourth layer 1L4 may be on
the third layer IL.3 and be the uppermost layer. Accordingly,
the organic cover layer MN may directly contact the fourth
layer 114 and form a predetermined interface.

[0139] The fourth layer IL.4 may include silicon oxyni-
tride. When the third layer IL3 includes silicon oxynitride,
silicon oxynitride of the fourth layer IL.4 may have higher
oxygen content than silicon oxynitride included in the third
layer 1L.3. Accordingly, even if the third layer IL3 and the
fourth layer IL4 included the identical material, the third
layer IL.3 and the fourth layer IL4 may be layers which are
substantially distinguishable.

[0140] The fourth layer 1.4 may protect the third layer
1L3. The fourth layer IL.4 may prevent the third layer 11.3
from being damaged in a process for providing the organic
cover layer MN. A display panel according to an embodi-
ment may improve process reliability by including the lower
layer LL-1 which further includes the fourth layer 11.4.
[0141] According to the present embodiment, a manufac-
turing process of a display panel may be simplified and a
processing cost of a display panel may be reduced since a
plurality of layers may be included which can be formed in
a same process. In addition, light efficiency and life of a
display panel may be improved.

[0142] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
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filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope of
the present invention as set forth in the following claims.

What is claimed is:

1. An organic light emitting display panel, comprising:

a first electrode;

a second electrode on the first electrode;

an organic layer between the first electrode and the second
electrode and the organic layer including a light emit-
ting layer;

an organic cover layer on the second electrode;

a lower layer between the organic cover layer and the
second electrode, wherein the lower layer including a
first layer, a second layer, and a third layer, which are
different from each other and are sequentially stacked;
and

an upper layer on the organic cover layer, and

wherein the first layer comes contacts the second elec-
trode, and

wherein each of the second layer and the third layer
includes a silicon compound.

2. The organic light emitting display panel as claimed in
claim 1, wherein the second layer has a lower reflective
index than the first layer, and the difference between the
reflective index of the second layer and the reflective index
of the first layer is equal to or greater than 0.2.

3. The organic light emitting display panel as claimed in
claim 2, wherein the second layer includes a silicon oxide.

4. The organic light emitting display panel as claimed in
claim 3, wherein the thickness of the second layer is within
from about 200 A to about 600 A range.

5. The organic light emitting display panel as claimed in
claim 3, wherein the third layer includes silicon oxynitride
or silicon nitride.

6. The organic light emitting display panel as claimed in
claim 5, wherein a thickness ratio of the third layer to the
second layer when the third layer includes silicon oxynitride
is relatively smaller than a thickness ratio of the third layer
to the second layer when the third layer includes a silicon
nitride.

7. The organic light emitting display panel as claimed in
claim 1, wherein the lower layer further includes a fourth
layer between the third layer and the organic cover layer and
in contact with the third layer, wherein the fourth layer
includes a silicon compound.

8. The organic light emitting display panel as claimed in
claim 7, wherein the fourth layer has higher oxygen content
than the third layer.
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9. The organic light emitting display panel as claimed in
claim 1, wherein the organic layer further includes a hole
control layer between the light emitting layer and the first
electrode, and an electron control layer between the light
emitting layer and the second electrode, and wherein the first
layer include a host material of the hole control layer or the
electron control layer.

10. The organic light emitting display panel as claimed in
claim 1, wherein:

the first electrode is provided in plurality;

the light emitting layer includes a first organic pattern on

one first electrode among the plurality of first elec-
trodes and generating a first color light, and a second
organic pattern disposed on another first electrode
among the plurality of first electrodes and generating a
second color light different from the first color,

the first organic pattern and the second organic pattern

have thicknesses different from each other and,

the thickness of a first portion of the second layer is

substantially the same as the thickness of a second
portion of the second layer, the first portion overlaps the
first organic pattern and the second portion overlaps the
second organic patterm.

11. The organic light emitting display panel as claimed in
claim 1, wherein an optical path of the second layer is
defined by a product of a refractive index of the second layer
and the thickness of the second layer, wherein the optical
path of the second layer is within from about 280 A to about
900 A range.

12. A method of manufacturing an organic light emitting
display panel comprising:

forming, on a substrate, a first electrode, an organic layer

on the first electrode, and a second electrode on the
organic layer;

forming, on the second electrode, a first layer contacting

the second electrode;

sequentially stacking, on the first layer, a second layer and

a third layer each including a silicon compound,
forming an organic cover layer of an organic material on
the third layer; and

forming an upper layer of an inorganic material on the

third layer,

wherein the second layer and the third layer are formed

through the same process.

13. The method as claimed in claim 12, wherein the
second layer is formed of a silicon oxynitride.

14. The method as claimed in claim 13, wherein the third
layer is formed of a silicon nitride or silicon oxynitride.

15. The method as claimed in claim 12, wherein the
second layer and the third layer are each formed by chemical
vapor deposition.

16. The method as claimed in claim 15, wherein the
second layer and the third layer are continuously formed in
the same chamber.
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