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ORGANIC LIGHT EMITTING DISPLAY
DEVICE, HEAD MOUNTED DISPLAY
INCLUDING THE SAME AND METHOD OF
FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims the benefit of pri-
ority of Korean Patent Application No. 10-2017-0103687
filed in the Republic of Korea on Aug. 16, 2017, which is
hereby incorporated by reference in its entirety for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present disclosure relates to an organic light
emitting display device, and more particularly to an organic
light emitting display device, a head mounted display
including the organic light emitting display device and a
method of fabricating the organic light emitting display
device.

Description of the Related Art

[0003] As the information age progresses, display devices
processing and displaying a large amount of information
have rapidly advanced. Recently, various display devices
such as a liquid crystal display (LCD) device, a plasma
display panel (PDP) device and an organic light emitting
display (OLED) device have been utilized.

[0004] Among various display devices, the OLED device
of an emissive type device has advantages of a viewing
angle and a contrast ratio as compared with the LCD device.
Since an additional backlight unit is not required, the OLED
device has a light weight, a thin profile and a low power
consumption. In addition, the OLED device is driven with a
low direct current voltage and has a fast response speed.
Specifically, the OLED device has a low fabrication cost.
[0005] The OLED device includes an anode, a bank layer
dividing the anode, a hole transporting layer (HTL) on the
anode, an organic light emitting layer on the HTL, an
electron transporting layer (ETL) on the organic light emit-
ting layer and a cathode on the ETL. When a high level
voltage and alow level voltage are applied to the anodes and
the cathode, respectively, a hole and an electron move to the
organic light emitting layer through the HTL and the ETL,
respectively, and are combined with each other to emit a
light.

[0006] Recently, a head mounted display (HMD) includ-
ing the OLED device has been developed. The HMD may be
a glass type monitor for a virtual reality (VR) or an aug-
mented reality (AR) where a focus is formed at a close
distance to an eye of a user. The user may wear the HMD as
a glass or a helmet. A small sized OLED device of a high
resolution may be applied to the HMD. The small sized
OLED device of a high resolution may be an organic light
emitting diode on silicon (OLEDoS) through a semiconduc-
tor process for a wafer. An anode is formed on an insulating
layer covering a transistor formed on a wafer, and a current
flows through an organic light emitting layer on the anode to
cause a side leakage current. In addition, since the organic
light emitting layer is not uniformly formed at an edge of the
anode due to a step difference between the anode and the
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insulating layer, the anode may be connected to the cathode
or a charge generating layer of the organic light emitting
layer.

SUMMARY OF THE INVENTION

[0007] Accordingly, the present disclosure is directed to
an organic light emitting display device, a head mounted
display including the same and a method of fabricating the
same that substantially obviate one or more of problems due
to limitations and disadvantages of the prior art.

[0008] In accordance with the present disclosure, as
embodied and broadly described herein, the present disclo-
sure provides an organic light emitting display device where
a shortage of an anode to a cathode or a charge generating
layer of an organic light emitting layer and a side leakage
current are prevented, a head mounted display including the
organic light emitting display device and a method of
fabricating the organic light emitting display device.
[0009] In another aspect, the present disclosure provides
an organic light emitting display device including: an insu-
lating layer; first electrodes disposed on the insulating layer
and spaced from each other by a gap; an organic light
emitting layer on the first electrodes; and a second electrode
on the organic light emitting layer, wherein the insulating
layer includes a trench in the gap between the first elec-
trodes, wherein the organic light emitting layer includes a
first stack on the first electrodes, a charge generating layer on
the first stack, and a second stack on the charge generating
layer, wherein each of the first and second stacks includes a
hole transporting layer, at least one emitting material layer
and an electron transporting layer, and wherein the first stack
has a discontinuous portion in the trench.

[0010] In another aspect, the present disclosure provides a
head mounted display including: a display case; a left eye
lens and a right eye lens in the display case; at least one
organic light emitting display device providing at least one
image to the left eye lens and the right eye lens; and a head
band connected to the display case, wherein the at least one
organic light emitting display device includes: an insulating
layer; first electrodes disposed on the insulating layer and
spaced from each other by a gap; an organic light emitting
layer on the first electrodes; and a second electrode on the
organic light emitting layer, wherein the insulating layer
includes a trench in the gap between the first electrodes,
wherein the organic light emitting layer includes a first stack
on the first electrodes, a charge generating layer on the first
stack, and a second stack on the charge generating layer,
wherein each of the first and second stacks includes a hole
transporting layer, at least one emitting material layer and an
electron transporting layer, and wherein the first stack has a
discontinuous portion in the trench.

[0011] In another aspect, the present disclosure provides a
method of fabricating an organic light emitting display
device including: forming an insulating layer on a substrate;
forming first electrodes on the insulating layer, the first
electrodes spaced from each other by a gap; forming an
organic light emitting layer on the first electrodes; and
forming a second electrode on the organic light emitting
layer, wherein the insulating layer includes a trench in the
gap between the first electrodes, wherein the organic light
emitting layer includes a first stack on the first electrodes, a
charge generating layer on the first stack, and a second stack
on the charge generating layer, wherein each of the first and
second stacks includes a hole transporting layer, at least one



US 2019/0058022 A1

emitting material layer and an electron transporting layer,
and wherein the first stack has a discontinuous portion in the
trench.

[0012] In another aspect, the present disclosure provides
an organic light emitting display device including: a first
sub-pixel including a first electrode of the first sub-pixel
covering an insulating layer of the first sub-pixel; a second
sub-pixel including a first electrode of the second sub-pixel
covering an insulating layer of the second sub-pixel; and a
trench between the first sub-pixel and the second sub-pixel
that extends down through at least part of an insulating layer
between the first sub-pixel and the second sub-pixel,
wherein the insulating layer of the first sub-pixel, the insu-
lating layer of the second sub-pixel, and the insulating layer
between the first sub-pixel and the second sub-pixel are part
of a same layer, wherein the organic light emitting layer
includes a first stack on the first electrodes, a charge gen-
erating layer on the first stack, and a second stack on the
charge generating layer, wherein each of the first and second
stacks includes a hole transporting layer, at least one emit-
ting material layer and an electron transporting layer, and
wherein the first stack has a discontinuous portion in the
trench.

[0013] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the embodiments as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate embodiments and together with the description
serve to explain the principles of the disclosure. In the
drawings:

[0015] FIG. 1 is a perspective view showing an organic
light emitting display device according to one or more
embodiments of the present disclosure.

[0016] FIG. 2 is an example cross-sectional view taken
along a line I-I' of FIG. 1.

[0017] FIGS. 3A and 3B are magnified views of a portion
A of FIG. 2 according to different embodiments of the
present disclosure.

[0018] FIG. 4 is a flow chart showing a method of fabri-
cating an organic light emitting display device according to
a first embodiment of the present disclosure.

[0019] FIGS. 5A, 5B, 5C, 5D, SE, 5F, 5G and 5H are
cross-sectional views showing a method of fabricating an
organic light emitting display device according to a first
embodiment of the present disclosure.

[0020] FIG. 6isa cross-sectional view showing an organic
light emitting display device according to another embodi-
ment of the present disclosure.

[0021] FIGS. 7A, 7B, 7C, and 7D are cross-sectional
views showing a method of fabricating an organic light
emitting display device according to a second embodiment
of the present disclosure.

[0022] FIGS. 8A, 8B, 8C, 8D, and 8E are cross-sectional
views showing a method of fabricating an organic light
emitting display device according to a third embodiment of
the present disclosure.

Feb. 21, 2019

[0023] FIGS. 9A and 9B are cross-sectional views show-
ing a method of fabricating an organic light emitting display
device according to a fourth embodiment of the present
disclosure.

[0024] FIG. 10 is photographs showing experimental
results of the sixth trench of an organic light emitting display
device according to one of first to fourth embodiments of the
present disclosure.

[0025] FIG. 11 is a graph showing experimental results of
the sixth trench of an organic light emitting display device
according to one of first to fourth embodiments of the
present disclosure.

[0026] FIG. 12 is a graph showing simulation results of the
sixth trench of an organic light emitting display device
according to one of first to fourth embodiments of the
present disclosure.

[0027] FIG. 13 is a plan view showing an organic light
emitting display device according to one of first to fourth
embodiments of the present disclosure.

[0028] FIGS. 14A and 14B are a perspective view and a
plan view showing a head mounted display including an
organic light emitting display device according to one of first
to fourth embodiments of the present disclosure.

[0029] FIG. 15 is a plan view showing a head mounted
display including an organic light emitting display device
according to one of first to fourth embodiments of the
present disclosure.

[0030] FIG. 16 is a cross-sectional view showing a head
mounted display including an organic light emitting display
device according to one of first to fourth embodiments of the
present disclosure.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0031] Hereinafter, some embodiments of the present dis-
closure will be described in detail with reference to the
accompanying illustrative drawings. In designating ele-
ments of the drawings by reference numerals, the same
elements will be designated by the same reference numerals
although they are shown in different drawings. Further, in
the following description of the present disclosure, a
detailed description of known functions and configurations
incorporated herein will be omitted when it may make the
subject matter of the present disclosure rather unclear.
[0032] Since a shape, a size, a ratio, an angle and a number
shown in drawings for illustrating embodiments of the
present disclosure are exemplary, the present disclosure will
not be limited to contents of the drawings.

[0033] In the case that it is described that a certain
structural element “include,” “have” and “is composed of”
another elements may be added except for the case where
“only” is used. An element expressed as a singularity
includes a plurality except for the case having a specific
description.

[0034] When an element is construed, the element
includes an error range even without a specific description.
[0035] When a position relation of two parts is illustrated
with “on,” “over,” “under” and “side.” at least one part may
be disposed between the two parts except for the case using
“straightly” and “directly.”

[0036] When a time relation is illustrated with “after,”
“subsequently,” “next” and “before,” a case which is not
sequential may be included except for the case using
“straightly” and “directly.”
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[0037] Although a first and a second may be used for
illustrating various elements, the elements are not limited by
the word. The word is used for distinguish one element from
the other elements. Accordingly, a first element may be a
second element within a scope of the spirit of the present
disclosure hereinafter.

[0038] A relation of “an X axis direction,” “a Y axis
direction” and *“a Z axis direction” is not interpreted as a
geometrical vertical relation, the relation may be interpreted
to have a wide directionality within a range where the
present disclosure operates functionally.

[0039] A word of “at least one” should be construed to
include all combinations suggested from at least one relating
items. For example, “at least one of a first item, a second
item and a third item” may mean all combinations suggested
from two or more of the first, second and third items as well
as each of the first, second and third items.

[0040] Characteristics of various embodiments of the
present disclosure may be combined or united partially or
wholly and may be technically communicated and driven.
The embodiments may be implemented independently or
together.

[0041] FIG. 1 is a perspective view showing an organic
light emitting display device according to one or more
embodiments of the present disclosure. Although an organic
light emitting display (OLED) device is illustrated as an
organic light emitting diode on silicon (OLEDoS) where an
organic light emitting diode is formed on a wafer through a
semiconductor process in FIG. 1, the present disclosure is
not limited.

[0042] In FIG. 1, an organic light emitting display
(OLED) device 100 according to a first embodiment of the
present disclosure includes a wafer substrate 110, first elec-
trodes 121, an organic light emitting layer 130, a second
electrode 140 and an encapsulation layer 180.

[0043] The wafer substrate 110 may be a silicon wafer
substrate formed using a semiconductor process. The wafer
substrate 110 may include a gate line, a data line and a
transistor. The gate line and the data line may be disposed to
cross each other. The gate line may be connected to a gate
driving unit to receive a gate signal. The data line may be
connected to a data driving unit to receive a data signal.
[0044] A region where the first electrodes 121, the organic
light emitting layer 130 and the second electrode 140 are
sequentially formed may be defined as a pixel or sub-pixel.
Hereinafter, what is referred to as “pixel” or “pixels” can
also be interpreted as “sub-pixel” or “sub-pixels”. For
example, the first electrodes 121 are spaced apart from each
other by a gap distance equal to or smaller than about 0.7
pm. Since the first electrodes 121 are spaced apart from each
other on the wafer substrate 110, the pixel may be divided
by the first electrodes 121. N transistors (N is a positive
integer) may be disposed in the pixel, and a voltage is
supplied to the first electrode 121 according to the data
signal of the data line when the gate signal of the gate line
is applied to the N transistors.

[0045] The organic light emitting layer 130 may be
formed to cover the wafer substrate 110 and the first elec-
trode 121. The organic light emitting layer 130 may be a
common layer formed over the whole pixels commonly.
[0046] The second electrode 140 may be formed to cover
the organic light emitting layer 130. The second electrode
140 may be a common layer formed over the whole pixels
commonly.

2 <
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[0047] The encapsulation layer 180 may be formed to
cover the second electrode 140. The encapsulation layer 180
may function to prevent penetration of an oxygen and a
moisture to the organic light emitting layer 130 and the
second electrode 140.

[0048] FIG. 2 is an example cross-sectional view taken
along a line I-I' of FIG. 1, and FIGS. 3A and 3B are
magnified views of a portion A of FIG. 2 according to
different embodiments of the present disclosure. For pur-
poses of simplicity, FIG. 2 (and FIGS. 5H, 6, and 7D) depict
the organic light emitting layer 130 in the trench T as being
continuous. However, in embodiments of the present dis-
closure, at least one of the layers 130a and/or 1305 in the
organic light emitting layer 130 in the trench T is discon-
tinuous, as shown in the magnified views of FIGS. 3A and
3B, respectively.

[0049] In FIGS. 2, 3A and 3B, the transistors 111 are
formed on the wafer substrate 110. Each of the transistors
111 includes an active layer 111a, a gate electrode 1115, a
source electrode 111¢ and a drain electrode 111d. Although
each of the transistors 111 has a top gate type where the gate
electrode 1115 is formed on the active layer 111a in FIG. 2,
the embodiment is not limited to FIG. 2. Each of the
transistors 111 may have a bottom gate type where the gate
electrode 1115 is formed under the active layer 111a or a
double gate type where the gate electrode 1115 is formed on
and under the active layer 111a.

[0050] The active layer 111a¢ is formed on the wafer
substrate 110. The active layer 111a¢ may include a semi-
conductor material of a silicon group or a semiconductor
material of an oxide group. A gate insulating layer 112 is
formed on the active layer 111a. The gate insulating layer
112 may have a single-layered structure or a multiple-
layered structure of an inorganic material such as silicon
oxide (SiOx) and silicon nitride (SiNx). The gate electrode
1115 is formed on the gate insulating layer 112.

[0051] The source electrode 111c¢ is connected to the
active layer 111a through a first trench 111e, and the drain
electrode 1114 is connected to the active layer 111a through
a second trench 111/ The active layer 1114, the gate elec-
trode 1115, the source electrode 111¢ and the drain electrode
1114 are insulated from each other by a first insulating layer
113. The first insulating layer 113 may have a single-layered
structure or a multiple-layered structure of an inorganic
material such as silicon oxide (SiOx) and silicon nitride
(SiNx).

[0052] A first metal layer 114a and a second metal layer
115a are formed on the first insulating layer 113. The first
metal layer 114a is connected to the drain electrode 1114
through a third trench 1145, and the second metal layer 1154
is connected to the first metal layer 114a through a fourth
trench 1155. The first and second metal layers 114a and 1154
are insulated by a second insulating layer 117. The second
insulating layer 117 may have a single-layered structure or
a multiple-layered structure of an inorganic material such as
silicon oxide (SiOx) and silicon nitride (SiNx). The first
metal layer 114a, the second metal layer 115a and the
second insulating layer 117 may be omitted.

[0053] First electrodes 121 are formed on the second
insulating layer 117. Each of the first electrodes 121 is
connected to the second metal layer 115a through a fifth
trench 116. The first electrodes 121 may include a transpar-
ent conductive oxide (TCO) such as indium tin oxide (ITO)
and indium zinc oxide (IZ0).
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[0054] The OLED device 100 exemplarily has a top
emission type where a light is emitted from the organic light
emitting layer 130 to an upper portion. A reflecting electrode
122 may be disposed under each of the first electrodes 121
to reflect a light emitted from the organic light emitting layer
130 to a lower portion. The reflecting electrode 122 may
include a metallic material having a relatively high reflec-
tance such as silver (Ag).

[0055] A buffer electrode 123 may be disposed under the
reflecting electrode 122. The buffer electrode 123 may have
a double-layered structure of titanium (Ti) and titanium
nitride (TiN). The buffer electrode 123 may be omitted.
[0056] The first electrodes 121, the reflecting electrode
122 and the buffer electrode 123 may have a vertical
structure where a side surface of the first electrodes 121, the
reflecting electrode 122 and the buffer electrode 123 has a
first angle 01 of about 90 degree with a top surface of the
second insulating layer 117.

[0057] To planarize a step difference due to the first
electrodes 121, the reflecting electrode 122 and the buffer
electrode 123, a planarizing layer 150 may be formed
between the first electrodes 121. The planarizing layer 150
may include a sixth trench T penetrating the planarizing
layer 150 and the second insulating layer 117 may be
partially removed to correspond to the sixth trench T. The
planarizing layer 150 may cover an edge portion of the first
electrode 121 in a first region Al to prevent a shortage
between the first electrode 121 and the organic light emitting
layer 130 and may be formed on the second insulating layer
117 in a third region A3 to adjust a width of the sixth trench
T.

[0058] The organic light emitting layer 130 is formed on
the first electrodes 121 and the planarizing layer 150. The
organic light emitting layer 130 may include at least one of
a hole injecting layer (HIL), a hole transporting layer (HTL),
emitting material layer (EML), an electron transporting
layer (ETL) and an electron injecting layer (EIL). When
voltages are applied to the first electrode 121 and the second
electrode 140, a hole moves to the emitting material layer
through the HIL and the HTL and an electron moves to the
emitting material layer through the EIL and the ETL. The
hole and the electron are combined with each other to emit
a light.

[0059] The organic light emitting layer 130 may be a white
emitting layer to emit a white-colored light. The organic
light emitting layer 130 may be a common layer formed over
the whole pixels commonly.

[0060] The organic light emitting layer 130 may have a
tandem structure including at least two stacks. For example,
the organic light emitting layer 130 may include a first stack
130qa, a charge generating layer 1305 and a second stack
130c. Each of the at least two stacks may include a hole
transporting layer, at least one emitting material layer and an
electron transporting layer. For example, a first stack may be
formed on a first electrode, a charge generating layer may be
formed on the first stack, and a second stack may be formed
on the charge generating layer. In addition, a second charge
generating layer may be formed on the second stack, and an
additional stack may be formed on the second charge
generating layer.

[0061] The charge generating layer may be formed
between the stacks. The charge generating layer may include
an N type charge generating layer adjacent to a lower stack
and a P type charge generating layer over the N type charge

Feb. 21, 2019

generating layer adjacent to an upper stack. The N type
charge generating layer injects an electron to the lower
stack, and the P type charge generating layer injects a hole
to the upper stack. The N type charge generating layer may
include an organic layer doped with an alkali metal such as
lithium (Li), sodium (Na), potassium (K) and cesium (Cs) or
an alkaline earth metal such as magnesium (Mg), strontium
(Sr), barium (Ba) and radium (Ra). The P type charge
generating layer may include an organic material having a
hole transporting ability doped with a dopant.

[0062] The organic light emitting layer 130 may be
formed through a deposition process or a soluble process.
For example, the organic light emitting layer 130 may be
formed through an evaporation method of the deposition
process. The film formed through an evaporation method
may have a poor step coverage property. When the planariz-
ing layer 150 is not disposed between the first electrodes
121, the organic light emitting layer 130 may have a
relatively small thickness at a step difference region over the
first electrode 121 (i.e., a top edge region of the first
electrode 121). Since a distance between the step difference
region of the first electrodes 121 and the second electrode
140 is reduced, a strong electric field is generated between
the first and second electrodes 121 and 140 at the step
difference region. As a result, abnormal emission or dete-
rioration of the organic light emitting layer 130 may be
accelerated and a shortage between the first electrodes 121
and the charge generating layer of the organic light emitting
layer 130 or between the first electrodes and the second
electrode 140 may occur due to the strong electric field and
electrons concentrated on the step difference region of the
first electrode 121. A step coverage means a capability of a
film to cover a step difference without a cut.

[0063] In the first embodiment of the present disclosure,
since the planarizing layer 150 filling the step difference of
the second insulating layer 117 and the first electrode 121
and covering the step difference region of the first electrodes
121 is formed between the first electrodes 121, the step
difference of the first electrode 121 may be mitigated. As a
result, abnormal emission or deterioration of the organic
light emitting layer 130 may be prevented and a shortage
between the first electrodes 121 and the charge generating
layer of the organic light emitting layer 130 or between the
first electrodes 121 and the second electrode 140 in the step
difference region between the second insulating layer 117
and the first electrode 121 and over the first electrode 121
may be prevented. Since the planarizing layer 150 is formed
to cover the edge portion of the first electrode 121 in the first
region Al, a shortage between the first electrode 121 and the
organic light emitting layer 130 may be prevented. The
planarizing layer 150 covering the edge portion of the first
electrode 121 may define an emitting region of a corre-
sponding pixel. The planarizing layer 150 covering the edge
portion of the first electrode 121 may prevent injection of
charge from the first electrode 121 to a portion of the organic
light emitting layer 130 covering the planarizing layer such
that it does not emit light. The planarizing layer 150 con-
tacting the edge portion of the first electrode 121 in the first
region A1 may have a width equal to or greater than about
0.1 pm. Specifically, as in FIG. 3B, a width of the sixth
trench T of the planarizing layer 150 may be adjusted by
forming the planarizing layer 150 on the second insulating
layer 117 in the third region A3.
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[0064] Since the organic light emitting layer 130 has a
poor step coverage property, a thickness of the organic light
emitting layer 130 on a sidewall of the sixth trench T may
be smaller than a thickness on a bottom surface of the sixth
trench T as in FIGS. 3A and 3B. The sixth trench T may be
divided into two parts in the planarizing layer 150 and the
second insulating layer 117. At least one of the first stack
130g and the charge generating layer 1305 of the organic
light emitting layer 130 may be formed to have a cut portion
(e.g., discontinuous portion) at a position where the sidewall
surface and the bottom surface of the sixth trench T meet to
increase a resistance of the organic light emitting layer 130.
As a result, an influence on an adjacent pixel due to a
leakage current through the organic light emitting layer 130
may be minimized. For example, transmission of the leakage
current may be effectively prevented by the cut portion of
the charge generating layer.

[0065] In the first embodiment of the present disclosure,
since the sixth trench T is formed in the planarizing layer
150 and the second insulating layer 117, a path of the
leakage current through the organic light emitting layer 130
between the adjacent pixels may be elongated as compared
with an OLED device without the sixth trench T. In addition,
since the thickness of the organic light emitting layer 130 on
the sidewall surface of the sixth trench T is smaller than the
thickness of the organic light emitting layer 130 on the
bottom surface of the sixth trench T, the resistance of the
organic light emitting layer 130 may increase and an influ-
ence on the adjacent pixel due to a leakage current through
the organic light emitting layer 130 may be minimized. For
example, the sixth trench T may have a width equal to or
smaller than about 0.17 um and a depth equal to or greater
than about 0.5 pm.

[0066] The second electrode 140 is disposed on the
organic light emitting layer 130. The second electrode 140
may be a common layer formed over the whole pixels
commonly. The second electrode 140 may include a trans-
parent conductive material such as indium tin oxide (ITO)
and indium zinc oxide (IZO) or a semi-transmissive con-
ductive material such as magnesium (Mg), silver (Ag) and
alloy of magnesium and silver.

[0067] When the second electrode 140 includes a semi-
transmissive conductive material, a micro cavity effect may
be obtained. The second electrode 140 may be formed
through a physical vapor deposition (PVD) method such as
a sputtering. Since a film formed through a PVD method has
an excellent step coverage, the second electrode 140 may
have a uniform thickness as compared with the organic light
emitting layer 130 even with the sixth trench T.

[0068] A sealing layer 160 is formed on the second
electrode 140. The sealing layer 160 may prevent penetra-
tion of an oxygen or a moisture to the organic light emitting
layer 130 and the second electrode 140. For example, the
sealing layer 160 may include at least one inorganic layer
and at least one organic layer.

[0069] Color filters 171 and 172 are disposed on the
sealing layer 160 to correspond to the pixels P. For example,
a red color filter may be disposed to correspond to a red
pixel, a green color filter may be disposed to correspond to
a green pixel, and a blue color filter may be disposed to
correspond to a blue pixel.

[0070] An overcoat layer may be formed on the color
filters 171 and 172 to planarize a step difference due to the

Feb. 21, 2019

color filters 171 and 172. An encapsulation film 180 may be
formed on the color filters 171 and 172.

[0071] FIG. 4 is a flow chart showing a method of fabri-
cating an organic light emitting display device according to
a first embodiment of the present disclosure, FIGS. 5A to SH
are cross-sectional views showing a method of fabricating
an organic light emitting display device according to a first
embodiment of the present disclosure, and FIG. 6 is a
cross-sectional view showing an organic light emitting dis-
play device according to another embodiment of the present
disclosure. FIGS. 5A to 5H correspond to a line I-I' of FIG.
1, and FIG. 6 corresponds to FIG. SH. For purposes of
simplicity, FIGS. 5H and 6 depict the organic light emitting
layer 130 in the trench T as being continuous. However, in
embodiments of the present disclosure, at least one of the
layers 130a and/or 1305 in the organic light emitting layer
130 in the trench T is discontinuous, as shown in the
magnified views of FIGS. 3A and 3B, respectively.

[0072] In FIGS. 4 and 5A, the transistors 111 are formed
on the wafer substrate 110 (S101). The active layer 111a of
each of the transistors 111 is formed on the wafer substrate
110. The active layer 111¢ may include a semiconductor
material of a silicon group or a semiconductor material of an
oxide group.

[0073] The gate insulating layer 112 is formed on the
active layer 111a. The gate insulating layer 112 may include
a single-layered structure or a multiple-layered structure of
an inorganic material such as silicon oxide (SiOx) and
silicon nitride (SiNx).

[0074] The gate electrode 1115 is formed on the gate
insulating layer 112. The first insulating layer 113 is formed
on the active layer 111« and the gate electrode 1115. The first
insulating layer 113 may include a single-layered structure
or a multiple-layered structure of an inorganic material such
as silicon oxide (8iOx) and silicon nitride (SiNx).

[0075] The first and second trenches 111e and 1111 expos-
ing the active layer 111qa are formed in the first insulating
layer 113. The source electrode 111¢ and the drain electrode
1114 are formed on the first insulating layer 113. The source
electrode 111c is connected to the active layer 111a through
the first trench 111e, and the drain electrode 1114 is con-
nected to the active layer 111a through the second trench
111f

[0076] The first insulating layer 113 is further formed on
the source electrode 111¢ and the drain electrode 111d. The
third trench 1145 exposing the drain electrode 111d is
formed in the first insulating layer 113. The first metal layer
114a is formed on the first insulating layer 113. The first
metal layer 114a is connected to the drain electrode 1114
through the third trench 1145.

[0077] The second insulating layer 117 is formed on the
first metal layer 114a. The second insulating layer 117 may
include a single-layered structure or a multiple-layered
structure of an inorganic material such as silicon oxide
(S10x) and silicon nitride (SiNx).

[0078] The fourth trench 1156 exposing the first metal
layer 114a is formed in the second insulating layer 117. The
second metal layer 1154 is formed on the second insulating
layer 117. The second metal layer 115¢ is connected to the
first metal layer 114a through the fourth trench 1155.
[0079] The second insulating layer 117 is further formed
on the second metal layer 115a. The fifth trench 116 expos-
ing the second metal layer 115q is formed in the second
insulating layer 117.
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[0080] In FIGS. 4 and 5B, the first electrodes 121 are
formed on the second insulating layer 117 (S102). The buffer
metal layer 123a, the reflecting metal layer 122a and a first
metal layer 121a are sequentially formed on the second
insulating layer 117. The buffer metal layer 123¢ may have
a double-layered structure of titanium (Ti) and titanium
nitride (TiN). The reflecting metal layer 122a may include a
metallic material having a relatively high reflectance such as
silver (Ag). The first metal layer 121¢ may include a
transparent conductive oxide (TCO) such as indium tin
oxide (ITO) and indium zinc oxide (1Z0).

[0081] A photoresist pattern is formed on the first metal
layer 121a, the reflecting metal layer 122a and the buffer
metal layer 123a. The photoresist pattern may be disposed
in the pixels P.

[0082] In FIGS. 4 and 5C, the first electrodes 121, the
reflecting electrodes 122 and the buffer electrodes 123 are
formed by dry-etching the first metal layer 121a, the reflect-
ing metal layer 1224 and the buffer metal layer 123« outside
the photoresist pattern. Next, the photoresist pattern is
removed.

[0083] In FIGS. 4 and 5D, the planarizing layer 150 is
formed on the first electrodes 121 (S103). The planarizing
layer 150 fills a space between the first electrodes 121. A
filling material layer 150q is formed on the second insulating
layer 117 and the first electrode 121. For example, the filling
material layer 150a may include one of acrylic resin, epoxy
resin, phenolic resin, polyamide resin and polyimide resin.
[0084] In FIGS. 4 and 5E, the filling material layer 150a
is patterned through a photolithographic process using a
photo mask PM to form the planarizing layer 150. A step of
forming a photoresist layer and a step of forming a photo-
resist pattern corresponding to a mask pattern are omitted in
FIG. 5E.

[0085] In FIGS. 4 and 5F, the filling material layer 150a
may be patterned through a direct exposure and a direct
etching without the photoresist pattern according to a mate-
rial property of the filling material layer 150a. An etching
material which can etch the filling material layer 150a and
cannot etch the first electrodes 121 may be selected for the
step of etching the filling material layer 150a. The planariz-
ing layer 150 may include a second region A2 covering a
side surface of the first electrodes 121. The planarizing layer
150 may further include at least one of a first region Al
covering an edge top surface of the first electrodes 121 and
a third region A3 covering the second insulating layer 117.
The third region A3 may have a width greater than the
second region A2. The planarizing layer 150 may be spaced
apart from each other by the sixth trench T (S104).

[0086] In FIGS. 4 and 5G, the second insulating layer 117
is etched using the planarizing layer 150 as an etching mask.
Since an additional mask is not required, a fabrication
process is simplified. In addition, since the fabrication
deviation is reduced, the defective proportion is reduced and
the fabrication cost is reduced. An etching material which
can etch the second insulating layer 117 and cannot etch the
planarizing layer 150 and the first electrodes 121 may be
selected. For example, an etching solution for the second
insulating layer 117 may be different from an etching
solution for the filling material layer 150a or the photoresist
pattern of the filling material layer 150a. The sixth trench T
is formed in the second insulating layer 117 using the
planarizing layer 150 as an etching mask. The etching step
for the second insulating layer 117 may be combined with
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the etching step for the filling material layer 150a, and an
etching material which can etch the second insulating layer
117 and the planarizing layer 150 and cannot etch the first
electrode 121 may be used for the combined step. The
etching material may have different etch rates for the second
insulating layer 117 and the planarizing layer 150 and have
arelatively high etch rate for the second insulating layer 117.
Since the sixth trench T is formed using the planarizing layer
150 as an etching mask, a lower edge of the planarizing layer
150 may coincide with an upper edge of the sixth trench T
in the second insulating layer 117. The planarizing layer 150
and the second insulating layer 117 may include the sixth
trench T commonly (S105).

[0087] InFIGS. 4 and 5H, the organic light emitting layer
130, the second electrode 140 and the sealing layer 160 are
sequentially formed on the planarizing layer 150 having the
sixth trench T (S106).

[0088] The organic light emitting layer 130 is formed on
the first electrodes 121 and the planarizing layer 150. The
organic light emitting layer 130 may be formed through a
deposition process or a soluble process. When the organic
light emitting layer 130 is formed through a deposition
process, the organic light emitting layer 130 may be formed
using an evaporation method.

[0089] The organic light emitting layer 130 may be a white
emitting layer to emit a white-colored light. The organic
light emitting layer 130 may be a common layer formed over
the whole pixels commonly.

[0090] When the organic light emitting layer 130 is a
white emitting layer, the organic light emitting layer 130
may have a tandem structure including at least two stacks.
Each of the at least two stacks may include a hole trans-
porting layer, at least one emitting material layer and an
electron transporting layer.

[0091] The charge generating layer may be formed
between the stacks. The charge generating layer may include
an N type charge generating layer adjacent to a lower stack
and a P type charge generating layer over the N type charge
generating layer adjacent to an upper stack. The N type
charge generating layer injects an electron to the lower
stack, and the P type charge generating layer injects a hole
to the upper stack. The N type charge generating layer may
include an organic layer doped with an alkali metal such as
lithium (Li), sodium (Na), potassium (K) and cesium (Cs) or
an alkaline earth metal such as magnesium (Mg), strontium
(Sr), barium (Ba) and radium (Ra). The P type charge
generating layer may include an organic material having a
hole transporting ability doped with a dopant.

[0092] The organic light emitting layer 130 formed
through an evaporation method may have a poor step
coverage property. As a result, a thickness of the organic
light emitting layer 130 on the sidewall surface of the sixth
trench T may be smaller than a thickness of the organic light
emitting layer 130 on the bottom surface of the sixth trench
T. In addition, at least one of a stack and a charge generating
layer of the organic light emitting layer 130 may be formed
to have a cut portion at a position where the sidewall surface
and the bottom surface of the sixth trench T meet to increase
a resistance of the organic light emitting layer 130. As a
result, an influence on an adjacent pixel due to a leakage
current through the organic light emitting layer 130 may be
minimized.

[0093] The second stack 130c of the organic light emitting
layer 130 may planarize the unevenness of the charge
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generating layer 1305 of the organic light emitting layer 130
corresponding to the sixth trench T to have a flat top surface
in FIG. 5H. In FIG. 6, the second stack 130¢ of the organic
light emitting layer 130 may not planarize the unevenness of
the charge generating layer 1305 of the organic light emit-
ting layer 130 corresponding to the sixth trench T to have an
uneven top surface.

[0094] The second electrode 140 is formed on the organic
light emitting layer 130. The second electrode 140 may be
a common layer formed over the whole pixels commonly.
The second electrode 140 may include a transparent con-
ductive oxide (TCO) such as indium tin oxide (ITO) and
indium zinc oxide (IZO) or a semi-transmissive conductive
material such as magnesium (Mg), silver (Ag) and alloy of
magnesium and silver. When the second electrode 140
includes a semi-transmissive conductive material, a micro
cavity effect may be obtained.

[0095] The second electrode 140 may be formed through
a physical vapor deposition (PVD) method such as a sput-
tering. Since a film formed through a PVD method has an
excellent step coverage, the second electrode 140 may have
a uniform thickness as compared with the organic light
emitting layer 130 even with the sixth trench T.

[0096] The sealing layer 160 is formed on the second
electrode 140. The sealing layer 160 may prevent penetra-
tion of an oxygen or a moisture to the organic light emitting
layer 130 and the second electrode 140. For example, the
sealing layer 160 may include at least one inorganic layer
and at least one organic layer.

[0097] The color filters 171 and 172 are formed on the
sealing layer 160 (S107). The color filters 171 and 172
correspond to the pixels. For example, a red color filter may
be disposed to correspond to a red pixel, a green color filter
may be disposed to correspond to a green pixel, and a blue
color filter may be disposed to correspond to a blue pixel. An
overcoat layer may be formed on the color filters 171 and
172 to planarize a step difference due to the color filters 171
and 172. The encapsulation film 180 may be attached to the
color filters 171 and 172.

[0098] FIGS. 7A to 7D are cross-sectional views showing
a method of fabricating an organic light emitting display
device according to a second embodiment of the present
disclosure. FIGS. 7A to 7D correspond to a line I-I' of FIG.
1. For purposes of simplicity, FIG. 7D depicts the organic
light emitting layer 130 in the trench T as being continuous.
However, in embodiments of the present disclosure, at least
one of the layers 130a and/or 13056 in the organic light
emitting layer 130 in the trench T is discontinuous, as shown
in the magnified views of FIGS. 3A and 3B, respectively.
[0099] Steps of forming the transistors 111, the first and
second metal layers 114a and 1154, the first electrodes 121
and the filling material layer 1504 of the second embodiment
are the same as the steps of FIGS. 5A to 5D of the first
embodiment.

[0100] In FIG. 7A, the filling material layer 150a is
patterned through a photolithographic process using a photo
mask PM including three transmittances to form a tail shape
at a contact portion of the planarizing layer 150 and the
second insulating layer 117. The planarizing layer 150 may
include the first region Al covering the edge top surface of
the first electrodes 121, the second region A2 covering the
side surface of the first electrodes 121 and the third region
A3 contacting the second insulating layer 117 and connected
to the second region A2. The width of the third region A3
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may be greater than the width of the second region A2. The
width of the sixth trench T may be minutely adjusted by
forming the third region A3 with a greater width. Since the
mask pattern has different transmittances, the second and
third regions A2 and A3 may be formed to have different
thicknesses.

[0101] A step of forming a photoresist layer and a step of
forming a photoresist pattern corresponding to a mask
pattern are omitted in FIG. 7A. The filling material layer
1504 may be patterned through a direct exposure and a direct
etching without the photoresist pattern according to a mate-
rial property of the filling material layer 150a. An etching
material which can etch the filling material layer 150a and
cannot etch the first electrodes 121 may be selected for the
step of etching the planarizing layer 150a. The planarizing
layer 150 may include a second region A2 covering a side
surface of the first electrodes 121. The planarizing layer 150
may further include at least one of a first region Al covering
an edge top surface of the first electrodes 121 and a third
region A3 covering the second insulating layer 117. The
third region A3 may have a width greater than the second
region A2. The planarizing layer 150 may be spaced apart
from each other by the sixth trench T.

[0102] InFIG. 7B, the filling material layer 150a is etched
to form the planarizing layer 150 similarly to FIG. 5G.

[0103] In FIG. 7C, the sixth trench T is formed in the
second insulating layer 117 using the planarizing layer 150
as an etching mask similarly to FIG. 5H.

[0104] InFIG. 7D, the organic light emitting layer 130, the
second electrode 140, the sealing layer 160, the color filters
171 and 172 and the encapsulation layer 180 are sequentially
formed on the planarizing layer 150 having the sixth trench
T similarly to FIGS. 5H and 6. The organic light emitting
layer 130 has a step difference due to the sixth trench T and
the third region A3 of the planarizing layer 150.

[0105] At least one of a stack and a charge generating
layer of the organic light emitting layer 130 may be formed
to have a cut portion at a position where the sidewall surface
and the bottom surface of the sixth trench T meet to increase
a resistance of the organic light emitting layer 130. As a
result, an influence on an adjacent pixel due to a leakage
current through the organic light emitting layer 130 may be
minimized.

[0106] FIGS. 8A to 8F are cross-sectional views showing
a method of fabricating an organic light emitting display
device according to a third embodiment of the present
disclosure. FIGS. 8A to 8E correspond to a line I-I' of FIG.
1.

[0107] Steps of forming the transistors 111, the first and
second metal layers 114a and 1154, the first electrodes 121
and the filling material layer 150a of the third embodiment
are the same as the steps of FIGS. 5A to 5D of the first
embodiment.

[0108] In FIG. 8A, the filling material layer 150a is
formed according to a step difference of the first electrodes
121 and the second insulating layer 117. Although the filling
material layer 150a on the first electrodes 121 and the filling
material layer 150a on the second insulating layer 117 may
be patterned through one etching step as in FIGS. 5F and 7B,
the filling material layer 150a on the first electrodes 121 and
the filling material layer 150a on the second insulating layer
117 may be patterned using different photo masks.
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[0109] 1In FIG. 8B, a first photo mask PM1 is disposed
over the filling material layer 150a. The first photo mask
PM1 may have a mask pattern corresponding to the first
electrodes 121.

[0110] In FIG. 8C, the filling material layer 150a on the
first electrodes 121 is patterned to expose the first electrode
121.

[0111] In FIG. 8D, a second photo mask PM2 is disposed
over the filling material layer 150a. The second photo mask
PM2 has a mask pattern corresponding to the second insu-
lating layer 117 between the first electrodes 121.

[0112] In FIG. 8E, the filling material layer 150a and the
second insulating layer 117 are patterned to form the sixth
trench T. Since the photoresist pattern covers the first
electrodes 121, the first electrodes 121 are protected by the
photoresist pattern while the filling material layer 150a and
the second insulating layer 117 are patterned. In addition, a
further optimized etching material may be used for the step
of etching the second insulating layer 117. The etching
material for patterning the filling material layer 150a on the
first electrode 121 may be different from the etching material
for patterning the filling material layer 150a on the second
insulating layer 117. Since the second insulating layer 117
and the planarizing layer 150 form the sixth trench T
together, a lower edge of the planarizing layer 150 may
coincide with an upper edge of the sixth trench T in the
second insulating layer 117. The planarizing layer 150 and
the second insulating layer 117 may include the sixth trench
T commonly.

[0113] FIGS. 9A and 9B are cross-sectional views show-
ing a method of fabricating an organic light emitting display
device according to a fourth embodiment of the present
disclosure. FIGS. 9A and 9B correspond to a line I-I' of FIG.
1.

[0114] Steps of forming the transistors 111, the first and
second metal layers 114a and 1154, the first electrodes 121
and the filling material layer 150a of the fourth embodiment
are the same as the steps of FIGS. 5A to 5D of the first
embodiment. A step of patterning the filling material layer
150a on the first electrodes 121 of the fourth embodiment is
the same as the step of FIG. 8B of the third embodiment.

[0115] In FIG. 9A, a photo mask PM is disposed over the
filling material layer 150a. The photo mask PM may have a
mask pattern corresponding to the second insulating layer
117 between the first electrodes 121. The mask pattern may
have a width smaller than a gap distance between the second
regions A2 of the planarizing layer 150 covering the side
surface of the first electrodes 121.

[0116] In FIG. 9B, the planarizing layer 150 and the
second insulating layer 117 may be patterned so that the
planarizing layer 150 can have the third region A3 contact-
ing the second insulating layer 117 and connected to the
second region A2. Since an influence due to the process
deviation is reduced as compared with the third embodiment
of FIGS. 8A to 8D, the defective proportion is further
reduced. In addition, since the sixth trench has a uniform
width, the step coverage of the organic light emitting layer
130 and the second electrode 140 is effectively adjusted in
subsequent processes. Since the second insulating layer 117
and the planarizing layer 150 form the sixth trench together,
a lower edge of the planarizing layer 150 may coincide with
an upper edge of the sixth trench T in the second insulating
layer 117. The planarizing layer 150 and the second insu-
lating layer 117 may include the sixth trench T commonly.
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[0117] FIG. 10 is photographs showing experimental
results of the sixth trench of an organic light emitting display
device according to one of first to fourth embodiments of the
present disclosure.

[0118] In FIG. 10, the sixth trench T in the second insu-
lating layer 117 and the planarizing layer 150 may have
widths of about 0.19 pm, about 0.17 pm and about 0.15 pm.
When the sixth trench has a width of about 0.19 um, the
organic light emitting layer 130 and the second electrode
140 may be formed in the sixth trench T and the second
electrode 140 (cathode) may be cut. As a result, the second
electrode 140 may be open by sub-pixel to have a relatively
high resistance, and the organic light emitting display device
may not be driven due to a position deviation. When the
sixth trench has a width of about 0.17 um to about 0.15 pm,
the organic light emitting layer 130 is partially cut such that
a portion of the organic light emitting layer 130 and the
second electrode 140 contact each other. As a result, dete-
rioration due to the sixth trench having a width of about 0.19
um is prevented.

[0119] FIG. 11 is a graph showing experimental results of
the sixth trench of an organic light emitting display device
according to one of first to fourth embodiments of the
present disclosure.

[0120] In FIG. 11, the sixth trench T in the second insu-
lating layer 117 and the planarizing layer 150 may have
depths of about 0.3 um, about 0.4 pm and about 0.5 pm.
When the sixth trench T has a depth smaller than about 0.5
um, a current increases at a voltage smaller than about OV.
Although the diode of the organic light emitting layer 130
should be turned off at a voltage smaller than about 0V, the
diode of the organic light emitting layer 130 is turned on due
to a leakage current through the side surface. The leakage
current may be prevented by cutting the organic light
emitting layer 130 for the sixth trench T having a depth
greater than about 0.5 pm. Since the resistance of the organic
light emitting layer 130 increases by forming at least one of
a stack and a charge generating layer of the organic light
emitting layer 130, an influence on an adjacent pixel due to
a leakage current through the organic light emitting layer
130 may be minimized. As a result, it is preferable for the
sixth trench has a depth greater than about 0.5 pm.

[0121] FIG. 12 is a graph showing simulation results of the
sixth trench of an organic light emitting display device
according to one of first to fourth embodiments of the
present disclosure.

[0122] In FIG. 12, the sixth trench T in the second
insulating layer 117 and the planarizing layer 150 may have
depths of about 0.3 um, about 0.5 pm and about 1.0 pm.
While the second electrode 140 of bar is continuously
formed on the sixth trench T of depths of about 0.3 pm and
about 0.5 pm, the second electrode 140 of bar is cut on the
sixth trench T of a depth of about 1.0 pm. When the second
electrode 140 is cut, the resistance of the second electrode
140 increases as in the experiments of the sixth trench T of
various widths, and the organic light emitting display device
may not be driven due to a position deviation. As a result, it
is preferable for the sixth trench has a depth equal to or
smaller than about 1.0 um.

[0123] FIG. 13 is a plan view showing an organic light
emitting display device according to one of first to fourth
embodiments of the present disclosure.

[0124] InFIG. 13, the sixth trench T may be formed at one
side between the first electrodes 121 or may be formed at
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four sides of each of the first electrodes 121. When each of
the first electrodes 121 has a shape other than a rectangular
shape, the sixth trench T may be formed at all sides of each
of the first electrodes 121.

[0125] FIGS. 14A and 14B are a perspective view and a
plan view showing a head mounted display including an
organic light emitting display device according to one of first
to fourth embodiments of the present disclosure.

[0126] In FIGS. 14A and 14B, a head mounted display
HMD including an organic light emitting display device
includes a display case 10, a left eye lens 20qa, a right eye
lens 205 and a head band 30.

[0127] The display case 10 accommodates a display
device and provides an image of the display device to the left
eye lens 20a and the right eye lens 205. The display device
may be an organic light emitting display (OLED) device
according to one of first to fourth embodiments of the
present disclosure.

[0128] The display case 10 may be formed to provide the
same image to the left eye lens 20a and the right eye lens
204. Alternatively, display case 10 may be formed to provide
aleft eye image and a right eye image to the left eye lens 20a
and the right eye lens 205, respectively. The head mounted
display HMD of FIGS. 14A and 14B may be applied to a
virtual reality (VR) device.

[0129] The head band 30 may be fixed to the display case
10. Although the head band 30 is formed to wrap an upper
surface and a side surface of a head of a user in FIG. 14A,
the shape of the head band 30 is not limited thereto. The
head band 30 is used for fixing the head mounted display
HMD to a head of a user. The head band 30 may have a glass
shape or a helmet shape in another embodiment.

[0130] FIG. 15 is a plan view showing a head mounted
display including an organic light emitting display device
according to one of first to fourth embodiments of the
present disclosure.

[0131] InFIG. 15, a head mounted display HMD includes
a display case 10, a left eye lens 20q, a right eye lens 204,
a left eye organic light emitting display (OLED) device 11,
a right eye organic light emitting display (OLED) device 12
and a head band 30. The left eye OLED device 11 and the
right eye OLED device 12 may be disposed in front of the
left eye lens 20a and the right eye lens 20, respectively, in
the display case 10. The left eye OLED device 11 and the
right eye OLED device 12 may display a left eye image and
aright eye image, respectively. The left eye image displayed
by the left eye OLED device 11 is transmitted to a left eye
LE of a user through the left eye lens 20q, and the right eye
image displayed by the right eye OLED device 12 is
transmitted to a right eye RE of a user through the right eye
lens 205.

[0132] A magnified lens may be further disposed between
left eye lens 20a and the left eye OLED device 11 and
between the right eye lens 206 and the right eye OLED
device 12. The left and right image displayed by the left eye
OLED device 11 and the right eye OLED device 12 may be
magnified and transmitted to the user. The HMD of F1G. 15
may be applied to an augmented reality (AR) device.
[0133] FIG. 16 is a cross-sectional view showing a head
mounted display including an organic light emitting display
device according to one of first to fourth embodiments of the
present disclosure.

[0134] In FIG. 16, a head mounted display includes a
display case 10, a left eye lens 20q, a right eye lens (not
shown), a reflecting plate 13 and an organic light emitting
display (OLED) device 14. The OLED device 14 displays an
image toward the reflecting plate 13, and the reflecting plate
13 reflects the image of the OLED device 14 toward the left
eye lens 20q and the right eye lens. As a result, the image of
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the OLED device 14 is transmitted to a left eye LE of a user
through the left eye lens 20a and a right eye of a user through
the right eye lens. When a half mirror is used as the
reflecting plate 13, the display case 10 may have a thin
profile.

[0135] In addition, a magnified lens may be further dis-
posed between the left eye lens 204 and the reflecting plate
13 and between the right eye lens and the reflecting plate 13.
The image of the OLED device 14 may be magnified and
transmitted to the user.

[0136] Consequently, in an organic light emitting display
device according to an embodiment of the present disclo-
sure, since a planarizing layer is formed between first
electrodes to fill a step difference of an insulating layer and
the first electrode, a shortage of the first electrode and a
charge generating layer or a second electrode at a step
difference area between the insulating layer and the first
electrode is prevented. Since the planarizing layer partially
covers a top surface of the first electrode, generation of a
strong electric field between the first and second electrodes
is prevented and deterioration of an organic light emitting
layer is prevented. A shortage of the first electrode and the
organic light emitting layer is prevented.

[0137] Since a trench is formed in the planarizing layer, a
path of a leakage current between adjacent pixels through
the organic light emitting layer may be elongated as com-
pared with an OLED device without a trench. Since the
planarizing layer is formed to have a relatively great width
in a region where the planarizing layer and the insulating
layer contact, a width of the trench in the insulating layer
may be adjusted. Since a thickness of the organic light
emitting layer on a sidewall of the trench is smaller than a
thickness of the organic light emitting layer on a bottom of
the trench, a resistance of the organic light emitting layer
may increase and an influence on an adjacent pixel due to a
leakage current through the organic light emitting layer may
be minimized. In addition, since at least one of a stack and
a charge generating layer of the organic light emitting layer
is formed to have at least one cut portion at a position where
the sidewall surface and the bottom surface of the trench
meet, a resistance of the organic light emitting layer may
increase and an influence on an adjacent pixel due to a
leakage current through the organic light emitting layer may
be minimized.

[0138] It will be apparent to those skilled in the art that
various modifications and variations can be made in an
organic light emitting display device, a head mounted dis-
play including the same and a method of fabricating the
same of the present disclosure without departing from the
spirit or scope of the disclosure. Thus, it is intended that the
present disclosure covers the modifications and variations of
these aspects provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:
1. An organic light emitting display device, comprising:
an insulating layer;

first electrodes disposed on the insulating layer and
spaced from each other by a gap;

an organic light emitting layer on the first electrodes; and
a second electrode on the organic light emitting layer,

wherein the insulating layer includes a trench in the gap
between the first electrodes,
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wherein the organic light emitting layer includes a first
stack on the first electrodes, a charge generating layer
on the first stack, and a second stack on the charge
generating layer,

wherein each of the first and second stacks includes a hole

transporting layer, at least one emitting material layer
and an electron transporting layer, and

wherein the first stack has a discontinuous portion in the

trench.

2. The organic light emitting display device of claim 1,
wherein at least one of layers of the second stack extends
continuously across the trench.

3. The organic light emitting display device of claim 1,
wherein the charge generating layer has a discontinuous
portion in the trench.

4. The organic light emitting display device of claim 1,
wherein a gap distance between the first electrodes is equal
to or smaller than 0.7 pm.

5. The organic light emitting display device of claim 1,
wherein a width of the first trench is equal to or smaller than
0.17 pm.

6. The organic light emitting display device of claim 1,
wherein a depth of the first trench is equal to or greater than
0.5 pm and equal to or smaller than 1.0 pm.

7. The organic light emitting display device of claim 1,
wherein a planarizing layer includes a first region covering
a portion of a top surface of the first electrodes.

8. The organic light emitting display device of claim 7,
wherein a width of the first region of the planarizing layer is
equal to or greater than 0.1 pm.

9. The organic light emitting display device of claim 1,
wherein a planarizing layer includes a second region cov-
ering a side surface of the first electrodes and a third region
contacting the insulating layer and connected to the second
region.

10. The organic light emitting display device of claim 9,
wherein a width of the third region is greater than a width of
the second region.

11. The organic light emitting display device of claim 1,
wherein the organic light emitting layer includes a first stack
on the first electrodes, a charge generating layer on the first
stack and a second stack on the charge generating layer,

wherein the first stack has a cut portion over the first

trench in the insulating layer.

12. The organic light emitting display device of claim 1,
wherein the organic light emitting layer includes a first stack
on the first electrodes, a charge generating layer on the first
stack and a second stack on the charge generating layer,

wherein the charge generating layer has a cut portion over

the first trench in the insulating layer.

13. A head mounted display, comprising:

a display case;

a left eye lens and a right eye lens in the display case;

at least one organic light emitting display device provid-

ing at least one image to the left eye lens and the right
eye lens; and

a head band connected to the display case,

wherein the at least one organic light emitting display

device comprises:

an insulating layer;

first electrodes disposed on the insulating layer and

spaced from each other by a gap;

an organic light emitting layer on the first electrodes; and

a second electrode on the organic light emitting layer,

wherein the insulating layer includes a trench in the gap

between the first electrodes,
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wherein the organic light emitting layer includes a first
stack on the first electrodes, a charge generating layer
on the first stack, and a second stack on the charge
generating layer,

wherein each of the first and second stacks includes a hole
transporting layer, at least one emitting material layer
and an electron transporting layer, and

wherein the first stack has a discontinuous portion in the
trench.

14. A method of fabricating an organic light emitting
display device, comprising;
forming an insulating layer on a substrate;

forming first electrodes on the insulating layer, the first
electrodes spaced from each other by a gap;

forming an organic light emitting layer on the first elec-
trodes; and

forming a second electrode on the organic light emitting
layer,

wherein the insulating layer includes a trench in the gap
between the first electrodes,

wherein the organic light emitting layer includes a first
stack on the first electrodes, a charge generating layer
on the first stack, and a second stack on the charge
generating layer,

wherein each of the first and second stacks includes a hole
transporting layer, at least one emitting material layer
and an electron transporting layer, and

wherein the first stack has a discontinuous portion in the
trench.

15. An organic light emitting display device, comprising:
a first sub-pixel including a first electrode of the first
sub-pixel covering an insulating layer of the first sub-
pixel;

second sub-pixel including a first electrode of the
second sub-pixel covering an insulating layer of the
second sub-pixel; and

trench between the first sub-pixel and the second
sub-pixel that extends down through at least part of an
insulating layer between the first sub-pixel and the
second sub-pixel, wherein the insulating layer of the
first sub-pixel, the insulating layer of the second sub-
pixel, and the insulating layer between the first sub-
pixel and the second sub-pixel are part of a same layer,

wherein the organic light emitting layer includes a first
stack on the first electrodes, a charge generating layer
on the first stack, and a second stack on the charge
generating layer,

wherein each of the first and second stacks includes a hole
transporting layer, at least one emitting material layer
and an electron transporting layer, and

wherein the first stack has a discontinuous portion in the
trench.

16. The organic light emitting display device of claim 15,
further comprising an organic light emitting layer including
two or more layers in the trench.

17. The organic light emitting display device of claim 16,
wherein at least one of layers of the second stack extends
continuously across the trench.
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18. The organic light emitting display device of claim 15,
wherein each of the first sub-pixel and the second sub-pixel
includes a planarization layer covering an edge of the first
electrode of the sub-pixel.

N I I



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

patsnap

BHEAKXEREE  QRZERRENABRNE RERRFESTE
US20190058022A1 [ (r&)B 2019-02-21
US16/104048 FER 2018-08-16
FEERERAF

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

FRIRBAA BAIK SEUNG MIN
HEO JOON YOUNG
RHA BAIK, SEUNG-MIN
HEO, JOON-YOUNG
IPCH %% HO1L27/32 HO1L51/52
CPCHEKE HO1L27/3246 HO1L51/5218 HO1L51/5278 HO1L27/3258 HO1L27/322 H01L2227/323 HO1L51/5044
HO1L51/56 HO1L27/3209 HO1L27/3248 HO1L2251/5392
L5 1020170103687 2017-08-16 KR
H M2 TF S0k US10680045
SAEBEE Espacenet USPTO
%g(é) 171 A 172
—RENEKETEE B BERBER L1 — B H R S N E— — .
BRI B — AR ENENARR FIEENRRE OB =B, Hep ——
PR R BEIE A — L2 AN | EFRENERRERE w1 o
EFRE-BRENE—BR  EFAE-BRLNOETER , UR . — ||| r= =
EoEMERHFLE LR AP E-AE-BERNE MO 122 > : !
TERE , ED—MEAMBENBT AR, FARRE—BREN ’ | I et
W EATESSS .

/ ! I
11d 111F 111a111b 111e 111c
_

11


https://share-analytics.zhihuiya.com/view/72e3aff3-c816-44b2-a091-5c31760dd2cb
https://worldwide.espacenet.com/patent/search/family/065234855/publication/US2019058022A1?q=US2019058022A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190058022%22.PGNR.&OS=DN/20190058022&RS=DN/20190058022

