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DISPLAY DEVICE AND EYEGLASSES-LIKE
AUGMENTED REALITY DEVICE USING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2017-0162520, filed on Nov. 30,
2017, which is incorporated herein by reference for all
purposes as if fully set forth herein.

BACKGROUND

Technical Field

[0002] The present disclosure relates to a display device
and an eyeglasses-like augmented reality device using the
samie.

Description of the Related Art

[0003] The market for displays which act as an interme-
diary between users and information is growing with the
development of information technology. Thus, display
devices such as liquid crystal displays (LCD), field emission
displays (FED), light-emitting displays (LED), and electro-
phoresis displays (EPD) are increasingly used.

[0004] A light-emitting display device is based on light-
emitting display elements. The light-emitting display device
comprises a display panel comprising a plurality of subpix-
els, a drive part that drives the display panel, and a power
supply part that supplies electric power to the display panel.
The drive part comprises a scan driver that supplies scan
signals (or gate signals) to the display panel and a data driver
that supplies data signals to the display panel.

[0005] The light-emitting display device can emit light
itself and therefore may be implemented as a television, a
video player, a personal computer (PC), a home theater, a
smartphone, a virtual reality (VR) device, an augmented
reality (AR) device, etc. To make the light-emitting display
device suitable for at least one of the above devices, there is
a need for research into a structure for minimizing the loss
of brightness on the display panel, that will work well with
the intended device.

BRIEF SUMMARY

[0006] An exemplary embodiment of the present disclo-
sure provides a display device comprising: a display panel
comprising a lower substrate and an upper substrate and
having a display area; an insulating layer that lies over the
lower substrate and has a sloped surface in the display area;
and an organic light-emitting diode on the insulating layer,
wherein the insulating layer has different slopes for different
positions in the display area.

[0007] Another exemplary embodiment of the present
disclosure provides a display device comprising: a display
panel comprising a lower substrate, an upper substrate, and
a plurality of subpixels located between the lower and upper
substrates; and a color filter layer overlying the upper
substrate, each color filter of which is positioned to corre-
spond to part of a first subpixel and part of a second
subpixel, wherein the display panel comprises: an insulating
layer on the lower substrate; and organic light-emitting
diodes that lie on the insulating layer and are positioned to
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correspond to the plurality of subpixels, wherein the insu-
lating layer has a sloped surface in some parts of a display
area of the display panel.

[0008] Still another exemplary embodiment of the present
disclosure provides an eyeglasses-like augmented reality
device comprising: a display panel that displays an image;
an optical lens that is placed on the front of the display; and
ahousing that contains the display panel and the optical lens,
wherein the display panel comprises: an insulating layer on
the lower substrate; and organic light-emitting diodes that lie
on the insulating layer and are positioned to correspond to
the plurality of subpixels, wherein the insulating layer has a
sloped surface in some parts of a display area of the display
panel.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0009] The accompany drawings, which are included to
provide a further understanding of the disclosure and are
incorporated on and constitute a part of this specification,
illustrate embodiments of the disclosure and together with
the description serve to explain the principles of the disclo-
sure.

[0010] FIG. 1 is a schematic block diagram of an organic
light-emitting display;

[0011] FIG. 2 is a schematic circuit diagram of a subpixel;
[0012] FIGS. 3A and 3B are a detailed circuit diagrams
illustrating a portion of FIG. 2;

[0013] FIG. 4 is a view illustrating the plane of a display
panel;
[0014] FIGS. 5A and 5B is a cross-sectional view taken

along the line 11-12 of FIG. 4 of different embodiments;

[0015] FIG. 6 is a view of an eyeglasses-like augmented
reality device;
[0016] FIG. 7 is a view of the basic configuration of an

eyeglasses-like augmented reality device;

[0017] FIG. 8 is a first exemplary view of an optical lens
and display panel of an eyeglasses-like augmented reality
device;

[0018] FIGS.9A and 9B are second exemplary views of an
optical lens and display panel of an eyeglasses-like aug-
mented reality device;

[0019] FIG. 10 is a third exemplary view for assisting in
structural understanding of the miniaturization of an optical
lens;

[0020] FIGS. 11 and 12 are cross-sectional views showing
primary components of a display panel in an eyeglasses-like
augmented reality device according to a test example and the
directions in which they emit light;

[0021] FIGS. 13 and 14 are views for explaining problems
with the test example;

[0022] FIGS. 15 and 16 are cross-sectional views showing
primary components of a display panel in an eyeglasses-like
augmented reality device according to a first exemplary
embodiment of the present disclosure and the directions in
which they emit light;

[0023] FIGS. 17 and 18 are views for explaining improve-
ments according to the first exemplary embodiment;
[0024] FIGS. 19 and 20 are cross-sectional views showing
primary components of a display panel in an eyeglasses-like
augmented reality device according to a second exemplary
embodiment of the present disclosure and the directions in
which they emit light; and
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[0025] FIG. 21 is a view of a color filter layer and an
insulating layer that are included in an optical lens and
display panel made based on the first and second exemplary
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0026] Reference will now be made in detail embodiments
of the disclosure examples of which are illustrated in the
accompanying drawings.

[0027] Hereinafter, concrete embodiments of the present
disclosure will be described with reference to the accompa-
nying drawings.

[0028] A display device to be described below is appli-
cable to any self-emissive display device that is based on
self-emitting elements that can emit light themselves. Par-
ticularly, the display device to be described below is appli-
cable to an inorganic light-emitting display device that is
based on inorganic light-emitting diodes, as well as an
organic light-emitting display device that is based on organic
light-emitting diodes (light-emitting display elements).
However, the following description will be given with
respect to an organic light-emitting display device.

[0029] FIG. 1 is a schematic block diagram of an organic
light-emitting display. FIG. 2 is a schematic circuit diagram
of a subpixel. FIGS. 3A and 3B are detailed circuit diagrams
illustrating a portion of FIG. 2. FIG. 4 is a view illustrating
the plane of a display panel. FIGS. 5A and 5B are cross-
sectional views of different embodiments taken along the
line I11-12 of FIG. 4

[0030] As shown in FIG. 1, the organic light-emitting
display comprises a timing controller 151, a data driver 155,
a scan driver 157, a display panel 110, and a power supply
part 153.

[0031] The timing controller 151 receives drive signals,
including a data enable signal, a vertical synchronization
signal, a horizontal synchronization signal, and a clock
signal, along with data signals DATA, from an image
processor (not shown). Based on the drive signals, the
timing controller 151 outputs a gate timing control signal
GDC for controlling the operation timing of the scan driver
157 and a data timing control signal DDC for controlling the
operation timing of the data driver 155. The timing control-
ler 151 may be provided in the form of an IC (integrated
circuit)

[0032] The data driver 155 samples and latches a data
signal DATA supplied from the timing controller 151 in
response to a data timing control signal DDC supplied from
the timing controller 151, and converts a digital data signal
to an analog data signal (or data voltage) as a gamma
reference voltage and outputs it. The data driver 155 outputs
data signals DATA through data lines DL1 to DLn. The data
driver 155 may be provided in the form of an IC (integrated
circuit).

[0033] The scan driver 157 outputs scan signals in
response to a gate timing control signal GDC supplied from
the timing controller 151. The scan driver 157 outputs scan
signals through scan lines GL1 to GLm. The scan driver 157
may be provided in the form of an IC or formed on the
display panel 110 using the gate-in-panel technology (in
which transistors are formed using a thin-film process).
[0034] The power supply part 153 outputs a high-level
voltage and a low-level voltage. The high-level voltage and
low-level voltage outputted from the power supply part 153
are supplied to the display panel 110. The high-level voltage
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is supplied to the display panel 110 via a first power line
EVDD, and the low-level voltage is supplied to the display
panel 110 via a second power line EVSS. The power supply
part 153 may be provided in the form of an IC.

[0035] The display panel 110 displays an image in
response to data signals DATA supplied from the data driver
155, scan signals supplied from the scan driver 157, and
electric power supplied from the power supply part 153. The
display panel 110 comprises subpixels SP that work to
display an image and emit light.

[0036] The subpixels SP may comprise red subpixels,
green subpixels, and blue subpixels, or may comprise white
subpixels, red subpixels, green subpixels, and blue subpix-
els. The subpixels SP may have one or more different
light-emission areas depending on the light-emission char-
acteristics.

[0037] As shown in FIG. 2, a single subpixel is positioned
at the intersection of a data line DL.1 and a scan line GL1,
and comprises a programming part SC for setting the
gate-source voltage of a driving transistor DR and an organic
light-emitting diode OLED.

[0038] The organic light-emitting diode OLED comprises
an anode ANO, a cathode CAT, and an organic emissive
layer sandwiched between the anode ANO and cathode CAT.
The anode ANO is connected to the driving transistor DR.
[0039] The programming part SC may comprise a tran-
sistor part (transistor array) comprising at least one switch-
ing transistor and at least one capacitor. The transistor part
is implemented based on CMOS semiconductor, PMOS
semiconductor, or NMOS semiconductor. The transistors
included in the transistor part may be implemented as p-type
or n-type. Moreover, semiconductor layers of the transistors
included in the transistor part of the subpixel may contain
amorphous silicon, polysilicon, or oxide.

[0040] The switching transistor turns on in response to a
scan signal from the scan line GL1 to apply a data voltage
from the data line DL1 to one electrode of the capacitor. The
driving transistor DR adjusts the amount of light emitted
from the organic light-emitting diode OLED by controlling
the amount of current depending on the amount of voltage
stored in the capacitor. The amount of light emitted from the
organic light-emitting diode OLED is proportional to the
amount of current supplied from the driving transistor DR.
Also, the subpixel is connected to a first power supply line
EVDD and a second power supply line EVSS to receive
high-level voltage and low-level voltage.

[0041] As shown in FIG. 3A, the subpixel may comprise
an internal compensation circuit CC, as well as the afore-
mentioned switching transistor SW, driving transistor DR,
capacitor Cst, and organic light-emitting diode OLED. The
internal compensation circuit CC may comprise one or more
transistors connected to a compensation signal line INIT.
The internal compensation circuit CC sets the gate-source
voltage of the driving transistor DR to a voltage that reflects
variation in threshold voltage, so as to cancel out any
brightness variation caused by the threshold voltage of the
driving transistor DR when the organic light-emitting diode
OLED emits light. In this case, the scan line GL.1 comprises
at least two scan lines GL.1a and GL1b for controlling the
switching transistor SW and the transistors in the internal
compensation circuit CC.

[0042] As shown in FIG. 3B, the subpixel may comprise
a switching transistor SW1, a driving transistor DR, a
sensing transistor SW2, a capacitor Cst, and an organic
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light-emitting diode OLED. The sensing transistor SW2 is a
transistor that may be included in the internal compensation
circuit CC, and performs a sensing operation for compen-
sating for the subpixel.

[0043] The switching transistor SW1 serves to supply a
data voltage supplied through the data line D1 to a first
node N1, in response to a scan signal supplied through the
first scan line GL1a. The sensing transistor SW2 serves to
reset or sense a second node N2 situated between the driving
transistor DR and the organic light-emitting diode OLED, in
response to a sensing signal supplied through the second
scan line GL15.

[0044] Meanwhile, the above circuit configuration of the
subpixel depicted in FIGS. 3A and 3B are provided only for
ease of comprehension. That is, the circuit configuration of
the subpixel according to the present disclosure is not
limited to the above, but may vary, including 2T(transistor)
1C(capacitor), 3T2C, 4T2C, 5T1C, 6T2C, and 7T2C.

[0045] As shown in FIG. 4, the display panel 110 com-
prises a lower substrate 110a, an upper substrate 1105, a
display area AA, and a pad part PAD. The display area AA
is made up of subpixels SP that emit light. While the
subpixels SP in the display area AA are sealed because of
their sensitivity to moisture or oxygen, the pad part PAD is
exposed because it is made up of pads for facilitating an
electrical connection with an external substrate.

[0046] The display area AA may be placed to take up most
of the surface of the lower substrate 110a, and the pad part
PAD may be placed on one outer edge of the lower substrate
110a. The display panel 110 may be rectangular, for
example, and also may have various shapes like a pentagon,
hexagon, polygon, circle, or ellipse.

[0047] As shown in FIG. 4 and FIG. 5A, the display area
AA may be sealed with a sealing member 170 situated
between the lower substrate 110a and upper substrate 1105.
As shown in FIG. 4 and FIG. 5B, the display area AA may
be sealed by the lower substrate 110a and upper substrate
1105 alone.

[0048] The display panel 110 may come in various shapes,
including flat, flexible or stretchable, or curved. Moreover,
the display panel 110 may be implemented as a bottom-
emission type that emits light toward the lower substrate
110a, a top-emission type that emits light toward the upper
substrate 1105, or a dual-emission type that emits light
toward both of the substrates 110a and 1105. Therefore, the
sealing structure of the display panel 110 may be selected to
conform to a desired shape and is therefore not limited to
what is depicted in FIGS. 4 and 5A and 5B.

[0049] The above-explained light-emitting display device
to be described below may be implemented as a television,
a video player, a personal computer (PC), a home theater, a
smartphone, a virtual reality (VR) device, an augmented
reality (AR) device, etc. However, the present disclosure
will be described below with respect to an eyeglasses-like
augmented reality device since it offers better benefits when
implemented as an augmented reality device.

[0050] FIG. 6 is a view of an eyeglasses-like augmented
reality device 100. FIG. 7 is a view of the basic configuration
of an eyeglasses-like augmented reality device 100. FIG. 8
is a first exemplary view of an optical lens and display panel
of an eyeglasses-like augmented reality device. FIGS. 9A
and 9B are second and third exemplary views of an optical
lens and display panel of an eyeglasses-like augmented
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reality device 100. FIG. 10 is a fourth exemplary view for
assisting in structural understanding of the miniaturization
of an optical lens.

[0051] As shown in FIGS. 6 to 8, an eyeglasses-like
augmented reality device 100 comprises a display panel 110,
a flexible circuit board 140, a printed circuit board 150, a
first mirror 160, a second mirror 1605, a light guide 170, an
optical lens 180, a fastening part 195, and a housing 190.
[0052] The housing 190 serves to contain the components
of the eyeglasses-like augmented reality device 100—for
example, the display panel 110, the flexible circuit board
140, and the printed circuit board 150. The housing 190 may
comprise a first housing 190¢ and a second housing 1905.
The first housing 190a and the second housing 1905 may be
physically held together by the fastening part 195. The
housing 190 can be coupled to the augmented reality device
100.

[0053] The display panel 110 and the printed circuit board
150 are electrically connected by the flexible circuit board
140. The scan driver, etc., may be placed in the form of a
gate-in-panel on the display panel 110. The data driver, etc.,
may be placed in the form of an IC on the printed circuit
board 150. The timing controller, power supply part, etc.,
may be placed in the form of an IC on the printed circuit
board 150.

[0054] The optical lens 180 is placed on the front of the
display area of the display panel 110. The optical lens 180
may be a lens that has a wider angle of view on the display
panel 110 and a short focal length. For example, the optical
lens 180 may be a convex lens whose light-emitting surface
is convex. The optical lens 180 may be placed between the
first housing 190¢ and the second housing 1905.

[0055] The first mirror 160a is placed on the front of the
optical lens 180. The first mirror 160a serves to horizontally
reflect an image, which is light, that leaves the optical lens
180 and vertically hits the first mirror 160a. The first mirror
160 serves to change the light path from vertical to hori-
zontal. To this end, the first mirror 160a may have a first
slope.

[0056] The light guide 170 is placed between the first
mirror 160a and the second mirror 1605. One side of the
light guide 170 adjoins the first mirror 160a, and the other
side adjoins the second mirror 1605. The light guide 170
serves to guide the image, which is light, reflected from the
first mirror 160a to the second mirror 1605.

[0057] The second mirror 1605 is placed on the other side
of the light guide 170. The second mirror 1605 serves to
vertically reflect an image, which is light, that passes
through the light guide 170 and then horizontally hits the
second mirror 1605. The second mirror 1605 serves to
change the light path from horizontal to vertical. To this end,
the first mirror 1604 may have a second slope which is in
symmetry with the first slope. The second mirror 16056 may
be, but not limited to, a half mirror through which an outside
environment or objects, as well as an image displayed on the
display panel 110, can be viewed.

[0058] As shown in FIG. 9A, in the eyeglasses-like aug-
mented reality device, the display panel 110 and the optical
lens 180 may be almost similar in size. The present disclo-
sure permits use of an optical lens 180 smaller in size than
the display panel 110, as shown in of FIG. 9B.

[0059] As shown in FIG. 9B, if the optical lens 180 is
made smaller in size than the display panel 110, the eye-
glasses-like augmented reality device can be smaller and
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more lightweight. One advantage of this is that some
changes can be made, such as giving more comfort to the
user or increasing battery capacity.

[0060] As shown in FIG. 10, the display panel 110 used in
the eyeglasses-like augmented reality device may be imple-
mented based on, for example, organic light-emitting diodes
OLEDs that emit white light and a color filter layer CF that
filters white light into red, green, or blue. However, the
display panel 110 used in the eyeglasses-like augmented
reality device should be regarded as merely an example
because it may come in different configurations.

[0061] The present disclosure is generally directed to the
concept of focusing an image, which is light, from a top
display area TOP and bottom display arca BOT of the
display panel 110 to a middle display area MID, as a way of
miniaturizing the optical lens 180 used in the eyeglasses-like
augmented reality device. The sizes of the top display area
TOP and bottom display area BOT of the display panel 110
may vary depending on how much the optical lens 180 is
miniaturized—that is, how much the optical lens 180 is
reduced in size. Therefore, it should be noted that the sizes
and dimensions of the top display area TOP and bottom
display area BOT of the display panel 110 need not be
specified since the present teachings can be used with many
different sizes and dimensions of AR or VR devices
[0062] According to the results of the experimental
example, further steps can be taken to reduce the luminance
loss in order to make the optical lens 180 smaller and lighter,
which additional steps are described herein as part of this
disclosure.

TEST EXAMPLE

[0063] FIGS. 11 and 12 are cross-sectional views showing
primary components of a display panel in an eyeglasses-like
augmented reality device according to a test example and the
directions in which they emit light. FIGS. 13 and 14 are
views for explaining problems with the test example.
[0064] As shown in FIGS. 10, 11, and 12, the display panel
110 used in the eyeglasses-like augmented reality device
according to the test example is implemented based on
organic light-emitting diodes OLED that emit white light
and a color filter layer CF that filters white light into red,
green, or blue.

[0065] The display panel 110 has blue, green, and red
subpixels SPB, SPG, and SPR that are defined between the
lower substrate 110a and the upper substrate 1105. The blue,
green, and red subpixels SPB, SPG, and SPR each have a
transistor DR, an organic light-emitting diode OLED, as
shown in FIGS. 2, 3A and 3B and a color filter layer CF, and
the stack structure of them will be described below.

[0066] It should be noted that the transistor DR has a
number of parts that are not shown separately but, by way
of example, the transistor parts are included in the lower
substrate 110q. This is because the transistor components
vary greatly, including a gate electrode like a top-gate
electrode or bottom-gate electrode and a semiconductor
layer like CMOS, PMOS, or NMOS semiconductor, depend-
ing on the various processes that can be selected to be used
to make the display panel 110.

[0067] A first metal layer TFTC lies on the lower substrate
110a. The first metal layer TEFTC may serve as a source or
drain electrode layer of a driving transistor in the transistor
part or as a separate metal layer connected to it. The first
metal layer TFTC acts as a metal layer for electrode contact
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that facilitates an electrical connection between the source or
drain electrode of the driving transistor and a lower elec-
trode layer F1 of the organic light-emitting diode OLED.
[0068] The transistor DR includes a first insulating layer
PLL lies over the lower substrate 110a. The first insulating
layer PLL covers the first metal layer TFTC. The first
insulating layer PLL may be made of an organic material
that helps flatten the surface—for example, but not limited
to, a negative overcoat layer, polyimide, benzocyclobutene
series resin, acrylate, or photoacrylate.

[0069] A second metal layer CNT is placed to penetrate
through the first insulating layer PLL. The second metal
layer CNT is electrically connected to the first metal layer
TFTC exposed under the first insulating layer PLL. The
second metal layer CNT acts as a metal layer for electrode
contact that facilitates an electrical connection between the
source or drain electrode of the driving transistor and the
lower electrode layer E1 of the organic light-emitting diode
OLED.

[0070] A third metal layer REM lies on the first insulating
layer PLL. The third metal layer REM is electrically con-
nected to the second metal layer CNT penetrating through
the first insulating layer PLL. The third metal layer REM and
the second metal layer CN'T may be formed either as a single
layer or as separate layers as shown in the drawings. The
third metal layer REM acts as a reflective layer that helps a
light-emitting layer EL emit light from the top, and also acts
as a metal layer for electrode contact, along with the first and
second metal layers TFTC and CNT, that facilitates an
electrical connection between the source or drain electrode
of the driving transistor and the lower electrode layer E1 of
the organic light-emitting diode OLED.

[0071] A dielectric layer DIL lies over the first insulating
layer PLL. The dielectric layer DIL varies in thickness to
have a different resonance structure (microcavity) for each
subpixel. For example, the thickness of the dielectric layer
DIL may vary in order from thickest to thinnest for each of
the blue subpixel SPB (first thickness), green subpixel SPG
(second thickness), and red subpixel SPR (third thickness).
As a result, the dielectric layer DIL may have a stepped
shape in which the surface height varies for each subpixel.
However, this is merely an example, and the thickness of the
dielectric layer DIL may vary depending on the optical and
electrical properties of the subpixels, such as luminous
efficiency or lifetime.

[0072] The lower electrode layer E1 lies on the dielectric
layer DIL. The lower electrode layer E1 may be the anode
or cathode of the organic light-emitting diode OLED. The
lower electrode layer E1 is positioned differently in the blue,
green, and red subpixels SPB, SPG, and SPR. The lower
electrode layer F1 is electrically connected to the source or
drain electrode of the driving transistor in the lower sub-
strate 110a via the third metal layer REM, but that connec-
tion is not shown in these figures.

[0073] A bank layer BNK lies on the dielectric layer DIL.
The bank layer BNK divides the lower electrode layer E1 for
each subpixel and defines an opening area (light-emitting
area). To this end, the bank layer BNK covers the lower
electrode layer E1 and exposes part of it. The bank layer
BNK may be made of an organic material, but not limited to,
a negative overcoat layer, polyimide, benzocyclobutene
series resin, acrylate, or photoacrylate.

[0074] The light-emitting layer EL lies over the lower
electrode layer E1. Although the light-emitting layer EL is
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illustrated as lying over the bank layer BNK as well as over
the lower electrode layer El, it may lie over the lower
electrode layer E1 alone. The light-emitting layer EL may
emit, but not limited to, white light. The light-emitting layer
EL may have a single light-emitting layer or at least two
light-emitting layers.

[0075] An upper electrode layer E2 lies over the light-
emitting layer EL. The upper electrode layer E2 may be an
anode or cathode. The upper electrode layer E2 is formed
over the entire surface of the display area so as to fully cover
the light-emitting layer EL in the blue, green, and red
subpixels SPB, SPG, and SPR. The upper electrode layer E2
is made of a material that can emit light from the light-
emitting layer EL toward the upper substrate 1105.

[0076] The upper substrate 1105 lies over the upper elec-
trode layer E2. The upper substrate 1105 may be composed
of a single layer of an organic or inorganic material, or
multiple layers of a plurality of alternating organic and
inorganic materials.

[0077] The color filter layer CF lies on the upper substrate
110b. For example, the color filter layer CF may comprise,
but is not limited to, a blue color filter BCF, a green color
filter GCF, and a red color filter RCF. The blue color filter
BCF, the green color filter GCF, and the red color filter RCF
do not align with or exactly correspond to the blue subpixel
SPB, the green subpixel SPG, and the red subpixel SPR but
are shifted a selected distance CF SHT in the directions of
neighboring subpixels.

[0078] A resin layer RES may lie on the color filter layer
CF, and a cover substrate GLS may lie on the resin layer
RES. However, this is merely an example, but the positional
relationship may vary depending on the manufacturing
method of the display panel 110. Thus, one of these layers
may be omitted, or other layers may be added.

[0079] In the test example, the color filter layer CF, which
is one of the components included in the display panel 110,
is shifted a selected distance CF SHT to reduce the size of
the optical lens 180. Particularly, in the test example, the
blue color filter BCF, green color filter GCF, and red color
filter RCF in the top display area TOP and bottom display
area BOT of the display panel 110 are shifted a selected
distance CF SHT as follows.

[0080] For example, the blue color filter BCF is shifted a
selected distanceCF SHT in the direction of the green
subpixel SPG, the green color filter GCF is shifted a selected
distance CF SHT in the direction of the red subpixel SPR,
and the red color filter RCF is shifted a selected distance CF
SHT in the direction of the blue subpixel SPB. As a result,
the blue color filter BCF occupies part of the blue subpixel
SPB and part of the green subpixel SPG, the green color
filter GCF occupies part of the green subpixel SPG and part
of the red color filter RCF, and the red color filter RCF
occupies part of the red subpixel SPR and part of the blue
subpixel SPB. In plain terms, each color filter is positioned
to be aligned with part of a first subpixel and part of a second
subpixel.

[0081] If the color filter layer CF in the top display area
TOP of the display panel 110 is shifted in the above
direction, the color filter layer CF in the bottom display area
BOT of the display panel 110 is shifted in the opposite
direction.

[0082] In the test example, it was learned that, by shifting
a selected distance CF SHT the color filter layer CF in the
top display area TOP and bottom display area BOT of the
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display panel 110, an image, which is light, in the top display
area TOP and bottom display area BOT of the display panel
110 could be focused towards the middle display area MID.
This is because the light path changes as the color filter layer
CF in the top display area TOP and bottom display area BOT
of the display panel 110 is shifted toward the middle display
area MID.

[0083] As shown in FIGS. 13 and 14, numerous tests were
conducted based on the test example, and the results show
that, by moving the color filter layer CF about 1.6 um, the
brightness changes along with the optical axis of the organic
light-emitting diode OLED.

[0084] For instance, if the optical axis of the organic
light-emitting diode OLED is shifted about 16° from the first
optical axis Lx1, the brightness is reduced by about 11%.
Furthermore, if the optical axis of the organic light-emitting
diode OLED is shifted about 36° from the second optical
axis Lx2, the brightness is reduced by about 56%. Also, it
was revealed that, in the test example, the light emitted in a
straight line from the organic light-emitting diode OLED
was of little use but the light emitted at 16° to 36° (from a
shifted optical axis or angle) was mainly used.

[0085] Itshould be noted that, in FIGS. 13 and 14, the term
“vertical” is defined to be 0° and the term “horizontal” is
defined to be 90° to illustrate that light is emitted vertically
from the organic light-emitting diode OLED.

[0086] From the above test example, the following con-
clusion can be drawn.

[0087] If the color filter layer is shifted as in the test
example, the light emitted from the organic light-emitting
diode’s shifted optical axis (shifted angle) is mainly used.
Since the test example provides a resonance structure (mi-
crocavity) optimized for vertically-emitted light, even a
slight increase (deviation) in the angle of the emitted light
leads to a sudden change in the brightness and chromatic
characteristics of the display panel. Due to this, shifting only
the color filter layer as in the test example may cause much
loss of brightness. Therefore, it is beneficial to reduce the
brightness loss, in order to apply a display panel with a
resonance structure according to the test example to an
augmented reality device which requires high brightness.

First Exemplary Embodiment

[0088] FIGS. 15 and 16 are cross-sectional views showing
primary components of a display panel in an eyeglasses-like
augmented reality device according to a first exemplary
embodiment of the present disclosure and the directions in
which they emit light. FIGS. 17 and 18 are views for
explaining improvements according to the first exemplary
embodiment.

[0089] As shown in FIGS. 10, 15, and 16, the display
panel 110 used in the eyeglasses-like augmented reality
device according to the first exemplary embodiment is
implemented based on organic light-emitting diodes OLED
that emit white light and a color filter layer CF that filters
white light into red, green, or blue.

[0090] The display panel 110 has blue, green, and red
subpixels SPB, SPG, and SPR that are defined between the
lower substrate 110a and the upper substrate 1105. The blue,
green, and red subpixels SPB, SPG, and SPR each have a
transistor part, an organic light-emitting diode OLED, and a
color filter layer CF, and the stack structure of them will be
described below.
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[0091] Tt should be noted that the transistor part is not
shown separately but, by way of example, the transistor part
is included in the lower substrate 110a. This is because the
transistor components vary greatly, including a gate elec-
trode like a top-gate electrode or bottom-gate electrode and
a semiconductor layer like CMOS, PMOS, or NMOS semi-
conductor, mentioned with respect to FIG. 11.

[0092] A first metal layer TFTC lies on the lower substrate
110a. The first metal layer TEFTC may serve as a source or
drain electrode layer of a driving transistor in the transistor
part or as a separate metal layer connected to it. The first
metal layer TFTC acts as a metal layer for electrode contact
that facilitates an electrical connection between the source or
drain electrode of the driving transistor and a lower elec-
trode layer E1 of the organic light-emitting diode OLED.
[0093] A first insulating layer PLL lies over the lower
substrate 110a. The first insulating layer PLL covers the first
metal layer TFTC. The first insulating layer PLL may be
made of an organic material that helps flatten the surface—
for example, but not limited to, a negative overcoat layer,
polyimide, benzocyclobutene series resin, acrylate, or pho-
toacrylate.

[0094] The first insulating layer PLL has a flat, horizontal
surface on the whole but a flat, sloped surface in some parts
of the display area of the display panel 110 (or in some parts
of the lower substrate). The surface of the first insulating
layer PLL, may be sloped by photographic and etching
techniques. The first insulating layer PLL may be made thick
with a flat, horizontal upper surface, and then partially
patterned and removed so as to have a sloped surface in
some parts of the display panel 110, but not limited to it.
[0095] The first insulating layer PLL may have different
slopes for different positions in the display area of the
display panel 110, or, as stated below, it may have a specific
slope at a selected location relative to the middle display
area MID of the display panel 110. The surface of the first
insulating layer PLL may be sloped only in the top display
area TOP and bottom display area BOT of the display panel
110. That is, the first insulating layer PLL in the middle
display area MID of the display panel 110 has a flat,
horizontal surface, whereas the first insulating layer PLL in
the top display area TOP and bottom display area BOT of the
display panel 110 has a sloped surface toward the middle
display area MID. Moreover, the position and size of the
sloped surface of the first insulating layer PLL may vary
between the subpixels SPB, SPG, and SPR and also based on
the location of the pixel relative to the MID.

[0096] A second metal layer CNT is placed to penetrate
through the first insulating layer PLL. The second metal
layer CNT is electrically connected to the first metal layer
TFTC exposed under the first insulating layer PLL. The
second metal layer CNT acts as a metal layer for electrode
contact that facilitates an electrical connection between the
source or drain electrode of the driving transistor and the
lower electrode layer E1 of the organic light-emitting diode
OLED.

[0097] A third metal layer REM lies on the first insulating
layer PLL. The third metal layer REM 1is electrically con-
nected to the second metal layer CNT penetrating through
the first insulating layer PLL. The third metal layer REM and
the second metal layer CN'T may be formed either as a single
layer or as separate layers as shown in the drawings. The
third metal layer REM acts as a reflective layer that helps a
light-emitting layer EL emit light from the top, and also acts
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as a metal layer for an electrode contact, along with the first
and second metal layers TFTC and CNT, that facilitates an
electrical connection between the source or drain electrode
of the driving transistor and the lower electrode layer E1 of
the organic light-emitting diode OLED. The third metal
layer REM has a slope corresponding to the sloped surface
of the first insulating layer PLL.

[0098] A dielectric layer DIL lies over the first insulating
layer PLL. The dielectric layer DIL varies in thickness to
have a different resonance structure (microcavity) for each
subpixel. For example, the thickness of the dielectric layer
DIL may be in order from thickest to thinnest for each of the
blue subpixel SPB (first thickness), green subpixel SPG
(second thickness), and red subpixel SPR (third thickness).
As a result, the dielectric layer DIL may have a stepped
shape in which the surface height varies for each subpixel.
However, this is merely an example, and the thickness of the
dielectric layer DIL may vary depending on the optical and
electrical properties of the subpixels, such as luminous
efficiency or lifetime. The dielectric layer DIL has a slope
corresponding to the sloped surface of the first insulating
layer PLL.

[0099] The lower electrode layer E1 lies on the dielectric
layer DIL. The lower electrode layer E1 may be the anode
or cathode of the organic light-emitting diode OLED. The
lower electrode layer E1 is positioned differently in the blue,
green, and red subpixels SPB, SPG, and SPR. The lower
electrode layer F1 is electrically connected to the source or
drain electrode of the driving transistor in the lower sub-
strate 110a via the third metal layer REM. The lower
electrode layer E1 has a slope corresponding to the sloped
surface of the first insulating layer PLL.

[0100] A bank layer BNK lies on the dielectric layer DIL.
The bank layer BNK divides the lower electrode layer E1 for
each subpixel and defines an opening area (light-emitting
area). To this end, the bank layer BNK covers the lower
electrode layer E1 and exposes part of it. The bank layer
BNK may be made of an organic material, but not limited to,
a negative overcoat layer, polyimide, benzocyclobutene
series resin, acrylate, or photoacrylate. The bank layer BNK
has a slope corresponding to the sloped surface of the first
insulating layer PLL.

[0101] The light-emitting layer EL lies over the lower
electrode layer E1. Although the light-emitting layer EL is
illustrated as lying over the bank layer BNK as well as over
the lower electrode layer El, it may lie over the lower
electrode layer E1 alone. The light-emitting layer EL may
emit, but is not limited to, white light. The light-emitting
layer EL may have a single light-emitting layer or at least
two light-emitting layers. The light-emitting layer EL has a
slope corresponding to the sloped surface of the first insu-
lating layer PLL.

[0102] An upper electrode layer E2 lies over the light-
emitting layer EL. The upper electrode layer E2 may be the
anode or cathode of the organic light-emitting diode OLED.
The upper electrode layer E2 is formed over the entire
surface of the display area so as to fully cover the light-
emitting layer EL in the blue, green, and red subpixels SPB,
SPG, and SPR. The upper electrode layer E2 is made of a
material that can emit light from the light-emitting layer EL
toward the upper substrate 1105. The upper electrode layer
E2 has a slope corresponding to the sloped surface of the
first insulating layer PLL.
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[0103] The upper substrate 1105 lies over the upper elec-
trode layer E2. The upper substrate 1105 may be composed
of a single layer of an organic or inorganic material, or
multiple layers of a plurality of alternating organic and
inorganic materials. The upper substrate 1105 may have a
flat surface. The upper substrate 1105 acts to seal and protect
the elements or wires on the lower substrate 110a.

[0104] The color filter layer CF lies on the upper substrate
1105. For example, the color filter layer CF may comprise,
but not limited to, a blue color filter BCF, a green color filter
GCF, and a red color filter RCF. The blue color filter BCF,
the green color filter GCF, and the red color filter RCF do not
correspond to the blue subpixel SPB, the green subpixel
SPG, and the red subpixel SPR but are shifted a selected
distance CF SHT in the directions of neighboring subpixels.
In plain terms, each color filter is positioned to align with
part of a first subpixel and part of a second subpixel.

[0105] A resin layer RES may lie on the color filter layer
CF, and a cover substrate GLS may lie on the resin layer
RES. However, this is merely an example, but the positional
relationship may vary depending on the manufacturing
method of the display panel 110. Thus, one of these layers
may be omitted, or other layers may be added.

[0106] In the first exemplary, the color filter layer CF,
which is one of the components included in the display panel
110, is shifted a selected distance CF SHT to reduce the size
of the optical lens 180, and the surface of the first insulating
layer PLL is flattened and sloped. Particularly, in the first
exemplary embodiment, the blue color filter BCF, green
color filter GCF, and red color filter RCF in the top display
area TOP and bottom display area BOT of the display panel
110 are shifted a selected distance CF SHT as follows.

[0107] For example, the blue color filter BCF is shifted a
selected distance CF SHT in the direction of the green
subpixel SPG, the green color filter GCF is shifted a selected
distance CF SHT in the direction of the red subpixel SPR,
and the red color filter RCF is shifted a selected distance CF
SHT in the direction of the blue subpixel SPB. As a result,
the blue color filter BCF occupies part of the blue subpixel
SPB and part of the green subpixel SPG, the green color
filter GCF occupies part of the green subpixel SPG and part
of the red color filter RCF, and the red color filter RCF
occupies part of the red subpixel SPR and part of the blue
subpixel SPB. If the color filter layer CF in the top display
area TOP of the display panel 110 is shifted in the above
direction, the color filter layer CF in the bottom display area
BOT of the display panel 110 is shifted in the opposite
direction. The selected distance for the shift CF SHT might
be the same distance for each pixel and each subpixel within
a particular pixel in some embodiments and it might be a
different distance for different pixels or for particular sub-
pixels within a pixel.

[0108] Moreover, in the first exemplary embodiment, the
surface of the first insulating layer PLL is sloped so that the
organic light-emitting diode OLED underlying the shifted
(CF SHT) blue color filter BCF, green color filter GCF, and
red color filter RCF emits an image, which is light, at a
sloping angle. The angle of slope of the first insulating layer
PLL may be selected based on the materials, positions
(particularly, the distances the color filters are moved),
thicknesses, refractive indices, and transmittances of all
components positioned in the direction in which the organic
light-emitting diode OLED emits light.
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[0109] Forexample, the surface of the first insulating layer
PLL in the top display area TOP of the display panel 110 is
sloped in such a way that a first side of the organic
light-emitting diode OLED in the blue subpixel SPB has a
steeper slope than a second side, i.e., the opposite side. On
the other hand, the surface of the first insulating layer PLL
in the bottom display area BOT of the display panel 110 is
sloped in such a way that the second side of the organic
light-emitting diode OLED in the blue subpixel SPB has a
steeper slope than the first side, i.e., the opposite side. The
surface of the first insulating layer PLL in the top display
area TOP of the display panel 110 is sloped in such a way
that the first side of the organic light-emitting diode OLED
in the green subpixel SPG has a steeper slope than the
second side, i.e., the opposite side. On the other hand, the
surface of the first insulating layer PLL in the bottom display
area BOT of the display panel 110 is sloped in such a way
that the second side of the organic light-emitting diode
OLED in the green subpixel SPG has a steeper slope than the
first side, i.e., the opposite side. The surface of the first
insulating layer PLL in the top display area TOP of the
display panel 110 is sloped in such a way that the first side
of the organic light-emitting diode OLED in the red subpixel
SPR has a steeper slope than the second side, i.e., the
opposite side. On the other hand, the surface of the first
insulating layer PLL in the bottom display area BOT of the
display panel 110 is sloped in such a way that the second side
of the organic light-emitting diode OLED in the red subpixel
SPR has a steeper slope than the first side, i.e., the opposite
side. The first and second sides of the organic light-emitting
diode OLED may be defined to be on the long axis or short
axis of the subpixels SPB, SPG, and SPR, for example.

[0110] In the first exemplary embodiment, it was learned
that, by shifting (CF SHT) the color filter layer CF in the top
display area TOP and bottom display area BOT of the
display panel 110, an image which is light, in the top display
area TOP and bottom display area BOT of the display panel
110 could be focused to the middle display area MID. This
is because the light path changes as the color filter layer CF
in the top display area TOP and bottom display area BOT of
the display panel 110 is shifted toward the middle display
area MID.

[0111] Moreover, in the first exemplary embodiment, it
was learned that, by sloping the surface of the first insulating
layer PLL to allow the organic light-emitting diode OLED to
emit an image which is light, at a sloping angle, itis possible
to improve or prevent problems like abrupt changes in the
brightness and chromatic characteristics of the top display
area TOP and bottom display area BOT of the display panel
110. This is because the optical axis of the organic light-
emitting diode OLED in the top display area TOP and
bottom display area BOT of the display panel 110 is shifted
toward the shifted color filter layer CF and therefore there is
little deviation in the optimal angle of light emission for the
resonance structure (microcavity).

[0112] As shown in FIGS. 17 and 18, numerous tests were
conducted based on the first exemplary embodiment, and the
results show that, by moving the color filter layer CF about
1.6 um and giving the organic light-emitting diode OLED a
slope (r) of about 16°, most of the first optical axis Lxa and
second optical axis Lxb can be used without being shifted.
Moreover, it was learned that the structure of the first
exemplary embodiment makes use of both the light emitted
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in a straight line from the organic light-emitting diode
OLED and the light emitted at a certain angle—that is, from
0° to 20°.

[0113] As a consequence, in the first exemplary embodi-
ment, the light path is not constrained by the shifted optical
axis, unlike in the test example. Thus, the first optical axis
Lxa, which is vertical, and the second optical axis Ixb,
which is at a certain angle, are both included in the effective
brightness range of the organic light-emitting diode OLED,
and hence there is little decrease in brightness.

[0114] Therefore, in the first exemplary embodiment, the
lower part where the organic light-emitting diode OLED 1is
located is sloped at a specific angle to correspond to the
distance the color filter layer CF is moved, so as to keep the
optical axis from deviating from the preferred angle for the
resonance structure as much as possible.

[0115] Itshould be noted that, in FIGS. 17 and 18, the term
“vertical” is defined to be 0° and the term “horizontal” is
defined to be 90° to illustrate that light is emitted vertically
from the organic light-emitting diode OLED.

[0116] As above, in the first exemplary embodiment, the
light emitted from the intrinsic optical axis of organic light
emitting diode may be directly used. Moreover, in the first
exemplary embodiment, a slope is provided so as to make
use of most of the resonance structure (microcavity) opti-
mized for vertically-emitted light, and this leads to a change
in the angle of light emission, thereby preventing changes in
the brightness and chromatic characteristics of the display
panel. As a result, in the first exemplary embodiment, there
is 1o loss in the brightness of the display panel with the
resonance structure, and the display panel is readily appli-
cable to augmented reality devices which require high
brightness and other devices.

Second Exemplary Embodiment

[0117] FIGS. 19 and 20 are cross-sectional views showing
primary components of a display panel in an eyeglasses-like
augmented reality device 100 according to a second exem-
plary embodiment of the present disclosure and the direc-
tions in which they emit light.

[0118] As shown in FIGS. 10, 19, and 20, the display panel
110 used in the eyeglasses-like augmented reality device 100
according to the second exemplary embodiment is imple-
mented based on organic light-emitting diodes OLED that
emit white light and a color filter layer CF that filters white
light into red, green, or blue.

[0119] The display panel 110 has blue, green, and red
subpixels SPB, SPG, and SPR that are defined between the
lower substrate 110a and the upper substrate 1105. The blue,
green, and red subpixels SPB, SPG, and SPR each have a
transistor DR, an organic light-emitting diode OLED, see
FIGS. 2, 3A and 3B, and a color filter layer CF, and the stack
structure of them will be described below.

[0120] It should be noted that the transistor DR is not
shown separately but, by way of example, the transistor DR
is included in the lower substrate 1104. This is because the
transistor components vary greatly, a gate electrode like a
top-gate electrode or bottom-gate electrode and a semicon-
ductor layer like CMOS, PMOS, or NMOS semiconductor.
[0121] A first metal layer TFTC lies on the lower substrate
110a. The first metal layer TEFTC may serve as a source or
drain electrode layer of a driving transistor in the transistor
part or as a separate metal layer connected to it. The first
metal layer TFTC acts as a metal layer for electrode contact
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that facilitates an electrical connection between the source or
drain electrode of the driving transistor and a lower elec-
trode layer F1 of the organic light-emitting diode OLED.
[0122] A first insulating layer PLL lies over the lower
substrate 110qa. The first insulating layer PLL covers the first
metal layer TFTC. The first insulating layer PLL may be
made of an organic material that helps flatten the surface—
for example, but not limited to, a negative overcoat layer,
polyimide, benzocyclobutene series resin, acrylate, or pho-
toacrylate.

[0123] A second insulating layer SPC lies on the first
insulating layer PLL. The second insulating layer SPC is
located in the display area of the display panel 110 (or in
some parts of the lower substrate) and has a sloped surface.
The surface of the second insulating layer SPC may be
sloped by photographic and etching techniques. The second
insulating layer SPC thus formed may be located only in
some area and have a sloped surface in that area, but not
limited to it.

[0124] The second insulating layer SPC may have differ-
ent slopes for different positions in the display area of the
display panel 110, or, as below, it may have a specific slope
relative to the middle display area MID of the display panel
110. The surface of the second insulating layer SPC may be
sloped only in the top display area TOP and bottom display
area BOT of the display panel 110. That is, the second
insulating layer SPC does not exist in the middle display
area MID of the display panel 110 but the second insulating
layer SPC exists in the top display area TOP and bottom
display area BOT of the display panel 110 and has a sloped
surface toward the middle display area MID. Moreover, the
position and size of the sloped surface of the second insu-
lating layer SPC vary between the subpixels SPB, SPG, and
SPR.

[0125] A second metal layer CNT is placed to penetrate
through the first insulating layer PLL and the second insu-
lating layer SPC. The second metal layer CNT is electrically
connected to the first metal layer TFTC exposed under the
first insulating layer PLL. The second metal layer CNT acts
as a metal layer for electrode contact that facilitates an
electrical connection between the source or drain electrode
of the driving transistor and the lower electrode layer E1 of
the organic light-emitting diode OLED.

[0126] A third metal layer REM lies on the first insulating
layer PLL. The third metal layer REM is electrically con-
nected to the second metal layer CNT penetrating through
the first insulating layer PLL. The third metal layer REM and
the second metal layer CN'T may be formed either as a single
layer or as separate layers as shown in the drawings. The
third metal layer REM acts as a reflective layer that helps a
light-emitting layer EL emit light from the top, and also acts
as a metal layer for electrode contact, along with the first and
second metal layers TFTC and CNT, that facilitates an
electrical connection between the source or drain electrode
of the driving transistor and the lower electrode layer E1 of
the organic light-emitting diode OLED. The third metal
layer REM has a slope corresponding to the sloped surface
of the second insulating layer SPC.

[0127] A dielectric layer DIL lies over the first insulating
layer PLL. The dielectric layer DIL varies in thickness to
have a different resonance structure (microcavity) for each
subpixel. For example, the thickness of the dielectric layer
DIL may vary in order from thickest to thinnest for each of
the blue subpixel SPB (first thickness), green subpixel SPG
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(second thickness), and red subpixel SPR (third thickness).
As a result, the dielectric layer DIL may have a stepped
shape in which the surface height varies for each subpixel.
However, this is merely an example, and the thickness of the
dielectric layer DIL may vary depending on the optical and
electrical properties of the subpixels, such as luminous
efficiency or lifetime. The dielectric layer DIL has a slope
corresponding to the sloped surface of the second insulating
layer SPC.

[0128] The lower electrode layer E1 lies on the dielectric
layer DIL. The lower electrode layer E1 may be the anode
or cathode of the organic light-emitting diode OLED. The
lower electrode layer E1 is positioned differently in the blue,
green, and red subpixels SPB, SPG, and SPR. The lower
electrode layer E1 is electrically connected to the source or
drain electrode of the driving transistor in the lower sub-
strate 110a via the third metal layer REM. The lower
electrode layer E1 has a slope corresponding to the sloped
surface of the second insulating layer SPC.

[0129] A bank layer BNK lies on the dielectric layer DIL.
The bank layer BNK divides the lower electrode layer E1 for
each subpixel and defines an opening area (light-emitting
area). To this end, the bank layer BNK covers the lower
electrode layer E1 and exposes part of it. The bank layer
BNK may be made of an organic material, but not limited to,
a negative overcoat layer, polyimide, benzocyclobutene
series resin, acrylate, or photoacrylate. The bank layer BNK
has a slope corresponding to the sloped surface of the second
insulating layer SPC.

[0130] The light-emitting layer EL lies over the lower
electrode layer E1. Although the light-emitting layer EL is
illustrated as lying over the bank layer BNK as well as over
the lower electrode layer El, it may lie over the lower
electrode layer E1 alone. The light-emitting layer EL may
emit, but is not limited to, white light. The light-emitting
layer EL may have a single light-emitting layer or at least
two light-emitting layers. The light-emitting layer EL has a
slope corresponding to the sloped surface of the second
insulating layer SPC.

[0131] An upper electrode layer E2 lies over the light-
emitting layer EL. The upper electrode layer E2 may be an
anode or cathode. The upper electrode layer E2 is formed
over the entire surface of the display area so as to fully cover
the light-emitting layer EL in the blue, green, and red
subpixels SPB, SPG, and SPR. The upper electrode layer E2
is made of a material that can emit light from the light-
emitting layer EL toward the upper substrate 1105. The
upper electrode layer E2 has a slope corresponding to the
sloped surface of the second insulating layer SPC.

[0132] The upper substrate 1105 lies over the upper elec-
trode layer E2. The upper substrate 1105 may be composed
of a single layer of an organic or inorganic material, or
multiple layers of a plurality of alternating organic and
inorganic materials. The upper substrate 1105 may have a
flat surface. The upper substrate 1105 acts to seal and protect
the elements or wires on the lower substrate 110a.

[0133] The color filter layer CF lies on the upper substrate
110b. For example, the color filter layer CF may comprise,
but not limited to, a blue color filter BCF, a green color filter
GCF, and a red color filter RCF. The blue color filter BCF,
the green color filter GCF, and the red color filter RCF do not
correspond to the blue subpixel SPB, the green subpixel
SPG, and the red subpixel SPR but are shifted a selected
distance CF SHT in the directions of neighboring subpixels.

May 30, 2019

In plain terms, each color filter is positioned to correspond
part of a first subpixel and part of a second subpixel.
[0134] A resin layer RES may lie on the color filter layer
CF, and a cover substrate GLS may lie on the resin layer
RES. However, this is merely an example, but the positional
relationship may vary depending on the manufacturing
method of the display panel 110. Thus, one of these layers
may be omitted, or other layers may be added.

[0135] In the second exemplary, the color filter layer CF,
which is one of the components included in the display panel
110, is shifted a selected distance CF SHT to reduce the size
of the optical lens 180, and the second insulating layer SPC
with a sloped surface is formed on the first insulating layer
PLL. Particularly, in the second exemplary embodiment, the
blue color filter BCF, green color filter GCF, and red color
filter RCF in the top display area TOP and bottom display
area BOT of the display panel 110 are shifted (CF SHT) as
follows.

[0136] For example, the blue color filter BCF is shifted a
selected distance CF SHT in the direction of the green
subpixel SPG, the green color filter GCF is shifted a selected
distance CF SHT in the direction of the red subpixel SPR,
and the red color filter RCF is shifted a selected distance CF
SHT in the direction of the blue subpixel SPB. As a result,
the blue color filter BCF occupies part of the blue subpixel
SPB and part of the green subpixel SPG, the green color
filter GCF occupies part of the green subpixel SPG and part
of the red color filter RCF, and the red color filter RCF
occupies part of the red subpixel SPR and part of the blue
subpixel SPB.

[0137] Moreover, in the second exemplary embodiment,
the second insulating layer SPC with a sloped surface is
formed on the first insulating layer PLL so that the organic
light-emitting diode OLED underlying the shified a selected
distance CF SHT blue color filter BCF, green color filter
GCF, and red color filter RCF emits an image which is light,
at a sloping angle. The angle of slope of the second insu-
lating layer SPC may be optimized based on the materials,
positions (particularly, the moving distances of the color
filters), thicknesses, refractive indices, and transmittances of
all components positioned in the direction in which the
organic light-emitting diode OLED emits light.

[0138] For example, the surface of the second insulating
layer SPC in the top display area TOP of the display panel
110 is sloped in such a way that a first side of the organic
light-emitting diode OLED in the blue subpixel SPB has a
steeper slope than a second side, i.e., the opposite side. On
the other hand, the surface of the second insulating layer
SPC in the bottom display area BOT of the display panel 110
is sloped in such a way that the second side of the organic
light-emitting diode OLED in the blue subpixel SPB has a
steeper slope than the first side, i.e., the opposite side. The
surface of the second insulating layer SPC in the top display
area TOP of the display panel 110 is sloped in such a way
that the first side of the organic light-emitting diode OLED
in the green subpixel SPG has a steeper slope than the
second side, i.e., the opposite side. On the other hand, the
surface of the second insulating layer SPC in the bottom
display area BOT of the display panel 110 is sloped in such
away that the second side of the organic light-emitting diode
OLED in the green subpixel SPG has a steeper slope than the
first side, i.e., the opposite side. The surface of the second
insulating layer SPC in the top display area TOP of the
display panel 110 is sloped in such a way that the first side
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of the organic light-emitting diode OLED in the red subpixel
SPR has a steeper slope than the second side, i.e., the
opposite side. On the other hand, the surface of the second
insulating layer SPC in the bottom display area BOT of the
display panel 110 is sloped in such a way that the second side
of the organic light-emitting diode OLED in the red subpixel
SPR has a steeper slope than the first side, i.e., the opposite
side. The first and second sides of the organic light-emitting
diode OLED may be defined to be on the long axis or short
axis of the subpixels SPB, SPG, and SPR, for example.
[0139] In the second exemplary embodiment, it was
learned that, by shifting a selected distance CF SHT the
color filter layer CF in the top display area TOP and bottom
display area BOT of the display panel 110, an image which
is light, in the top display area TOP and bottom display area
BOT of the display panel 110 could be focused to the middle
display area MID. This is because the light path changes as
the color filter layer CF in the top display area TOP and
bottom display area BOT of the display panel 110 is shifted
toward the middle display area MID.

[0140] Moreover, in the second exemplary embodiment, it
was learned that, by forming the second insulating layer SPC
with a sloping surface on the first insulating layer PLL to
allow the organic light-emitting diode OLED to emit an
image which is light, at a sloping angle, it is possible to
improve or prevent problems like abrupt changes in the
brightness and chromatic characteristics of the top display
area TOP and bottom display area BOT of the display panel
110. This is because the optical axis of the organic light-
emitting diode OLED in the top display area TOP and
bottom display area BOT of the display panel 110 is shifted
toward the shifted color filter layer CF and therefore there is
little deviation in the optimal angle of light emission for the
resonance structure (microcavity).

[0141] It was learned that the structure of the second
exemplary embodiment, like the first exemplary embodi-
ment, makes use of both the light emitted in a straight line
from the organic light-emitting diode OLED and the light
emitted at a certain angle—that is, from 0° to 20°.

[0142] As a consequence, in the second exemplary
embodiment, the light path is not constrained by the shifted
optical axis, unlike in the first exemplary embodiment.
Hence, there is little decrease in brightness. Therefore, in the
second exemplary embodiment, the lower part where the
organic light-emitting diode OLED is located is sloped at a
specific angle to correspond to the distance the color filter
layer CF is moved, so as to keep the optical axis from
deviating from the optimal angle for the resonance structure
as much as possible.

[0143] As above, in the second exemplary embodiment,
the light emitted from the intrinsic optical axis of organic
light emitting diode may be directly used. Moreover, in the
second exemplary embodiment, a slope is provided so as to
make use of most of the resonance structure (microcavity)
optimized for vertically-emitted light, and this leads to a
change in the angle of light emission, thereby preventing
changes in the brightness and chromatic characteristics of
the display panel. As a result, in the second exemplary
embodiment, there is no loss in the brightness of the display
panel with the resonance structure, and the display panel is
readily applicable to augmented reality devices which
require high brightness and other devices.

[0144] FIG. 21 is a view of a color filter layer and an
insulating layer that are included in an optical lens and
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display panel made based on the first and second exemplary
embodiments of the present disclosure. However, to help
clear understanding of parts of the display panel where
substantial structural changes are made. FIG. 21 depicts the
color filter layer and insulating layer in the top display area
and the color filter layer and insulating layer in the bottom
display area but not the color filter layer and insulating layer
in the middle display area.

[0145] As shown in FIG. 21, the display panel 110 has a
top display area TOP, a middle display area MID, and a
bottom display area BOT. FIG. 21 shows the TOP on the left
side and the bottom on the right side merely for convenience
in the Figure, but the Figure can be oriented with the TOP
at the upper side the BOT at the lower side. Also, the optical
lens 180 has a top transmission area TT, a middle transmis-
sion area MT, and a bottom transmission area BT. Described
below are changes that can be made, especially on the color
filter layer CF and insulating layer PLL, to implement the
first and second exemplary embodiments.

[0146] The color filter layer CF in the top display area
TOP of the display panel 110 may be shifted to the right in
the figure so as to be directed toward the middle display area
MID. The surface of the insulating layer PLL in the top
display area TOP of the display panel 110 may be sloped
down to the right in the figure so as to be directed toward the
middle display area MID, to correspond to the shift of the
color filter layer CF.

[0147] The color filter layer CF in the bottom display area
TOP of the display panel 110 may be shifted to the left in the
figure so as to be directed toward the middle display area
MID. The surface of the insulating layer PLL in the bottom
display area BOT of the display panel 110 may be sloped
down to the left in the figure so as to be directed toward the
middle display area MID, to correspond to the shift of the
color filter layer CF.

[0148] For ease of illustration in the various Figures, only
one TOP pixel having three subpixels and only one BOT
pixel having three subpixels is shown, but in the display
panel 110, there will be a large number of top pixels and a
large number of bottom pixels. The amount of the angle r
that each particular pixel and subpixel is sloped will be
based on its distance from the MID and it might vary from
one pixel to another. The pixels farther from the MID may
be tilted at a greater angle r to achieve a larger desired slope
in some embodiments. The insulating layer that has the
sloped upper surface, whether PLL, SPC or some other layer
that creates the slope, will have a different slope for different
relative positions of the pixel and the subpixel within each
pixel in some embodiments.

[0149] As above, the present disclosure offers the advan-
tage of preventing or improving problems like abrupt
changes in the brightness and chromatic characteristics of
the display panel, since most of the light emitted from the
intrinsic optical axis of organic light emitting diode is used
even if the optical lens is miniaturized. Another advantage of
the present disclosure is that the optical axis can be shifted
to prevent brightness loss when the display panel with a
resonance structure is applied to specific devices. A still
another advantage of the present disclosure is to provide a
self-emissive display device that is suitable for miniaturizing
the optical lens when making an eyeglasses-like augmented
reality device.

[0150] The various embodiments described above can be
combined to provide further embodiments. All of the U.S.
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patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and
non-patent publications referred to in this specification and/
or listed in the Application Data Sheet are incorporated
herein by reference, in their entirety. Aspects of the embodi-
ments can be modified, if necessary to employ concepts of
the various patents, applications and publications to provide
yet further embodiments.

[0151] These and other changes can be made to the
embodiments in light of the above-detailed description. In
general, in the following claims, the terms used should not
be construed to limit the claims to the specific embodiments
disclosed in the specification and the claims, but should be
construed to include all possible embodiments along with
the full scope of equivalents to which such claims are
entitled. Accordingly, the claims are not limited by the
disclosure.

1. A display device comprising:
a display panel having a lower substrate, an upper sub-
strate and a display area;,
an insulating layer that lies over the lower substrate
a first sloped upper surface of the insulating layer posi-
tioned in a first location in the display area;
a second sloped upper surface of the insulating layer
positioned in a second location in the display area, the
second slope having a different angle than the first
slope; and
an organic light-emitting diodes on the insulating layer at
the first and second locations.
2. The display device of claim 1, wherein the organic
light-emitting diodes have a slope corresponding to the
sloped surface of the insulating layer on which they are
located.
3. A display device comprising:
a display panel having a lower substrate, an upper sub-
strate, and a plurality of subpixels located between the
lower and upper substrates; and
a color filter layer overlying the upper substrate, the color
filter layer having a plurality of color filters and each
color filter is positioned to aligned with a part of a first
subpixel and part of a second subpixel,
wherein the display panel comprises:
an insulating layer on the lower substrate, the insulating
layer having a sloped surface at selected locations in
a display area of the display panel; and

organic light-emitting diodes that lie on the insulating
layer and are positioned to correspond to the plural-
ity of subpixels.

4. The display device of claim 3, wherein the surface of
the insulating layer is flat in a middle display area of the
display panel and sloped toward the middle display area in
respective top and bottom display areas relative to the
middle display area of the display panel.

5. The display device of claim 3, wherein the insulating
layer comprises:

a first insulating layer that lies over the lower substrate

and has a flat surface; and

a second insulating layer that lies over the first insulating
layer, the second insulating layer having the sloped
surface.

6. The display device of claim 3, further comprising a

dielectric layer located between the insulating layer and the
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organic light-emitting diodes, the dielectric layer having a
first height at a first location and a second height at a second
location.

7. The display device of claim 6, wherein the dielectric
layer has a slope corresponding to the sloped surface of the
insulating layer at the location on which it is positioned.

8. The display device of claim 3, further comprising a
reflective layer located between the insulating layer and the
organic light-emitting diodes,

wherein the reflective layer has a slope corresponding to
the sloped surface of the insulating layer at the location
on which it is positioned.

9. An augmented reality viewing device comprising:

a display panel that displays an image:

an optical lens that is positioned on the front of the display
panel; and

a housing that contains the display panel and the optical
lens,

wherein the display panel comprises:

a lower substrate;

an upper substrate;

a plurality of subpixels located between the lower and
upper substrates;

an insulating layer on the lower substrate, the insulating
layer having a sloped surface at selected locations in
the display area; and
organic light-emitting diodes that lie on the insulating

layer and are positioned to correspond to the plural-
ity of subpixels.

10. The augmented reality viewing device of claim 9,
wherein the insulating layer has a flat surface in a middle
display area of the display panel, and has the sloped surface
in a top display area and a bottom display area relative to the
middle display area of the display panel, the sloped of the
surface being directed toward the middle display area.

11. The augmented reality viewing device of claim 9,
wherein the insulating layer comprises:

a first insulating layer that lies over the lower substrate

and has a flat surface; and

a second insulating layer that lies over the first insulating
layer and has the sloped surface.

12. The augmented reality viewing device of claim 9,
further comprising a dielectric layer located between the
insulating layer and the organic light-emitting diodes, the
dielectric layer having a first height at a first location and a
second height at a second location.

13. The augmented reality viewing device of claim 10,
further including:

a color filter layer positioned in at least one of the top
display area, the bottom display area, and the middle
display area, the relative location of the color filter
being different in the top display area than in the middle
display area.

14. The augmented reality viewing device of claim 13,
wherein the color filter layer in the top display area is shifted
to have a light path toward the middle display area.

15. The augmented reality viewing device of claim 9,
wherein the display panel has an optical axis that runs
straight in the middle display area and is sloped toward the
middle display area in top and bottom display areas.

16. A display device comprising:

a display panel having a lower substrate, an upper sub-

strate, and a plurality of subpixels located between the
lower and upper substrates;
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pixel positioned overlying the lower substrate, the pixel
having a red subpixel, a green subpixel and a blue
subpixel, each of which emit light;

organic light-emitting diodes that lie on a first insulating

layer and positioned to correspond to the each of the
respective subpixels; and

a color filter layer overlying the upper substrate, the color

filter layer having a red color filtet, a green color filter
and a blue color filter, wherein each of the color filters
is positioned to align with part of the respective red,
green and blue subpixel that is of the same color as the
filter and to align with part of the subpixel that is
adjacent to the subpixel that is a different color.

17. The display device of claim 16 wherein the first
insulating layer has a sloped surface at selected locations.

18. The display device of claim 17 wherein the angle of
the sloped varies based on the relative location of the pixel
with respect to a middle region of the display panel.

19. The display device of claim 16 further including a
second insulating layer overlying the first insulating layer
sloped each of the subpixels, the second insulating layer
being positioned between an anode of the OLED and a
transistor driving the OLED.

20. The display device of claim 19 wherein the second
insulating layer has first thickness for a first subpixel within
the pixel and a second, different thickness for a second
subpixel with the the pixel and a third, different thickness for
a third subpixel within the pixel
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