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(57) ABSTRACT

A flexible display panel and a method of manufacturing the
same. The flexible display panel includes: a flexible panel
including a display region and a non-display region, wherein
the display region includes an organic light emitting device; a
planarization layer disposed on the flexible panel; and a
metal-dielectric layer disposed on the planarization layer and
including a metal layer and a dielectric layer.

114a 114b
N ‘ \, N
AT AN, L7707 HHITITHII S5 A1 AT IHT9
! SONSAANANANMANNNA N SONNANAN SN MANNANAN AN AN q
iz i izl iz izl izl gl iz
VR S s
S S S /S A-113
/ s S /
NONR ~ N o SN
NN ..‘.‘.‘.‘.:‘.sz( N 7 121
@ud PN 1<
y =il s
)y k[ AL PGSR 112
—ri m’lﬂ \I/I Al Ay V/IA&\\\IA
LAY /V 111

/
,/ 121 122 123
TFTH 120



Patent Application Publication  Dec. 25,2014 Sheet 1 of 5 US 2014/0374704 A1

FIG. 1




Patent Application Publication  Dec. 25,2014 Sheet 2 of 5 US 2014/0374704 A1

FIG. 2




Patent Application Publication  Dec. 25,2014 Sheet 3 of 5 US 2014/0374704 A1

FIG. 3
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FLEXIBLE DISPLAY PANEL AND METHOD
OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2013-0073315, filed on
Jun. 25, 2013, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments of the present invention
relate to a flexible display panel and a method of manufac-
turing the same.

[0004] 2. Discussion of the Background

[0005] Display apparatuses display an image according to
an image signal. Examples of display apparatuses include
televisions, computer monitors, personal digital assistants
(PDAs), and smart devices which are tremendously increas-
ing in demand.

[0006] Recently, display apparatuses are increasingly
being replaced by flat panel display apparatuses that are thin
and portable. Flat panel organic or inorganic light emitting
display apparatuses that are self-emissive have wide viewing
angles, excellent contrast, and quick response speeds, and
thus are receiving attentions as next generation display appa-
ratuses. Also, the organic light emitting display apparatuses
whose emission layer is formed of an organic material have
excellent luminance, driving voltages, and response speeds,
as compared to inorganic light emitting display apparatuses,
and are capable of realizing a color image. Recently. flexible
display apparatuses that include a flexible member to the
organic light emitting display apparatuses are being studied.
[0007] One of the packaging technologies for protecting
light emitting devices of such flexible display apparatuses is
thin film encapsulation. According to thin film encapsulation
technology, a display region of a substrate is encapsulated by
a thin film encapsulation layer by alternatively stacking an
inorganic film and an organic film at least on light emitting
devices.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY

[0009] Exemplary embodiments of the present invention
provide a flexible display panel having improved bending
characteristics that are obtained by decreasing a thickness of
the entire display panel.

[0010] Exemplary embodiments of the present invention
also provide a flexible display panel having an improved
visibility.

[0011] Additional features of the invention will be set forth
in the description which follows, and in part will become
apparent from the description, or may be learned from prac-
tice of the invention.

[0012] An exemplary embodiment of the present invention
discloses a flexible display panel including: a flexible panel
including a display region and a non-display region, wherein
the display region includes an organic light emitting device; a

Dec. 25,2014

planarization layer disposed on the flexible panel; and a
metal-dielectric layer disposed on the planarization layer, the
metal-dielectric layer including a metal layer and a dielectric
layer.

[0013] An exemplary embodiment of the present invention
also discloses a method of manufacturing a flexible display
panel, the method including: forming a thin film transistor
comprising an active layer, a gate electrode, a source elec-
trode and a drain electrode, on a substrate; forming an organic
light emitting device including a first electrode, a second
electrode facing the first electrode, and an organic emission
layer formed between the first and second electrodes accord-
ing to anopening of a pixel defining layer; and forming, on the
organic light emitting device, an anti-reflection layer includ-
ing a planarization layer, metal layer, and a dielectric layer.
[0014] An exemplary embodiment of the present invention
also discloses a flexible display panel including: a flexible
panel comprising an organic light emitting device disposed
on a substrate; and a polarizable anti-reflection layer formed
on the flexible panel, wherein the anti-reflection layer is
formed by alternately stacking a metal layer and a dielectric
layer.

[0015] Itisto beunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate exemplary embodiments of the invention, and
together with the description serve to explain the principles of
the invention.

[0017] FIG. 1 is a diagram schematically illustrating a
cross-section of a conventional flexible display panel in bent
and unbent states.

[0018] FIG. 2 is a plan view schematically illustrating a
flexible display panel according to an exemplary embodiment
of the present invention.

[0019] FIG. 3 is a diagram schematically illustrating a
cross-section of the flexible display panel of F1G. 2.

[0020] FIG. 4 is a diagram schematically illustrating a
cross-section of a display region of the flexible display panel
of FIG. 2.

[0021] FIG. 5 is a diagram schematically illustrating a
cross-section of a display region of a flexible display panel
according to another exemplary embodiment of the present
invention.

[0022] FIG. 6 is a diagram of a metal pattern layer accord-
ing to an exemplary embodiment of the present invention.
[0023] FIG. 7 is a diagram schematically illustrating a
cross-section of a display region of a flexible display panel
according to another exemplary embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0024] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. This
invention may, however, be embodied in many different
forms and should not be construed as limited to the exemplary
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embodiments set forth herein. Rather, these exemplary
embodiments are provided so that this disclosure is thorough,
and will fully convey the scope of the invention to those
skilled in the art. In the drawings, the size and relative sizes of
elements may be exaggerated for clarity. Like reference
numerals in the drawings denote like elements.

[0025] It is to be understood that the various exemplary
embodiments of the invention, although different, are not
necessarily mutually exclusive. For example, a particular fea-
ture, structure, or characteristic described herein, in connec-
tion with one exemplary embodiment, may be implemented
within other exemplary embodiments without departing from
the spirit and scope of the invention. In addition, it is to be
understood that a location or arrangement of individual ele-
ments within each disclosed exemplary embodiment may be
modified without departing from the spirit and scope of the
invention. The following detailed description is, therefore,
notto be taken in a limiting sense, and the scope of the present
invention is defined only by the appended claims, appropri-
ately interpreted, along with the full range of equivalents to
which the claims are entitled.

[0026] The use of the terms “a” and “an” and “the” and
similar referents in the context of describing the invention
(especially in the context of the following claims) are to be
construed to cover both the singular and the plural. Further-
more, recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individu-
ally to each separate value falling within the range, unless
otherwise indicated herein, and each separate value is incor-
porated into the specification as if it were individually recited
herein. Finally, the steps of all methods described herein can
be performed in any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use
of any and all examples, or exemplary language (e.g., “such
as”) provided herein, is intended merely to better illuminate
the invention and does not pose a limitation on the scope of
the invention unless otherwise claimed.

[0027] It will be understood that when an element or layer
is referred to as being “on” or “connected to” another element
or layer, it can be directly on or directly connected to the other
element or layer, or intervening elements or layers may be
present. In contrast, when an element or layer is referred to as
being “directly on” or “directly connected to” another ele-
ment or layer, there are no intervening elements or layers
present. It will be understood that for the purposes of this
disclosure, “at least one of X, Y, and Z” can be construed as X
only, Y only, Z only, or any combination of two or more items
X,Y,and Z (e.g., XYZ, XYY, YZ, 77).

[0028] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
[0029] FIG. 1 is diagrams schematically illustrating a
cross-section of a conventional flexible display panel in bent
and un-bent states.

[0030] Referring to FIG. 1, the conventional flexible dis-
play panel includes an organic emission layer 16, a thin film
encapsulation layer 12, a polarizer 13, a touch screen panel
14, and a window layer 15 on a flexible substrate 11. Fach
layer in the conventional flexible display panel may be
formed of a flexible material.

[0031] Theorganic emission layer 16 may include a plural-
ity of thin film transistors and a plurality of light emitting
devices. The thin film encapsulation layer 12 is disposed on
the organic emission layer 16 to encapsulate the organic emis-
sion layer 16. The thin film encapsulation layer 12 may have
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a stacked structure in which an organic film and an inorganic
film are repeatedly stacked on each other, and may prevent
external moisture from penetrating into the organic emission
layer 16. A display apparatus may be made thinner by using
the thin film encapsulation layer 12 to protect the organic
emission layer 16, instead of a general encapsulation sub-
strate.

[0032] The polarizer 13 is disposed on the thin film encap-
sulation layer 12. The polarizer 13 may prevent scattering or
interference and improve a color sense by improving linearity
of light emitted from the organic emission layer 16. Also, the
polarizer 13 selects and transmits external light, and prevents
reflection of external light to improve image visibility of the
display apparatus.

[0033] The touch screen panel 14 and the window layer 15
are disposed on the thin film encapsulation layer 12. The
touch screen panel 14 detects a touch of a user and converts
the touch to an electric signal, and the window layer 15
operates as an outermost barrier for the conventional flexible
display panel to directly contact an external environment.

[0034] In summary, the conventional flexible display panel
of FIG. 1 includes the thin film encapsulation layer 12 for
protecting the organic emission layer 16, as well as the
organic emission layer 16 emitting a light required to display
an image. Films, such as the polarizer 13, the touch screen
panel 14, and the window layer 15 are attached to the thin film
encapsulation layer 12. Here, a thickness of the film (the
polarizer 13, the touch screen panel 14, and the window layer
15) accounts for most of the thickness of the general flexible
display panel. In particular, since the polarizer 13 includes a
hard, thick polycarbonate (PC) film, the polarizer 13 is not
suitable for a flexible display panel.

[0035] The lower portion of FIG. 1 shows layers that are
transformed when the conventional flexible display panel is
bent. As described above, the thickness of the film (the polar-
izer 13, the touch screen panel 14, and the window layer 15)
accounts for most of the thickness of the general flexible
display panel and, thus, the thickness of the film is a factor
that determines how much the conventional flexible display
panel may bend. In other words, when a bendable center angle
is 0 and the conventional flexible display panel is bent accord-
ing to thicknesses, a tension applied to the window layer 15 at
the top of the general flexible display panel is proportional to
R8. A tension applied to the flexible substrate 11 at the bottom
of the general flexible display panel is proportional to rf.
Thus, a difference between the tensions increases as (R-r) is
increased, thereby reducing the durability of the conventional
flexible display panel. Also, when r is a fixed value, the
bendable center angle 0 is increased when R is decreased.
Accordingly, there is a need to reduce a thickness of a flexible
display panel.

[0036] FIG. 2 is a plan view schematically illustrating a
flexible display panel 100 according to an exemplary embodi-
ment of the present invention.

[0037] Referring to FIG. 2, the flexible display panel 100
includes a display region D and a non-display region N dis-
posed outside the display region D. An image signal is dis-
played in the display region D, which may include any one of
various display devices, such as an organic light emitting
device, a liquid crystal display device, and an electrophoresis
device. The display region D will be described in detail later.
Also, the flexible display panel 100 may be either an active
matrix (AM) type or a passive matrix (PM) type.
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[0038] The non-display region N may include various cir-
cuits (not shown) and wirings (not shown) so as to supply an
image signal to a display device disposed in the display region
D.

[0039] Referring to FIG. 2, an electrode power supply line
131 for supplying power to a second electrode 123 (to be
described later), and a terminal unit 132 of the electrode
power supply line 131 are disposed in the non-display region
N. A scanning circuit 133 for transferring a driving signal to
the display region D, and a terminal unit 134 of the scanning
circuit 133, are disposed in the non-display region N. A data
circuit unit 135 for transferring a data signal to the display
region D, and a terminal unit 136 of the data circuit unit 135
are also disposed in the non-display region N. In addition, a
driving power wire unit 137 for supplying driving power to
the display region D, and a terminal unit 138 of the driving
power wire unit 137 are disposed in the non-display region N.
A pad unit P, in which the terminal units 132, 134, 136, and
138 are disposed, is disposed in the non-display region N.
[0040] The various circuits, wires, and terminal units
shown in FIG. 2 are only examples for forming the non-
display region N, and other arrangements of parts may also be
utilized.

[0041] FIG. 3 is a diagram schematically illustrating a
cross-sectional view taken along a line A-B of FIG. 2, and
components that are not directly related to an exemplary
embodiment of the present invention may be briefly illus-
trated or omitted.

[0042] The flexible display panel 100 includes a flexible
substrate 111, a barrier film 112 disposed on the flexible
substrate 111, the display region D and the non-display region
N disposed on the barrier film 112, an anti-reflection layer
115 including a planarization layer 113 and a metal-dielectric
layer 114, a touch screen panel 116, and a window layer 117.
[0043] The flexible substrate 111 may be formed of plastic
having excellent thermal resistance and durability, such as
polyethylene etherphthalate, polyethylene naphthalate, poly-
carbonate, polyarylate, polyetherimide, polyethersulfone,
and polyimide. However, the material of the flexible substrate
111 is not limited thereto and may be any suitable flexible
material.

[0044] Thebarrier film 112 may be disposed on the flexible
substrate 111. The barrier film 112 may be formed of at least
one of an inorganic film and an organic film. The barrier film
112 prevents undesirable contaminants from penetrating into
the display region D through the flexible substrate 111.
[0045] The display region D and the non-display region N
disposed outside the display region D may be disposed on the
barrier film 112. As described above, an image signal is
supplied to the display region D, and any one of various
display devices (not shown), such as an organic light emitting
device, a liquid crystal display device, and an electrophoretic
device, may be disposed in the display region D to display the
image signal. In the current exemplary embodiment shown in
FIG. 4, an organic light emitting device 120 is used as an
example. Also, various devices, such as a thin film transistor
(not shown) and a capacitor (not shown), for driving the
display device may be further disposed in the display region
D.

[0046] At least one organic light emitting device 120 is
disposed in the display region D, as shown in FIG. 4. The
organic light emitting device 120 includes a first electrode
layer 121, a second electrode layer 123 that is a common
electrode layer, and an organic emission layer 122 disposed
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between the first electrode layer 121 and the second electrode
layer 123. The first electrode layer 121 is electrically con-
nected to thin film transistors TFT1, TFT2, and TFT3 formed
on the flexible substrate 111. Although not shown in FIGS. 3
and 4, the organic light emitting device 120 emits a light from
the display region D by being electrically connected to at least
one switching thin film transistor and a storage capacitor.
[0047] The light emitted from the organic emission layer
122 may be emitted towards the flexible substrate 111 or
towards the planarization layer 113. In the current exemplary
embodiment a top emission type display device, in which an
image is realized towards the planarization layer 113, is
described as an example. Alternatively, a bottom emission
type display device, wherein an image is realized towards the
flexible substrate 111, may be used.

[0048] As described above, various circuit units (not
shown) and wires (not shown) for supplying an image signal
to the display device in the display region D may be disposed
in the non-display region N. Although heights of the display
region D and non-display region N are shown to be the same
in FIG. 3, the heights may differ according to devices forming
the display region D and the non-display region N.

[0049] The planarization layer 113 encapsulating at least
the display region D may be disposed on the display region D
and the non-display region N. The planarization layer 113 is
a layer that flattens an upper surface by filling in above the
upper surfaces of lower devices, and may be formed of a
plurality of inorganic insulating films or have a structure
including a mixture of an inorganic insulating film and an
organic insulating film.

[0050] In detail, the planarization layer 113 may include at
least one material selected from an epoxy-based resin, an
acryl-based resin, an perylene-based resin, and a polyimide
resin. Alternatively, the planarization layer 113 may include
at least one material selected from among Si0,, TiO,, ZrO,,
Ta,0s, HO,, Al,O;, Zn0, Y,0;, BeO, MgO, Pbo,, WO,,
VOX, SiNx, AINx, ZnS, CdS, SiC, SiCN, LiF, CaF,, Mgl',,
NaF, BaF,, PbF,, LaF,, and GaP.

[0051] The metal-dielectric layer 114 is formed on the pla-
narization layer 113. The metal-dielectric layer 114 may have
a structure in which metal layers 114a and dielectric layers
1145 are alternately stacked on each other, as shown in FIG.
3. The metal layer 114a and the dielectric layer 1144 each
have a thickness of from several nm to dozens of nm. In FIG.
3, two metal layers 114a and two dielectric layers 1145 are
stacked on each other, but the numbers of the metal layers
114a and dielectric layers 1145 are not limited thereto.
[0052] Themetal layer 114a may include at least one metal
selected from among Al, Ag, Mg, Cr, Ti, Ni, Au, Ta, Cu, Ca,
Co, Fe, Mo, W, Pt, and Yb, or a combination thereof. The
dielectric layer 1145 may include at least one dielectric mate-
rial selected from among Si0,, TiO,, ZrO,, Ta,05, HfO,,
ALO,, 7n0, Y,0,, BeO, MgO, Pbo,, WO,, VOX, SiNx,
AINx, ZnS, CdS, SiC, SiCN, LiF, CaF,, MgF,, NaF, BaF,,
PbF,, LaF,, and GaP, or acombination thereof. Alternatively,
the dielectric layer 1145 may include at least one material
selected from the group consisting of epoxy-based resin,
acryl-based resin, perylene-based resin, and polyimide resin,
or an organic material having a dielectric characteristic.
[0053] In FIG. 3, the metal-dielectric layer 114 has a con-
stant thickness because the metal layer 1144 and the dielectric
layer 1145 are alternately stacked on each other, but alterna-
tively, the metal layer 114q and the dielectric layer 1145 may
be partially formed, or another material may be added.
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[0054] Theanti-reflectionlayer 115 includes the planariza-
tion layer 113 and the metal-dielectric layer 114. The anti-
reflection layer 115 may replace the thin film encapsulation
layer 12 and the polarizer 13 in the conventional flexible
display panel shown in FIG. 1. As described above, by remov-
ing the polarizer that has the greatest thickness, and forming
the anti-reflection layer 115 operating as the thin film encap-
sulation layer 12 and the polarizer 13, an overall thickness of
the flexible display panel 100 may be reduced.

[0055] Inother words, when the anti-reflection layer 115, in
which the metal layer 1144 and the dielectric layer 1145 are
alternately stacked, is applied, the polarizer 13 may be
removed, thereby increasing flexibility by reducing the thick-
ness of the flexible display panel 100 by at least 100 um. The
anti-reflection layer 115 may also have characteristics of the
polarizer 13 by using the metal layer 114a and characteristics
of a barrier by using the dielectric layer 1145.

[0056] The touch screen panel 116 is disposed on the anti-
reflection layer 115. The touch screen panel 116 may use
capacitance as a way of detecting the touch of a usert. The
touch screen panel 116 includes detection patterns (not
shown) and metal wires (not shown), in which capacitance
changes of the detection patterns are transmitted to an inte-
grated circuit through the metal wires. According to an exem-
plary embodiment, the touch screen panel 116 may not be
formed on a separate substrate but may be integrally formed
on the flexible substrate 111, thereby decreasing the entire
thickness of the flexible display panel 100.

[0057] The window layer 117 is disposed on the touch
screen panel 116. The window layer 117 may be a contact
region for a finger or an object.

[0058] FIG. 4 is a diagram schematically illustrating the
display region D in the cross-section of the flexible display
panel 100, according to an exemplary embodiment of the
present invention.

[0059] A manufacturing process of the display region D,
and the anti-reflection layer 115 will now be briefly described
with reference to FIG. 4.

[0060] First, the flexible substrate 111 may be formed of a
flexible material described above. Then, the barrier film 112 is
formed on an entire top surface of the flexible substrate 111.
[0061] The thin film transistors TE'T1, TFT2, and TFT3 are
formed on the barrier film 112. At least one of the thin film
transistors TFT1, TFT2, and TFT3 is formed to correspond to
a sub-pixel, and is electrically connected to the organic light
emitting device 120.

[0062] In more detail, a semiconductor layer having a pat-
tern is formed on the barrier film 112. The semiconductor
layer may be formed of an inorganic semiconductor, such as
amorphous silicon or polysilicon, or an organic semiconduc-
tor, and may include a source region, a drain region, and a
channel region.

[0063] A gate insulating film formed of SiO, or SiN, is
formed on the semiconductor layer, and a gate electrode is
formed in a region on the gate insulating film. The gate
electrode may be connected to a gate line applying an on/off
signal to a thin film transistor.

[0064] An interlayer insulating film is formed on the gate
electrode, and a source electrode and a drain electrode are
formed to respectively contact the source and drain regions of
the semiconductor layer through a contact hole. The thin film
transistors TFT1, TFT2, and TFT3 may be covered and pro-
tected by a passivation film 125.
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[0065] The passivation film 125 may be an inorganic insu-
lating film and/or organic insulating film. The inorganic insu-
lating film may include SiO,, SiN_, SiON, Al,0,, TiO,,
Ta, 0, HIO,, ZrO,, BST, or PZT, and the organic insulating
film may include a general purpose polymer (PMMA or PS),
a polymer derivative having a phenol-based group, an acryl-
based polymer, an imide-based polymer, an arylether-based
polymer, an amide-based polymer, a fluorine-based polymer,
a p-xylene-based polymer, a vinylalcohol-based polymer, or
a blend thereof. Alternatively, the passivation film 125 may
have a complex stacked structure of the inorganic insulating
film and the organic insulating film.

[0066] In the current exemplary embodiment, the thin film
transistors TFT1, TFT2, and TFT3 may be a top gate type, but
the shapes and numbers of thin film transistors are not limited
and may vary.

[0067] The organic light emitting device 120 is formed on
the passivation film 125. The organic light emitting device
120 includes a first electrode layer 121 and a second electrode
layer 123, which face each other, and the organic emission
layer 122 disposed therebetweer.

[0068] Inthe current exemplary embodiment, the first elec-
trode layer 121 of the flexible display panel 100 that is a top
emission type may include a reflection film formed of Ag,
Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or a compound thereof, and
atransparent film formed of 1TO, IZO, ZnO, or In,O, thathas
a high work function. When the first electrode layer 121 is a
passive driving type, the first electrode layer 121 may include
lines having a stripe shape that are spaced apart from each
other at preset intervals, but when the first electrode layer 121
is an active driving type, as in the current exemplary embodi-
ment, the first electrode layer 121 may be patterned in the
shape of each pixel. Also, the first electrode layer 121 may be
connected to an external terminal (not shown) to function as
an anode.

[0069] A pixel defining layer (PDL) 124 that is an insulat-
ing material may be formed on the first electrode layer 121.
An opening is formed on the PDL 124, and the organic emis-
sion layer 122 of the organic light emitting device 120, to be
described later, is formed in a region defined by the opening.
[0070] The second electrode layer 123 may be a transmis-
sive electrode, and may have a semi-transmissive film formed
by thinly forming a metal, such as L1, Ca, LiF/Ca, LiF/Al, Al,
Mg, or Ag, having a low work function. Here, a transparent
conductive film may be formed by using ITO, [Z0, ZnO, or
In,0;, on the metal semi-transmissive film so as to prevent
high resistance caused by a thin thickness of the metal semi-
transmissive film. When the second electrode layer 123 is a
passive driving type, the second electrode layer 123 may have
a stripe shape crossing the pattern of the first electrode layer
121, but when the second electrode layer 123 is an active
driving type, as in the current exemplary embodiment, the
second electrode layer 123 may be formed throughout an
active region where an image is realized. Also, the second
electrode layer 123 may be connected to an external terminal
(not shown) to function as a cathode.

[0071] Polarities of the first electrode layer 121 and the
second electrode layer 123 may be switched.

[0072] The organic emission layer 122 may be formed of
either a low molecular weight organic material or a high
molecular weight organic material. When the organic emis-
sion layer 122 is formed of a low molecular organic weight
material, a hole transport layer (HIL) and a hole injection
layer (HIL) are sequentially stacked towards the first elec-
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trode layer 121, and an electron transport layer (ETL) and an
electron injection layer (EIL) are sequentially stacked
towards the second electrode layer 123 based on the organic
emission layer 122. Of course, another layer may be formed
if required, as well as the HIL, the HTT, the ETL,, and the FIL.
[0073] When the organic emission layer 122 is formed of a
high molecular organic weight material, only an HTL may be
disposed towards the first electrode layer 121 based on the
organic emission layer 122. The HTL may be formed on the
first electrode layer 121 via an inkjet printing or a spin coating
method, by using poly-(2,4)-ethylene-dihydroxy thiophene
(PEDOT), polyaniline (PANI), or the like.

[0074] The planarization layer 113 is then formed on an
entire surface of the second electrode layer 123. As described
above, the planarization layer 113 may be formed by using an
organic film or an inorganic film. The planarization layer 113
may cover the organic light emitting device 120, and may
have a flat upper surface.

[0075] The metal-dielectric layer 114 alternately including
the metal layer 114a and the dielectric layer 1145 may be
formed on the planarization layer 113. In FIG. 4, the metal-
dielectric layer 114 may be formed on an entire surface of the
flexible substrate 111.

[0076] The touch screen panel 116 and the window layer
117 are formed on the anti-reflection layer 115 including the
planarization layer 113 and the metal-dielectric layer 114, as
shown in FIG. 3. The window layer 117 may be a surface
contacting an outer atmosphere in the flexible display panel
100.

[0077] The flexible display panel 100 has a flexible char-
acteristic since all or some of components of the flexible
display panel 100 of FIG. 2 through FIG. 5 are formed of a
flexible material.

[0078] FIG. 5 is a diagram schematically illustrating the
display region D in the cross-section of the flexible display
panel 100, according to another exemplary embodiment of
the present invention.

[0079] The display region D of FIG. 5 is a modified
example of the display region D of FIG. 4, and thus descrip-
tions on similar components are omitted.

[0080] InFIG.5,ametal patternlayer 114¢is formed on the
planarization layer 113. The metal pattern layer 114¢ may be
formed of the same material as the metal layer 114a. The
metal pattern layer 114¢ may be formed by depositing a
conductive material on the planarization layer 113, and then
patterning the conductive material by using a mask. The metal
pattern layer 114c¢ is covered by the lowest of the dielectric
layers 114b, as shown in FIG. 5. The conductive material
deposited to form the metal pattern layer 114¢ may be thicker
than the metal layer 1144 and the upper two dielectric layers
114b.

[0081] The metal pattern layer 114c is patterned to corre-
spondto a region where there is no organic emission layer 122
of each of sub-pixels R, G, and B. In other words, the metal
pattern layer 114¢ may be formed in a region directly above
the PDL 124 of each of the sub-pixels R, G, and B. In FIG. 5,
visibility may be improved because the metal pattern layer
114c that is thick is formed in the region directly above the
PDL 124, excluding an emission region.

[0082] FIG. 6 is a diagram of the metal pattern layer 114¢
according to an exemplary embodiment of the present inven-
tion.

[0083] Referring to FIG. 6, the metal pattern layer 114c is
formed in a non-emission region of the sub-pixels R, G, and
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B, i.e., in a region directly above the PDL 124. As shown in
FIG. 6, the sub-pixels R, G, and B may have different sizes
according to luminance and characteristics of different col-
ors, and the metal pattern layer 114¢ may be formed in the
non-emission region around different emission regions.
Accordingly, the metal pattern layer 114¢ may be patterned
suich that an upper region on the organic emission layer 122 is
open and other regions are blocked.

[0084] In FIG. 5, the metal layers 114a and the dielectric
layers 1145 disposed on the metal pattern layer 114¢ are
formed to be flat but, alternatively, the metal layer 1144 and
the dielectric layer 1145 may be concavely deposited towards
the flexible substrate 111 in a region where there is no metal
pattern layer 114¢ according to characteristics of deposition
methods.

[0085] Because the metal pattern layer 114c¢ is relatively
thick, the dielectric layer 1145 contacting the metal pattern
layer 114¢ may be formed to have a good step coverage in
order to have a further improved barrier characteristic.
Accordingly, the dielectric layer 1145 disposed directly
above the metal pattern layer 114¢ may be deposited by using
a chemical deposition method, such as chemical deposition
(CVD) or atomic layer deposition (ALD), rather than a physi-
cal deposition method, such as e-beam evaporation.

[0086] FIG. 7 is a diagram schematically illustrating the
display region D in the cross-section of the flexible display
panel 100, according to another exemplary embodiment of
the present invention.

[0087] The display region D of FIG. 7 is a modified
example of the display region D of FIG. 4, and thus descrip-
tions on similar components are omitted.

[0088] InFIG.7,ablack matrix layer 118 is formed on the
metal-dielectric layer 114 of the anti-reflection layer 115. The
black matrix layer 118 is formed on the anti-reflection layer
115 by using a black die.

[0089] The black matrix layer 118 is formed in a region
directly above the PDL 124, and may be a region where the
organic emission layer 122 is not formed. In other words, the
black matrix layer 118 is formed on a region of the anti-
reflection layer 115 directly above a location where the metal
pattern layer 114¢ of FIG. 5 is formed, thereby improving
visibility. Accordingly, the region where the metal pattern
layer 114¢ of FIG. 6 is formed may be omitted and replaced
by the black matrix layer 118 arranged on the uppermost
dielectric pattern layer 1144.

[0090] According to one or more exemplary embodiments
of the present invention, a bending characteristic may be
improved due to a decrease in a thickness of a flexible display
panel, and visibility may be improved.

[0091] The particular implementations shown and
described herein are illustrative examples of the invention and
are not intended to otherwise limit the scope of the invention
in any way. For the sake of brevity, conventional electronics,
control systems, software development and other functional
aspects of the systems (and components of the individual
operating components of the systems) may not be described
in detail. Furthermore, the connecting lines, or connectors
shown in the various figures presented are intended to repre-
sent exemplary functional relationships and/or physical or
logical couplings between the various elements. It should be
noted that many alternative or additional functional relation-
ships, physical connections or logical connections may be
present in a practical device. Moreover, no item or component
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is essential to the practice of the invention unless the element
is specifically described as “essential” or “critical”.

[0092] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A flexible display panel, comprising:

a flexible panel comprising a display region and a non-
display region, the display region comprising an organic
light emitting device;

a planarization layer disposed on the flexible panel; and

ametal-dielectric layer disposed on the planarization layer
and comprising a metal layer and a dielectric layer.

2. The flexible display panel of claim 1, wherein the metal-
dielectric layer comprises a plurality of the metal layers and
the dielectric layers, which are alternately stacked.

3. The flexible display panel of claim 1, wherein the metal-
dielectric layer further comprises a metal pattern layer dis-
posed directly on the planarization layer and having a thick-
ness equal to or greater than the thicknesses of the metal layer
and the dielectric layer, and

wherein the lowest one of the plurality of dielectric layers
covers the metal pattern and separates the metal pattern
from the metal layer.

4. The flexible display panel of claim 3, wherein the metal
pattern layer is disposed directly above a non-emission region
in the display region.

5. The flexible display panel of claim 1, further comprising
a black matrix layer disposed on the metal-dielectric layer.

6. The flexible display panel of claim 5, wherein the black
matrix layer is disposed directly above a non-emission region
in the display region.

7. The flexible display panel of claim 1, further comprising
a touch screen panel and a window layer disposed on the
metal-dielectric layer.

8. The flexible display panel of claim 1, wherein the pla-
narization layer comprises at least one material selected from
the group consisting of SiO,, TiO,, ZrO,, Ta,0,, HIO,,
ALLO;, 7n0, Y,0;, BeO, MgO, PbO,, WO,, VOX, SiNx,
AlINx, Zn8, CdS, SiC, SiCN, LiF, CaF,, MgF,, NaF, BaF,,
PbF,, LaF,, and GaP.

9. The flexible display panel of claim 1, wherein the pla-
narization layer comprises at least one material selected from
the group consisting of an epoxy-based resin, an acryl-based
resin, a perylene-based resin, and a polyimide resin.

10. The flexible display panel of claim 1, wherein the metal
layer comprises at least one material selected from the group
consisting of Al,; Ag, Mg, Cr, Ti, Ni, Au, Ta, Cu, Ca, Co, Fe,
Mo, W, Pt, and YD.

11. The flexible display panel of claim 1, wherein the
dielectric layer comprises at least one material selected from
the group consisting of SiO,, TiO,, ZrO,, Ta,05, HIO,,
ALQO;, Zn0, Y,0;, BeO, MgO, PbO,, WO,, VOX, SiNx,
AINx, Zn8S, CdS, SiC, SiCN, LiF, CaF,, MgF,, NaF, BaF,,
PbF,, LaF;, and GaP.

12. The flexible display panel of claim 1, wherein the
dielectric layer comprises at least one material selected from
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the group consisting of an epoxy-based resin, an acryl-based
resin, a perylene-based resin, and a polyimide resin.

13. The flexible display panel of claim 1, wherein the
display region comprises:

at least one thin film transistor; and

an organic light emitting device electrically connected to

the at least one thin film transistor, the organic light

emitting device comprising;

a first electrode layer:;

a second electrode layer facing the first electrode layer;
and

an organic emission layer disposed between the first and
second electrode layers.

14. A method of manufacturing a flexible display panel, the
method comprising:

forming a thin film transistor comprising an active layer, a

gate electrode, a source electrode, and a drain electrode,
on a substrate;

forming an organic light emitting device comprising:

a first electrode;

a second electrode disposed adjacent to the first elec-
trode; and

an organic emission layer disposed between the first and
second electrodes and in an opening of a pixel defin-
ing layer; and

forming an anti-reflective layer on the organic light emit-

ting device, the anti-reflective layer comprising:
a planarization layer;

a metal layer; and

a dielectric layer.

15. The method of claim 14, wherein the forming of the
anti-reflection layer comprises:

forming the planarization layer on the organic light emit-

ting device; and

forming a metal-dielectric layer by alternately stacking a

plurality of the metal layers and a plurality of the dielec-
tric layers on the planarization layer.

16. The method of claim 14, wherein the forming of the
anti-reflection layer comprises forming a metal pattern layer
directly above the pixel defining layer.

17. The method of claim 14, further comprising, after the
forming of the anti-reflection layer, forming a metal pattern
layer on the anti-reflection layer directly above the pixel
defining layer.

18. The method of claim 14, further comprising, after the
forming of the anti-reflection layer:

forming a touch screen panel; and

forming a window layer on the touch screen panel.

19. A flexible display panel comprising:

aflexible panel comprising an organic light emitting device

disposed on a substrate; and

an anti-reflection layer disposed on the flexible panel and

having a polarization characteristic,

wherein the anti-reflection layer comprises a plurality of

metal layers alternately stacked with a plurality of
dielectric layers.

20. The flexible display panel of claim 19, wherein the
anti-reflection layer further comprises a planarization layer.

* #* * #* #®
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