US 20150008396A1

12) Patent Application Publication (o) Pub. No.: US 2015/0008396 A1

a9y United States

NALJO 43) Pub. Date: Jan, 8, 2015
(54) ORGANIC LIGHT EMITTING DIODE HOIL 27/32 (2006.01)
DISPLAY AND METHOD OF FORMING THE HOIL 51/56 (2006.01)
SAME (52) US.CL
CPC oo, HOIL 51/5271 (2013.01); HOIL 51/56
(71)  Applicant: Samsung Display Co., Ltd., (2013.01); HOIL 51/0097 (2013.01); HOIL
Yongin-City (KR) 27/32 (2013.01)
. USPC oo 257/40; 438/28
(72) Inventor: Tsuyoshi NAIJO, Yongin-City (KR)
. ' (7) ABSTRACT
(73) - Assignee: Ss[zgl;ll:ll_lcglglzggg Co., Ltd, An organic light emitting diode display includes: a flexible

(21)  Appl. No.: 14/156,585
(22) Filed: Jan. 16, 2014
(30 Foreign Application Priority Data

Jul.5,2013  (KR) weveeviivcice 10-2013-0079279

Publication Classification

(51) Int.CL
HOIL 51/52
HOIL 51/00

(2006.01)
(2006.01)

substrate configured to be bent at least once; a first display
part on the flexible substrate and including a plurality of first
light emitting elements; and a second display part on the
flexible substrate and including a plurality of second light
emitting elements. Each of a first light emitting element and a
second light emitting element among the plurality of first and
second light emitting elements includes a first electrode, an
emission layer and a second electrode, the first electrode of
the first light emitting element includes a transparent layer or
asemi-transparent layer, the first electrode of the second light
emitting element includes a reflective layer, and the second
electrode of the first light emitting element and the second
light emitting element, includes the transparent layer or the
semi-transparent layer.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND METHOD OF FORMING THE
SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2013-0079279 filed on Jul. 5, 2013, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] (a) Field

[0003] The invention relates to a flexible display device.
More particularly, the invention relates to a flexible organic
light emitting diode display including an organic light emit-
ting element.

[0004] (b) Description of the Related Art

[0005] An organic light emitting diode display is a self-
light emitting display that displays an image by using an
organic light emitting diode that emits light. The organic light
emitting diode display differs from a liquid crystal display as
not including a separate light source, and having relatively
small thickness and weight. Furthermore, as the organic light
emitting diode display involves high quality characteristics
such as low power consumption, high luminance and short
response time, the organic light emitting diode display is
spotlighted as a next generation display device for portable
electronic appliances.

[0006] The organic light emitting element includes two
electrodes and an emitting layer located therebetween, and
excitons are generated by combining electrons provided from
one of the two electrodes and holes provided from the other
electrode at the emitting layer. Energy is output from the
excitons when a ground state thereof is reached, to thereby
emit light.

[0007] Itis important for the organic light emitting element
to have increased luminous efficiency and to simultaneously
have an improved life-span.

[0008] To increase the life-span of the organic light emit-
ting element, a structure of a plurality of deposited charge
auxiliary layers such as an emission layer, a hole injection
layer, and an electron injection layer to increase the magni-
tude of luminance for a current by two times or three times has
been developed.

SUMMARY

[0009] Accordingly, one or more exemplary embodiment
of the invention provides an organic light emitting diode
display with increased luminance of an organic light emitting
element without increasing a complexity and cost in a manu-
facturing process of forming an emission layer, an electron
auxiliary layer and a hole auxiliary layer of the organic light
emitting element.

[0010] Anorganiclightemitting diode display according to
the invention includes: a flexible substrate configured to be
bent at least once; a first display part on the flexible substrate
and including a plurality of first light emitting elements; and
a second display part on the flexible substrate and including a
plurality of second light emitting elements. Each of a first
light emitting element and a second light emitting element
among the plurality of first and second light emitting ele-
ments includes a first electrode, an emission layer and a
second electrode, the first electrode of the first light emitting
element includes a transparent layer or a semi-transparent
layer, the first electrode of the second light emitting element
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includes areflective layer, and the second electrode of the first
light emitting element and the second light emitting element,
includes the transparent layer or the semi-transparent layer.
[0011] The reflective layer may include at least one mate-
rial among magnesium (Mg), silver (Ag), gold (Au), calcium
(Ca), lithium (Li), chromium (Cr), and aluminum (Al), and
alloys thereof, and the transparent layer may include one
material among indium tin oxide (“ITO”), indium zinc oxide
(“IZ0O”), zinc oxide (“Zn0O”), or indium oxide (In203).
[0012] The flexible substrate includes a bending region
between the first display part and the second display part, at
which the flexible substrate is configured to be bent.

[0013] Theorganic light emitting diode display may further
include a sealant an edge of the first display part. The first
display part and the second display part may be sealed
between the sealant and the flexible substrate in a bent state of
the organic light emitting diode display.

[0014] The emission layer may emit white light.

[0015] Theorganic light emitting diode display may further
include a third display part on the flexible substrate, between
the first display part and the second display part in an unbent
state of the organic light emitting diode display, and including
a plurality of third light emitting elements.

[0016] A third light emitting element among the plurality of
third light emitting elements may be on a same surface of the
flexible substrate as the first light emitting element and the
second light emitting element.

[0017] The third light emitting element may include the
first electrode, the emission layer, and the second electrode,
and the first electrode and the second electrode of the third
light emitting element may include the transparent layer or
the semi-transparent layer.

[0018] The emission layer of the third light emitting ele-
ment may emit white light.

[0019] The reflective layer may include at least one mate-
rial among magnesium (Mg), silver (Ag), gold (Au), calcium
(Ca), lithium (Li), chromium (Cr), and aluminum (Al), and
alloys thereof, and the transparent layer may include one
material among ITO, 1ZO, ZnO, or In203.

[0020] The flexible substrate may include at least one of
polyimide, polycarbonate, polyacrylate, polyetherimide,
polyethersulfone, polyethylene terephthalate and polyethyl-
ene naphthalate.

[0021] In one or more exemplary embodiment of the
organic light emitting diode display, a plurality of light emit-
ting units is disposed within the organic light emitting diode
display without multiple deposition processes. To achieve a
multi-layer organic emission layer of light emitting elements
of the organic light emitting diode display, multiple display
parts each including a layer of light emitting elements is
disposed on a flexible substrate, and the flexible substrate is
bent to position the layers of light emitting elements to over-
lap each other and achieve the multi-layer organic emission
layer of the organic light emitting diode display, such that the
organic light emitting diode display with increased lumi-
nance of the organic light emitting elements is provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above and other advantages and features of this
disclosure will become more apparent by describing in fur-
ther detail exemplary embodiments thereof with reference to
the accompanying drawings, in which:
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[0023] FIG. 1 is a schematic cross-sectional view of an
exemplary embodiment of an organic light emitting diode
display according to the invention.

[0024] FIG. 2 is a schematic top plan view of the organic
light emitting diode display of FIG. 1.

[0025] FIG. 3 is a plan view of an exemplary embodiment
of a signal line of a display part of an organic light emitting
diode display according to the invention.

[0026] FIG. 4 is an equivalent circuit of an exemplary
embodiment of one pixel of a display part of an organic light
emitting diode display according to the invention.

[0027] FIG. § is a cross-sectional view of an exemplary
embodiment of the one pixel of the organic light emitting
diode display of FIG. 4.

[0028] FIG. 6 is a schematic cross-sectional view of
another exemplary embodiment of a light emitting element of
an organic light emitting diode display according to the inven-
tion.

[0029] FIG. 7 is a plan view of still another exemplary
embodiment of an organic light emitting diode display
according to the invention.

[0030] FIG.8isaschematic plan view of yet another exem-
plary embodiment of an organic light emitting diode display
according to the invention.

[0031] FIG. 9 and FIG. 10 are schematic cross-sectional
views of exemplary embodiments of the organic light emit-
ting diode display of FIG. 8, respectively.

DETAILED DESCRIPTION

[0032] To increase a life-span of an organic light emitting
element included in an organic light emitting diode display, a
structure of a plurality of deposited charge auxiliary layers
such as an organic emission layer, a hole injection layer and
an electron injection layer to increase the magnitude of lumi-
nance for an electrical current by two times or three times has
been developed. However, to deposit a plurality of auxiliary
layers of the organic emission layer, a unit of the hole auxil-
iary layer, the emission layer and the electron auxiliary layer
must be repeatedly deposited such that a deposition process
and a cost thereof are undesirably increased. Therefore, there
remains a need for an improved organic light emitting diode
display and organic light emitting element thereof, which
simplifies a manufacturing process and a cost of manufactur-
ing thereof.

[0033] The invention will be described more fully herein-
after with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. As those
skilled in the art would realize, the described exemplary
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the invention.
[0034] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion.

[0035] Itwill be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present. As used
herein, connected may refer to elements being physically
and/or electrically connected to each other. As used herein,
the term “and/or” includes any and all combinations of one or
more of the associated listed items.
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[0036] It will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the invention.

[0037] Spatially relative terms, such as “lower,” “upper”
and the like, may be used herein for ease of description to
describe the relationship of one element or feature to another
element(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to
encompass different orientations of the device in use or
operation, in addition to the orientation depicted in the fig-
ures. For example, if the device in the figures is turned over,
elements described as “lower” relative to other elements or
features would then be oriented “above” relative to the other
elements or features. Thus, the exemplary term “lower” can
encompass both an orientation of above and below. The
device may be otherwise oriented (rotated 90 degrees or at
other orientations) and the spatially relative descriptors used
herein interpreted accordingly.

[0038] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises,”
“comprising,” “includes” and/or “including,” when used in
this specification, specify the presence of stated features,
integers, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/
or groups thereof.

[0039] Embodiments of the invention are described herein
with reference to cross-section illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein
but are to include deviations in shapes that result, for example,
from manufacturing.

[0040] “About” or “approximately” as used herein is inclu-
sive of the stated value and means within an acceptable range
of deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement in
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the
stated value.

[0041] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mearning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art

EERNY?
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and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0042] All methods described herein can be performed in a
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”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

[0043] Now, an organic light emitting diode display
according to an exemplary embodiment will be described
with reference to accompanying drawings.

[0044] FIG. 1 is a schematic cross-sectional view of an
exemplary embodiment of an organic light emitting diode
display according to the invention, FIG. 2 is a schematic top
plan view of the organic light emitting diode display of FIG.
1, FIG. 3 is a plan view of an exemplary embodiment of a
signal line of a display part of an organic light emitting diode
display according to the invention, and FIG. 4 is an equivalent
circuit of an exemplary embodiment of one pixel of a display
part of an organic light emitting diode display according to
the invention.

[0045] As shown in FIG. 1 and FIG. 2. an exemplary
embodiment of a flexible display device 1000 according to
the invention includes a substrate 100, and a first display part
200 and a second display part 300 including a plurality of
pixels on the substrate 100. Each pixel of the first display part
200 includes a first light emitting element (not shown) and
each pixel of the second display part 300 includes a second
light emitting element (not shown).

[0046] The substrate 100 as a flexible substrate, may
include an organic material selected from insulation organic
materials, such as polyether sulphone (“PES”), polyacrylate,
polyetherimide (“PEI”), polyethylene naphthalate (“PEN"),
polyethylene terephthalate (“PET”), polyphenylene sulfide
(“PPS™), polyallylate, polyimide, polycarbonate (“PC”), tri-
acetyl cellulose (“TAC”), and cellulose acetate propionate
(“CAP”). The substrate 100 may be a single, unitary, indivis-
ible member which is configured to be bent at one or more
locations thereof.

[0047] Referring to FIG. 2, the substrate 100 includes a first
display area LA and a second display area LB. The first
display part 200 is positioned at the first display area LA, and
the second display part 300 is positioned at the second display
area .B. The substrate 100 is configured to be bent such that
the first display part 200 and the second display part 300 face
each otherin a folded state ofthe flexible display device 1000.
FIG. 1 shows a folded state of the flexible display device
1000, and FIG. 2 and FIG. 3 show an unfolded state of the
flexible display device 1000. The overall display area PA of
the substrate 100 may collectively include portions of the first
and second display areas LA and LB.

[0048] The pixels of the first display part 200 and the sec-
ond display part 300 are respectively arranged in a matrix and
connected to a plurality of signal lines.

[0049] Referring to FIG. 3, a first signal line 121 extending
in afirst direction and transmitting a scan signal, and a second
signal line 171 crossing the first signal line 121 and transmit-
ting a video signal, are on the first display area LA and the
second display area LB of the substrate 100. The first signal
line 121 and/or the second signal line 171 may be continuous
to extend from the first display area LA and the second dis-
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play area LB. The first signal line 121 and the second signal
line 171 are each connected to a pixel, and the pixel may be
connected to various signal lines (not shown) applying dif-
ferent signals thereto, as well as the first signal line 121 and
the second signal line 171.

[0050] A driver 510 positioned at a peripheral area PB
outside the first display area LA and the second display area
LB and controlling the thin film transistor of the pixel, is
positioned on the substrate 100. The flexible display device
1000 may include one or more driver 510 in the peripheral
area PB.

[0051] Thedriver 510 as an integrated circuit (“IC”) chip is
mounted on the substrate 100, or may be integrated on the
substrate 100 along with the thin film transistor of the first
display area LA and the second display area LB. The first
signalline 121 connected to the driver 510 is connected to and
is positioned at the first display area LA and the second
display area LB thereby intersecting a bending area A posi-
tioned between the first display area LA and the second dis-
play area LB.

[0052] Theorganic light emitting diode display of FIG. 1 to
FIG. 3 may include aplurality of pixels respectively including
an equivalent circuit as shown in FIG. 4.

[0053] Referring to FIG. 4, an exemplary embodiment of an
organic light emitting diode display according to the inven-
tion includes a plurality of signal lines, and a plurality of
pixels P connected thereto and arranged in an approximate
matrix. A pixel P may be located between adjacent first and
second signal lines 171 and 172, but the invention is not
limited thereto.

[0054] The signal lines includes a plurality of first signal
lines 121 transmitting a gate signal (or a scan signal), a
plurality of second signal lines 171 transmitting a data signal,
and a plurality of third signal lines 172 transmitting a driving
voltage Vdd. The first signal lines 121 extend substantially in
a row direction and are substantially parallel to each other,
and the second signal lines 171 and the third signal lines 172
extend substantially in a column direction and are substan-
tially parallel to each other thereby intersecting the first signal
lines 121. The row direction may be a horizontal direction in
FIG. 4 and the column direction may be a vertical direction in
FIG. 4.

[0055] Each pixel Pincludes a switching thin film transistor
Q2, a driving thin film transistor Q1, a storage capacitor Cst,
and an organic light emitting diode 70.

[0056] The switching thin film transistor Q2 has a control
terminal, an input terminal and an output terminal. The con-
trol terminal is connected to a first signal line 121, the input
terminal is connected to a second signal line 171, and the
output terminal is connected to the driving thin film transistor
Q1. The switching thin film transistor Q2 transmits a data
signal applied to the second signal line 171 to the driving thin
film transistor Q1 in response to a scan signal applied to the
first signal line 121.

[0057] The driving thin film transistor Q1 also includes a
control terminal, an input terminal and an output terminal.
The control terminal is connected to the switching thin film
transistor Q2, the input terminal is connected to the third
signal line 172, and the output terminal is connected to the
organic light emitting diode 70. The driving thin film transis-
tor Q1 enables output current I, ,,, of which a magnitude is
changed according to a voltage applied between the control
terminal and the output terminal, to flow.
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[0058] The capacitor Cst is connected between the control
terminal and the input terminal of the driving thin film tran-
sistor Q1. The capacitor Cst charges a data signal applied to
the control terminal of the driving thin film transistor Q1, and
maintains the charged signal after the switching thin film
transistor Q2 is turned off.

[0059] The organic light emitting diode 70 includes an
anode connected to the output terminal of the driving thin film
transistor Q1 and a cathode connected to a common voltage
Vss. The organic light emitting diode 70 displays an image by
emitting light while changing intensity of the light according
to the output current I ,, of the driving thin film transistor Q1.
[0060] FIG. 5 is a cross-sectional view of an exemplary
embodiment of the one pixel of the organic light emitting
diode display of F1G. 4. The organic light emitting diode may
otherwise be referred to as an organic light emitting element
of the organic light emitting diode display.

[0061] FIG. 5 illustrates the pixel P according to a layer
order focusing on the second thin film transistor Q2 and the
organic light-emitting element 70 of F1G. 4. Hereinafter, the
second thin film transistor Q2 will be referred to as a thin film
transistor.

[0062] As shown in FIG. 5, an exemplary embodiment of
the organic light emitting diode display includes a substrate
100, and a buffer layer 120 on the substrate 100.

[0063] The substrate 100 may be a transparent insulating
substrate such as including glass, quartz, ceramic or plastic,
or may be a conductive substrate such as including a metal
like stainless steel.

[0064] The buffer layer 120 may be include a single layer
structure (e.g., monolayer) such as including a SiNx layer, or
a double layer structure such as including layers of SiNx and
Si02. The buffer layer 120 reduces or effectively prevents
unnecessary elements such as impurities or moisture from
infiltrating into the substrate 100, and planarizes the surface
of the substrate 100.

[0065] A semiconductor layer 135 including polysilicon is
on the buffer layer 120.

[0066] The semiconductor layer 135 is divided into a chan-
nel region 1355, and a source region 1356 and a drain region
1357 on opposing sides of the channel region 1355. In an
exemplary embodiment, the channel region 1355 of the semi-
conductor layer 135 includes undoped polysilicon, that is, an
intrinsic semiconductor. The source region 1356 and the drain
region 1357 include polysilicon doped with a conductive
impurity, that is, an impurity semiconductor. The impurity
doped into the source region 1356 and the drain region 1357
may be a p-type impurity or an n-type impurity.

[0067] A gate insulating layer 140 is on the semiconductor
layer 135. The gate insulating layer 140 may include a single
layer structure or multi-layer structure including at least one
of tetraethyl orthosilicate (“TEOS”), silicon nitride and sili-
con oxide.

[0068] A gate electrode 155 is on the semiconductor layer
135 and overlapping the channel region 1355 of the semicon-
ductor layer 135.

[0069] The gate electrode 155 may include a single layer
structure or multi-layer structure of a low resistance material
or a highly corrosion-resistant material such as Al, Ti, Mo,
Cu, Ni and alloys thereof.

[0070] A first interlayer insulating layer 160 is on the gate
electrode 155. The first interlayer insulating layer 160 may
include a single layer structure or multi-layer structure
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including at least one of TEOS, silicon nitride and silicon
oxide, similar to the materials and structure of the gate insu-
lating layer 140.

[0071] A source contact hole 66 and a drain contact hole 67
are defined in the first interlayer insulating layer 160 and the
gate insulating layer 140, and respectively expose the source
region 1356 and the drain region 1357 of the semiconductor
layer 135.

[0072] A sourceelectrode 176 and adrain electrode 177 are
on the first interlayer insulating layer 160. The source elec-
trode 176 is connected to the source region 1356 through the
source contact hole 66, and the drain electrode 177 is con-
nected to the drain region 1357 through the drain contact hole
67.

[0073] The source electrode 176 and the drain electrode
177 may include a single layer structure or multi-layer struc-
ture of a low resistance material or highly corrosion-resistant
material such as Al, Ti, Mo, Cu, Ni and alloys thereof. In one
exemplary embodiment, for example, the source electrode
176 and drain electrode 177 include three layers including
Ti/Cu/Ti, Ti/Ag/Ti or Mo/Al/Mo.

[0074] Thegateelectrode 155, the source electrode 176 and
the drain electrode 177 respectively correspond to the control
terminal, the input terminal and the output terminal shown in
FIG. 3, and form the thin film transistor (e.g., the second thin
film transistor Q2) along with the semiconductor layer 135. A
channel of the thin film transistor is defined by a portion of the
semiconductor layer 135, which is disposed between the
source electrode 176 and the drain electrode 177.

[0075] A second interlayer insulating layer 180 is on the
source electrode 176 and the drain electrode 177. A contact
hole 82 is defined in the second interlayer insulating layer 180
and exposes the drain electrode 177.

[0076] The second interlayer insulating layer 180 may
include a single layer structure or multi-layer structure of at
least one of TEOS, silicon nitride and silicon oxide, or may
include a low dielectric constant organic material, similar to
the material of the first interlayer insulating layer 160.
[0077] A first electrode 710 is on the second interlayer
insulating layer 180. The first electrode 710 is electrically
connected to the drain electrode 177 through the contact hole
82 and may be the anode of the organic light-emitting element
of FIG. 2.

[0078] The second interlayer insulating layer 180 is
between the first electrode 710 and the drain electrode 177 in
the illustrated exemplary embodiment of the invention, but
the invention is not limited thereto. In an alternative exem-
plary embodiment, the first electrode 710 may include a same
material and be disposed at a same layer as those of the
organic light emitting diode display as the drain electrode
177, and may be integrated with the drain electrode 177 (e.g,,
form a single, unitary indivisible electrode member).

[0079] A pixel definition layer 190 is on the first electrode
710.
[0080] An opening 95 is defined in and by portions of the

pixel definition layer 190, and exposes the first electrode 710.
The pixel definition layer 190 may include a resin such as a
polyacrylate or polyimide, or an inorganic material such as
silica.

[0081] An organic emission layer 720 is in the opening 95
of the pixel definition layer 190.

[0082] The organic emission layer 720 may include a
multi-layer structure such as including an emission layer, and
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one or more of a hole injection layer, a hole transport layer, an
electron transport layet, and an electron injection layer.
[0083] When the organic emission layer 720 includes all of
the above-described layers, the hole injection layer may be
disposed on and closes to the first electrode 710 correspond-
ing to the anode, and the hole transport layer, emission layer,
electron transport layer and electron injection layer may be
sequentially on the hole injection layer. However, the inven-
tion is not limited thereto or thereby.

[0084] The emission layer of the organic light emitting
diode OLED may include low polymer organic material or a
high polymer organic material such as poly(3,4-ethylene-
dioxythiophene) (“PEDOT”). The emission layer may col-
lectively include different color portions emitting respective
color lights, such as a red emission layer portion that emits a
red color, a green emission layer portion that emits a green
color, and a blue emission layer portion that emits a blue
color. The red emission layer portion, the green emission
layer portion and the blue emission layer portion are disposed
atared pixel,a green pixel and a blue pixel of the organic light
emitting diode display, respectively, to collectively embody a
color image.

[0085] Further, the emission layer including the red emis-
sion layer portion, the green emission layer portion, and the
blue emission layer portion respectively stacked ata red pixel,
a green pixel and a blue pixel forms a red color filter, a green
color filter and a blue color filter on a pixel basis, thereby
embodying a color image. In another exemplary embodi-
ment, by forming a white emission layer portion that emits
white light at all of the red pixel, the green pixel and the blue
pixel in addition to the red color filter, the green color filter,
and the blue color filter on a pixel basis, a color image may be
embodied. When a color image is embodied using a white
emission layer portion and a color filter portion, a deposition
mask for depositing a red emission layer portion, a green
emission layer portion and a blue emission layer portion at
respective individual pixels, e.g., a red pixel, a green pixel,
and a blue pixel, may not be used in a method of manufac-
turing the organic light emitting diode display.

[0086] The white emission layer portion of another exem-
plary may be structured in one collective emission layer por-
tion, and include a configuration that emits white light by
stacking a plurality of emission layers portions. In one exem-
plary embodiment, for example, a collective white emission
layer portion may include a configuration that emits white
light by combining at least one yellow emission layer portion
and at least one blue emission layer portion, a configuration
that emits white light by combining at least one cyan emission
layer portion and at least one red emission layer portion, and
a configuration that emits white light by combining at least
one magenta emission layer portion and at least one green
emission layer portion.

[0087] A second electrode 730 is on the pixel definition
layer 190 and the organic emission layer 720.

[0088] The second electrode 730 becomes a cathode of the
organic light emitting element 70. Accordingly, the first elec-
trode 710, the organic emission layer 720 and the second
electrode 730 form the organic light emitting element 70.
[0089] The organic light emitting element 70 can be of one
of a front display type, a rear display type, and a dual-sided
display type according to the direction in which the organic
light-emitting element 70 emits light.

[0090] In the front display type, the first electrode 710
includes a reflective layer and the second electrode 730
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includes a transflective or transmissive layer. In the rear dis-
play type, the first electrode 710 includes a transflective layer
and the second electrode 730 includes a reflective layer. In the
dual-sided display type, the first electrode 710 and the second
electrode 730 include a transparent layer or a semi-transpar-
ent layer.

[0091] The reflective layer and the semi-transparent layer
include at least one of Mg, Ag, Au, Ca, Li, Cr, and Al, or an
alloy thereof. The reflective layer and the transflective layer
are determined by the thicknesses thereof, and the transflec-
tive layer may have a thickness of less than about 200 nanom-
eters (nm). While the transmittance of the reflective layer or
transflective layer increases as the thickness thereof
decreases, the electrical resistance thereof increases when the
layer is excessively thin.

[0092] The transmissive layer includes indium tin oxide
(“ITO”), indium zinc oxide (“1Z0”), zinc oxide (“Zn0O”), or
indium oxide (In203).

[0093] In an exemplary embodiment, the first display part
200 is the dual-sided display type, and the second display part
300 is the front display type.

[0094] That is, a first light emitting element 70 of the first
display part 200 includes the first electrode 710 and the sec-
ond electrode 730 including the transparent layer or the semi-
transparent layer, and the second light emitting element 70 of
the second display part 300 includes the first electrode 710
including the reflective layer and the second electrode 730
including the transparent layer or the semi-transparent layer.

[0095] An encapsulation member 260 is on the second elec-
trode 730.
[0096] The encapsulation member 260 may include alter-

nating an organic layer and an inorganic layer. The encapsu-
lation member 260 may include a plurality of organic layers
or a plurality of inorganic layers, respectively alternated with
each other.

[0097] The organic layer includes a polymer, and may be a
single layer structure or a deposition layer including one of
polyethylene terephthalate, a polyimide, a polycarbonate, an
epoxy, polyethylene and a polyacrylate. Further, the organic
layer may include a polyacrylate, and in detail, may include a
polymerized monomer composition including a di-acrylate
monomer and tri-acrylate monomer. A mono-acrylate mono-
mer can be included in the monomer composition. A photo-
initiator such as monoacrylphosphine oxide (“TPO”) can be
further included in the monomer composition, but is not lim-
ited thereto.

[0098] Theinorganic layer may include asingle layer struc-
ture or a deposition layer including a metal oxide or a metal
nitride. In detail, the inorganic layer may include one of SiN¥x,
Al203, SiO2 and TiO2.

[0099] The externally exposed uppermost layer of the
encapsulation layer 260 may include an inorganic layer so as
to reduce or effectively prevent permeation of vapor into the
organic light emitting element 70.

[0100] The encapsulation layer 260 may include a sand-
wich (e.g., layered) configuration in which at least one
organic layeris inserted between at least two inorganic layers.
Further, the encapsulation layer 260 can include a sandwich
configuration in which at least one inorganic layer is included
between at least two organic layers.

[0101] The encapsulation layer 260 can sequentially
include a first inorganic layer, a first organic layer and a
second inorganic layer in order from top to bottom of the
respective display part. In addition, the encapsulation layer
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260 can sequentially include a first inorganic layer, a first
organic layer, a second inorganic layer, a second organic layer
and a third inorganic layer in order from top to bottom of the
respective display part. Further, the encapsulation layer 260
can sequentially include a first inorganic layer, a first organic
layer, a second inorganic layer, a second organic layer, a third
inorganic layer, a third organic layer and a fourth inorganic
layer in order from top to bottom of the respective display
part. However, the invention is not limited to the above-
described layered configurations.

[0102] A metal halide layer including LiF can be included
between the display part and the first inorganic layer of the
encapsulation layer 260. The metal halide layer reduces or
effectively prevents damage to the display unit during a
method of manufacturing the organic light emitting diode
display when the first inorganic layer is formed such as be
using a sputtering method or a plasma deposition method.
[0103] Thefirst organiclayer ofthe encapsulation layer 260
is narrower than the second inorganic layer, and the second
organic layer can be narrower than the third inorganic layer.
Narrower may refer to a width of the layer taken parallel to the
substrate 100. With this configuration, the first organic layer
is entirely covered by the second inorganic layer, and the
second organic layer can be entirely covered by the third
inorganic layer. In one exemplary embodiment, upper and
side surfaces of the organic layers may be overlapped by the
respective wider inorganic layer.

[0104] Again referring to FIGS. 1 and 2, a sealant 400 is
formed on the substrate 100, and combines the first display
area LA and the second display area LB of the bent substrate
100 to be sealed.

[0105] The sealant 400 is positioned at the edge of the
substrate 100 except for abent portion A of the substrate 100,
and is disposed according to a boundary line of the first
display area LA or the second display area LB to enclose the
first display area LA or the second display area LB.

[0106] The sealant 400 may include a thermal hardening or
a photo-hardening adhesive, or may include a glass frit.
[0107] In this way, if the first display part 200 and the
second display part 300 are provided, and the substrate 100 is
bent such that first display part 200 and the second display
part 300 face to each other with respect to the bending region
A of the substrate 100, to form the organic light emitting
diode display, luminance of the organic light emitting diode
display may be increased.

[0108] The increase of the luminance of the organic light
emitting diode display will be described with reference to
FIG. 6.

[0109] FIG. 6 is a schematic cross-sectional view of
another exemplary embodiment of a light emitting element of
an organic light emitting diode display according to the inven-
tion.

[0110] Referring to FIG. 1 and FIG. 6, if a driving signal is
applied to the pixel of the first display part 200 and the second
display part 300, an emission layer 720« of a first light emit-
ting element 70a corresponding to the organic light emitting
element of the first display 200 part emits light, and an emis-
sion layer 7205 of a second light emitting element 705 cor-
responding to the organic light emitting element of the second
display part 300 emits light.

[0111] In the second display part 300 including the front
display type organic light emitting element, the first electrode
7106 includes the reflective layer and the second electrode
7304 includes the transparent layer. In the first display part
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200 including the dual-sided display type organic light emit-
ting element, the first electrode 7104 and the second electrode
730a include the transparent layer.

[0112] The light emitted from the first display part 200 is
emitted to the outside through the first electrode 710a. A first
portion of the emitted light is transmitted in a direction of the
first electrode 7104 and is emitted to the outside, and a second
portion thereof is transmitted in a direction of the second
electrode 730q, is reflected by the first electrode 7105 includ-
ing the reflective layer of the second display part 200 and may
be emitted to the outside through the first display part 200.
[0113] Onthe portion of the substrate 100 corresponding to
the first display part 200, a light blocking member 35 may be
further disposed to reduce or effectively prevent external light
from being incident to the first and/or second display parts
200 and 300 and being emitted from the organic light emitting
diode display.

[0114] In this way, by forming the light blocking member
35, although light emitted from the first display part 200 is not
reflected by the first electrode 7105 of the second display part
300 since such light is incident at a region of the substrate 100
where the first and/or second electrode 7105 and 7305 are not
positioned, the light is absorbed by the light blocking member
35 and is not emitted to the outside of the organic light
emitting diode display.

[0115] The light emitted from the second display part 300
passes through the second electrode 7305 and is emitted
through the first display part 200. However, the light emitted
from the second display part 300 may be reflected by the first
electrode 7105 and may be emitted through the first display
part 200.

[0116] In this way, one or more exemplary embodiment of
the invention emits substantially all of the light generated by
the first display part 200 and the second display part 300, such
that the luminance of the display device may be increased.
That is, where the light emitting element as a unit is disposed
in plural within the organic light emitting diode display, a
multi-photo effect may be achieved.

[0117] Also, in one or more exemplary embodiment of the
organic light emitting diode display according to the inven-
tion, when forming the first display part 200 and the second
display part 300, if the high luminance for the display is not
required, only the first display part 200 may be driven or only
the second display part 300 may be driven. That is, the first
and second display parts 200 and 300 may be driven indepen-
dently.

[0118] FIG. 7 is a schematic plan view of still another
exemplary embodiment of an organic light emitting diode
display according to the invention.

[0119] Theorganic light emitting diode display of FIG. 7 is
substantially the same as the organic light emitting diode
display of FIG. 1 to FIG. 4 such that only differences will be
described in detail.

[0120] The flexible display device 1002 shown in FIG. 7
includes the substrate 100 including the first display area LA
and the second display area LB, and the first display part 200
and the second display part 300 respectively including a plu-
rality of pixels P respectively in the first display area LA and
the second display area LB.

[0121] The first and second signal lines 121 and 171 of the
first display part 200 and the second display part 300 are
electrically connected to the driver 510.

[0122] Differently from FIG. 3, the first signal line 121 is
divided with reference to the bending region A such that the
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first signal line 121 is respectively at the first display part 200
and the second display part 300. That is, the first signal lines
121 are discontinuous since the bending region A of the
substrate 100 excludes the first signal lines 121.

[0123] As shown in FIG. 3, when the first signal line 121 is
continuous and extends from the first display area LA and into
the second display area LB, a length of the first signal line 121
is relatively long such that a signal delay is generated.
Accordingly, as shown in FIG. 7, when the first signal lines
121 are dividing into first first signal line portions 121 in the
first display part 200 and second first signal line portions 121
the second display part 300, the signal delay may be reduced.
[0124] The first first signal line portions 121 of the first
display part 200 and second first signal line portions 121 of
the second display part, respectively receive the driving signal
from a corresponding driver 510. Multiple first signal line
portions 121 may receive the driving signal from a same
driver 510, as illustrated in FIG. 7. While reference numeral
121 is used to indicate a continuous first signal line in FIG. 3,
the reference numeral 121 may also be used to indicate a first
signal line portion as shown in FIG. 7.

[0125] Inthe above exemplary embodiment described with
reference to FIG. 3, a length in an extending direction of the
first signal line 121 is larger than a length of the extending
direction ofthe second signal line 171 such that the first signal
line 171 intersects the bending region A. However, in an
alternative exemplary embodiment, a length in an extending
direction of the second signal line 172 may be larger than the
length in the extending direction of the first signal line 171
such that the second signal line 172 may cross the bending
region A. That is, different from FIG. 3 and FIG. 7, the first
signal lines 121 may be elongated in the vertical direction
while the second signal lines 171 are elongated in the hori-
zontal direction.

[0126] FIG.8isaschematic plan view of yet another exem-
plary embodiment of an organic light emitting diode display
according to the invention, and FIG. 9 and FIG. 10 are respec-
tively schematic cross-sectional views of the organic light
emitting diode display of FIG. 8.

[0127] As shown in FIG. 8 to FIG. 10, the flexible display
device 1004 includes a plurality of bending regions A such
that the substrate 100 may be repeatedly bent, differently
from the exemplary embodiment of FIG. 1 to 4.

[0128] That is, in FIG. 8 to FIG. 10, the organic light emit-
ting diode display includes two bending regions A, and the
first display part 200, the second display part 300 and a third
display part 600. The first display part 200 to the third display
part 600 are positioned at the same surface of the flexible
substrate 100. The surface of the flexible substrate 100 upon
which the display parts are disposed may be referred to as a
first surface, while a surface of the flexible substrate 100
opposite to the first surface may be referred to as a second (or
opposing) surface.

[0129] The first display part 200 to the third display part
600 respectively include the first light emitting element 70aq,
the second light emitting element 705 and a third light emit-
ting element 70c, and the light emitting elements respectively
include first electrodes 710a, 7105 and 710¢, organic emis-
sion layers 720qa, 7205 and 720¢, and second electrodes 7304,
7306 and 730c.

[0130] Intheorganiclightemitting diode display of FIG. 9,
the first electrode 710a and the second electrode 730a of the
first light emitting element 70q, and the third light emitting
element 70c, include the transparent layer or the semi-trans-
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parent layer, and the first electrode 7105 and the second
electrode 7305 of the second light emitting element 705
respectively include the reflective layer and the transparent
layer or the semi-transparent layer. This means that the first
light emitting element 70a and the third light emitting ele-
ment 70c¢ positioned in a light emitting direction function as
electrodes of the transparent layer.
[0131] In the above exemplary embodiment, the second
display part 300 includes the first electrode 7105 including
the reflective layer, and the third light emitting element 70¢
includes the transparent layer or the semi-transparent layer.
However, where the first electrode 710¢ of the third light
emitting element 70¢ of the third display part 600 includes the
reflective layer, and the first electrode 7104 and 7105 and the
second electrode 730a and 7304 of the second light emitting
element 705 and the first light emitting element 70q include
the transparent layer, the light is emitted in the opposite
direction than when the first electrode 7105 of the second
light emitting element 705 includes the reflective layer. That
is, if the first electrode 7105 of the second light emitting
element 705 includes the reflective layer, the light is emitted
through the first display part 200 and the third display part
600, however, if the first electrode 7105 of the third light
emitting element 70¢ includes the transparent layer, the light
is emitted through the first display part 200 and the second
display part 300.
[0132] Intheorganic lightemitting diode display of FIG. 9,
the second electrode 7304 of the first light emitting element
70a and the first electrode 710¢ of the third light emitting
element 70¢ face each other, since the substrate 100 is bent to
dispose the second, first and third display parts 300, 200 and
600, in sequential order, in a cross-sectional view. However,
as shown in FIG. 10, the second electrode 7305 of the second
light emitting element 705 and the first electrode 710c¢ of the
third light emitting element 70¢ may face each other, since the
substrate 100 is bent to dispose the second, third and first
display part 300, 600 and 200 in sequential order, in the
cross-sectional view.
[0133] AsshowninFIG. 10, if the second electrode 7305 of
the second light emitting element 705 and the first electrode
710c of the third light emitting element 70c face each other,
the first light emitting element 70a is exposed to the outside.
Therefore, the substrate 1001s further bent at a bending region
A to seal the first light emitting element 70q. The first light
emitting element 70a may be sealed by the substrate 100 and
the sealant 400, similar to how the second and third light
emitting elements 705 and 70c are sealed.
[0134] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed exemplary embodiments, but, on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.
What is claimed is:
1. An organic light emitting diode display comprising:
a flexible substrate configured to be bent at least once;
a first display part on the flexible substrate and comprising
a plurality of first light emitting elements; and
a second display part on the flexible substrate and compris-
ing a plurality of second light emitting elements,
wherein
each of a first light emitting element and a second light
emitting element among the plurality of first and second
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light emitting elements comprises a first electrode, an
emission layer and a second electrode,

the first electrode of the first light emitting element com-
prises a transparent layer or a semi-transparent layer,

the first electrode of the second light emitting element
comprises a reflective layer, and

the second electrode of the first light emitting element and
the second light emitting element, comprises the trans-
parent layer or the semi-transparent layer.

2. The organic light emitting diode display of claim 1,

wherein:

the reflective layer comprises at least one material among
magnesium, silver, gold, calcium, lithium, chromium,
and aluminum, and alloys thereof; and

the transparent layer comprises at least one material among
indium tin oxide, indium zinc oxide, zinc oxide and
indium oxide.

3. The organic light emitting diode display of claim 2,

wherein

the flexible substrate comprises a bending region between
the first display part and the second display part, at
which the flexible substrate is configured to be bent.

4. The organic light emitting diode display of claim 3,

further comprising:

a sealant at an edge of the first display part, and

the first display part and the second display part are sealed
between the sealant and the flexible substrate in a bent
state of the organic light emitting diode display.

5. The organic light emitting diode display of claim 1,

wherein

the emission layer emits white light.

6. The organic light emitting diode display of claim 1,

further comprising:

a third display part on the flexible substrate, between the
first display part and the second display part in an unbent
state of the organic light emitting diode display, and
comprising a plurality of third light emitting elements.

7. The organic light emitting diode display of claim 6,

wherein

a third light emitting element among the plurality of third
light emitting elements is on a same surface of the flex-
ible substrate as the first light emitting element and the
second light emitting element.

8. The organic light emitting diode display of claim 7,

wherein

the third light emitting element comprises the first elec-
trode, the emission layer, and the second electrode, and

the first electrode and the second electrode of the third light
emitting element comprise the transparent layer or the
semi-transparent layer.

9. The organic light emitting diode display of claim 8,

wherein

the emission layer emits white light.

10. The organic light emitting diode display of claim 8,

wherein
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the reflective layer comprises at least one material among
magnesium, silver, gold, calcium, lithium, chromium
and aluminum, and alloys thereof, and

the transparent layer comprises one of a material among

indium tin oxide, indium zinc oxide, zinc oxide and
indium oxide.

11. The organic light emitting diode display of claim 1,
wherein

the flexible substrate comprises at least one of polyimide,

polycarbonate, polyacrylate, polyetherimide, polyether-
sulfone, polyethylene terephthalate and polyethylene
naphthalate.

12. A method of forming an organic light emitting diode
display, comprising:

providing a flexible substrate configured to be bent at least

once;

disposing a first display part and a second display part on a

same surface of the flexible substrate;

bending the flexible substrate with the first and second

display parts thereon, at a first bending region of the
flexible substrate, to dispose the first and second display
parts overlapping and facing each other; and

emitting light to outside the organic light emitting diode

display, through the first display part,

wherein

the first and second display parts comprise a plurality of

first light emitting elements and a plurality of second
light emitting elements, respectively,

each of a first light emitting element and a second light

emitting element among the plurality of first and second
light emitting elements, comprises a first electrode, an
emission layer and a second electrode,

the first electrode of the first light emitting element com-

prises a transparent layer or a semi-transparent layer,
the first electrode of the second light emitting element
comprises a reflective layer, and

the second electrode of the first light emitting element and

the second light emitting element, comprises the trans-
parent layer or the semi-transparent layer.

13. The method of claim 12, further comprising:

sealing the plurality of first light emitting elements and the

plurality of second light emitting elements between a
sealing member and the flexible substrate, in a bent state
of the organic light emitting diode display.

14. The method of claim 12, further comprising disposing
a third display part on the same surface of the flexible sub-
strate,

wherein the third display part is between the first and

second display parts in an unbent state of the organic
light emitting diode display.

15. The method of claim 14, further comprising bending
the flexible substrate with the first, second and third display
parts thereon, at the first bending region and a second bending
region of the substrate, to dispose the first, second and third
display parts overlapping and facing each other, respectively.

L S S T



THMBW(EF)

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

HAT R E (TR AGE)

patsnap

BNRKX-REETRBRAEFERS *

US20150008396A1 NI(AE)R 2015-01-08
US14/156585 RiEH 2014-01-16
ZEERAERLNA

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

[#R] &% BB A NAIJO TSUYOSHI

EBHA NAIJO, TSUYOSHI

IPCH %S HO1L51/52 HO1L51/00 HO1L27/32 HO1L51/56

CPCHkE HO1L51/5271 H01L51/56 HO1L51/0097 H01L27/32 HO1L27/3244 H01L27/326 H01L27/3267 HO1L51
/5246 HO1L51/5284 H01L2251/5338 Y02E10/549 Y02P70/521 H01L51/5212 H01L51/5234 HO1L51
/5281

£ £ 1020130079279 2013-07-05 KR

H T 3Rk US9231221

SNERaE Espacenet USPTO

HWEGR) Y

—MENAX-NER RS, SF  THER , EENELTH KX, 300 1[](]

F-ERED  ATRUEREACSESANE-RATMHE-_ERED \
UTREEREABESIBE-RETMF. SPIF-RATHNEZR
KAHPNENE-RATHNMBE-RATHEEE LR, RAEEMN \
BB, F-RARMNE-—LREBEEARREFERRF , F=

EATHNE-—BREOERFE  F-AATHNE-RATHNEZ \
BREEEARTFERR.

,_._,—\,Zl

P e I S
|


https://share-analytics.zhihuiya.com/view/4db79669-7cce-4f4e-ac93-10367616e047
https://worldwide.espacenet.com/patent/search/family/050389330/publication/US2015008396A1?q=US2015008396A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150008396%22.PGNR.&OS=DN/20150008396&RS=DN/20150008396

