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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2018-0098130,
filed on Aug. 22, 2018, in the Korean Intellectual Property
Office, and entitled: “Organic Light Emitting Display
Device and Method of Manufacturing the Same,” is incor-
porated by reference herein in its entirety.

BACKGROUND

1. Field

[0002] Embodiments relate to an organic light emitting
diode (OLED) display and a manufacturing method thereof.

2. Description of the Related Art

[0003] A display device is a device for displaying an
image, and recently, an organic light emitting diode (OLED)
has been highlighted.

[0004] The OLED display has a structure in which at least
one organic layer that includes an emission layer is disposed
between a first electrode and a second electrode.

[0005] In such an OLED display, when moisture or oxy-
gen flows into the device from the surrounding environment,
the lifetime of the device may be shortened due to oxidation
and peeling of an electrode material, the luminous efficiency
may be deteriorated, and luminescent colors may be altered.
[0006] Thus, in manufacturing of the OLED display; a
sealing process is generally carried out to prevent perme-
ation of moisture by isolating the device from the outside.
[0007] 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

[0008] Embodiments are directed to an organic light emit-
ting diode (OLED) display, including a first substrate, a
second substrate facing the first substrate, a sealing member
interposed between the first substrate and the second sub-
strate, the sealing member including a siloxane material, a
semiconductor layer on the first substrate, a planarization
layer on the semiconductor layer, and a barrier rib on the
planarization layer. The planarization layer or the barrier rib
may also include the siloxane material.

[0009] The first substrate may be divided into a display
area and a non-display area, and the sealing member may be
in the non-display area.

[0010] The sealing member may include a first sealing
member that is on a same layer as the planarization layer and
a second sealing member that is on a same layer as the
barrier rib.

[0011] The first sealing member may have a thickness
such that a top surface thereof is at about a same height as
a top surface of the planarization layer.

[0012] The second sealing member may have a thickness
such that a top surface thereof is higher than a top surface of
the barrier rib.
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[0013] A width of the sealing member may be about 5 pm
to about 300 pm, and a thickness of the sealing member may
be about 3 um to about 8 pm.

[0014] The siloxane material included in the sealing mem-
ber may include a compound represented by Chemical
Formula 1:

[Chemical Formula 1]

Y/
Si—O.
7 \Sé_
N
Si (0]
" d
NP\
/s 0 \

[0015] The first substrate and the second substrate may be
bonded to each other by a femtosecond laser.

[0016] The first substrate and the second substrate may be
bonded to each other by the femtosecond laser focused at
one end of the sealing member.

[0017] Shear strength of the first substrate and the second
substrate that are bonded to each other may be about 50 MPa
to about 200 MPa.

[0018] The OLED display may further include a pixel
electrode on the planarization layer, an organic emission
layer formed on the pixel electrode, and a common electrode
on the organic emission layer.

[0019] The first substrate or the second substrate may
include glass.
[0020] Embodiments are also directed to a method for

manufacturing an organic light emitting diode (OLED)
display, the method including forming a display element on
a first substrate, forming a sealing member that includes a
siloxane material on the first substrate, and bonding the first
substrate and a second substrate by placing the second
substrate to face the first substrate and irradiating a laser to
the sealing member.

[0021] A femtosecond laser may be used as the laser.
[0022] The first substrate may be divided into a display
area where the display element is disposed and a non-display
area, and the sealing member may be applied to the non-
display area to surround the display element.

[0023] The forming the display element on the first sub-
strate may include forming a semiconductor layer on the first
substrate, forming a gate insulation layer to cover the
semiconductor layer, and forming a planarization layer on
the gate insulation layer.

[0024] The planarization layer may include the siloxane
material, and the method may further include simultane-
ously forming a first sealing member and the planarization
layer.

[0025] The method may further include forming a barrier
rib on the planarization layer, the barrier rib also including
the siloxane material, and simultaneously forming a second
sealing member on the first sealing member with the form-
ing of the barrier rib.

[0026] The forming the display element on the first sub-
strate may include forming a semiconductor layer on the first
substrate, forming a gate insulation layer to cover the
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semiconductor layer, forming a planarization layer on the
gate insulation layer, and forming a barrier tib on the
planarization layer.

[0027] The barrier rib may also include the siloxane
material, and the method may include simultaneously form-
ing the sealing member and the barrier rib.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Features will become apparent to those of skill in
the art by describing in detail example embodiments with
reference to the attached drawings in which:

[0029] FIG. 1illustrates a top plan view of an organic light
emitting diode display device according to an example
embodiment.

[0030] FIG. 2 illustrates a cross-sectional view of FIG. 1,
taken along the line TI-I1.

[0031] FIG. 3 to FIG. 6 illustrate stages in a manufacturing
method of an organic light emitting diode display device
according to an example embodiment.

[0032] FIG. 7 to FIG. 10 illustrate stages in a manufac-
turing method of an organic light emitting diode display
device according to another example embodiment.

[0033] FIG. 11 illustrates a cross-sectional view of an
organic light emitting diode display device according to an
example embodiment.

[0034] FIG. 12 illustrates images of cross-sections of an
OLED display according to an example embodiment.
[0035] FIG. 13 illustrates cross-sectional views of bonding
of different types of substrates.

[0036] FIG. 14 illustrates a graph showing adherence of
the sealing member applied to the OLED display according
to an example embodiment.

DETAILED DESCRIPTION

[0037] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey example implementations to those skilled in the art.
In the drawing figures, the dimensions of layers and regions
may be exaggerated for clarity of illustration. Like reference
numerals refer to like elements throughout.

[0038] It will 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
element, there are no intervening elements present. Further,
throughout the specification, the word “on” means position-
ing on or below the object portion, but does not essentially
mean positioning on the upper side of the object portion
based on a gravitational direction.

[0039] In addition, unless explicitly described to the con-
trary, the word “comprise” and variations such as “com-
prises” or “comprising” will be understood to imply the
inclusion of stated elements but not the exclusion of any
other elements.

[0040] Further, in this specification, the phrase “on a
plane” means viewing a target portion from the top. and the
phrase “on a cross-section” means viewing a cross-section
formed by vertically cutting a target portion from the side.
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[0041] FIG. 1 is a top plan view of an organic light
emitting diode display according to an example embodi-
ment, and FIG. 2 is a cross-sectional view of FIG. 1, taken
along the line II-11.

[0042] Referring to FIG. 1 and FIG. 2, an organic light
emitting diode (OLED) display according to an example
embodiment includes a first substrate 100, a second sub-
strate 200, and a sealing member 300.

[0043] According to the present example embodiment, the
first substrate 100 is disposed in a lower portion of the
OLED display, and may be made of, for example, glass,
quartz, ceramic, or the like. A display element 50 that
includes an organic light emitting diode OLED may be on a
top surface of the first substrate 100.

[0044] The display element 50 is a portion that displays an
image, and may be formed of a plurality of wires, a thin film
transistor, a pixel electrode, and an OLED. The display
element 50 may be formed of one pixel that displays an
image. In another example embodiment, the display element
50 may be formed of a pixel circuit portion that includes a
plurality of wires, a thin film transistor, and a pixel electrode,
and a light emission portion.

[0045] The first substrate 100 may be divided into a
display area DA where the display element 50 is disposed
and a non-display area NDA where the display element 50
is not disposed. The non-display area NDA refers to a
portion excluding the display area DA. The non-display area
NDA may include a sealing area where the sealing member
300 is coated and an outer edge portion.

[0046] Referring to FIG. 2, the second substrate 200 is on
an upper portion of the OLED display, while facing the first
substrate 100. The second substrate 200 may be a sealing
substrate for sealing the display element 50 that includes an
organic light emitting material or the like.

[0047] The first substrate 100 and the second substrate 200
are disposed to face each other. The first substrate 100 and
the second substrate 200 may be formed in about the same
size, and edges of the first substrate 100 and edges of the
second substrate 200 may be aligned to be parallel with each
other.

[0048] The sealing member 300 is disposed between the
first substrate 100 and the second substrate 200, and is
formed in the non-display area NDA of the first substrate
100.

[0049] The sealing member 300 is formed in the non-
display area NDA to surround the display element 50. When
a plurality of display elements 50 exist in the first substrate
100, the sealing member 300 may be coated on an edge of
each of the display elements 50 to seal each of the plurality
of display elements 50. The sealing member 300 may be
coated to a width of, for example, 10 pm. In addition,
depending on locations and shapes of the display elements
50, the sealing member 300 may be coated to be variously
shaped such as a quadrangle, a circle, a hexagon, or the like.
[0050] The sealing member 300 is provided between the
first substrate 100 and the second substrate 200 to bond the
first substrate 100 and the second substrate 200 to each other
in the OLED display. The sealing member 300 may include
a siloxane material, and when a laser is irradiated thereto, the
sealing member 300 is cured to bond the substrates together
[0051] According to a comparative example, a sealing
member includes a glass material such as a frit applied to a
sealing area of the display, and a laser is irradiated to cure
the sealing member. However, when the frit was used, a



US 2020/0067014 A1

temperature and a pressure of the sealing member may be
different depending on laser irradiation locations. Therefore,
bond may result in a difference in the joining area of the
sealing member on the upper sealing substrate and the lower
substrate, such that a profile may be distorted.

[0052] In the OLED display according to an example
embodiment, a siloxane material is used, for example,
instead of using a frit as a material of the sealing member.
A laser that can cure the sealing member within a short
period of time may be used such that a bonding area of the
sealing member can be uniform, and adherence and reliabil-
ity can be improved compared to the comparative example.
[0053] Hereinafter, an OLED display where the sealing
member 300 is formed will be described in detail with
reference to the cross-sectional view of FIG. 2.

[0054] Referring to FIG. 2, an OLED display according to
an example embodiment includes the first substrate 100, the
second substrate 200, the display element 50, and the sealing
member 300. In the present example embodiment, the
display element 50 includes a semiconductor layer 120, a
gate insulation layer 130, a gate electrode 140, an interlayer
insulation layer 150, a source electrode 161, a drain elec-
trode 162, a planarization layer 170, a pixel electrode 190,
a barrier rib 180, an emission layer 191, and a common
electrode 192.

[0055] The first substrate 100 and the second substrate 200
may be formed as, for example, insulation substrates that are
made of glass, quartz, ceramic, or the like.

[0056] Abuffer layer may be on the first substrate 100, and
the buffer layer may be made of, for example, a silicon
nitride (SiNx) or a silicon oxide (SiOx). The buffer layer
may planarize the top surface and help to prevent perme-
ation of an impurity.

[0057] The semiconductor layer 120 is on the first sub-
strate 100, and may include, for example, polycrystalline
silicon, an oxide semiconductor, and amorphous silicon. For
example, the semiconductor layer 120 may include an oxide
of a material selected from a metal element such as indium
(In), zinc (Zn), gallium (Ga), tin (Sn), germanium (Ge), or
a combination thereof. The semiconductor layer 120 may be
formed by, for example, forming an amorphous silicon layer
on the first substrate 100 by using a deposition method such
as PECVD, LPCVD, or the like, crystallizing the amorphous
silicon layer, and then patterning the crystallized amorphous
silicon layer through an etching process.

[0058] The semiconductor layer 120 may be partitioned by
being doped with an impurity, and the semiconductor layer
120 may be divided into a channel region where no impurity
is doped, a source region where an impurity is doped, and a
drain region where an impurity is doped. For example, the
source region and the drain region may be formed by
ion-injection of one of an N-type impurity and a P-type
impurity.

[0059] The gate insulation layer 130 may be formed to
cover the semiconductor layer 120 and an exposed part of
the first substrate 100, and may include, for example, a
silicon nitride (SiNx) or a silicon oxide (SiOx).

[0060] The gate electrode 140 may be on the gate insula-
tion layer 130, and a film made of, for example, copper (Cu),
molybdenum (Mo), aluminum (Al), titanium (T1), or the like
may be provided as multiple layers or a single layer to form
it. The gate electrode 140 may have a width or a size that
corresponds to that of the channel region of the semicon-
ductor layer 120.

Feb. 27,2020

[0061] The interlayer insulation layer 150 may be on the
gate electrode 140, and may be formed to cover the gate
electrode 140 and the gate insulation layer 130. Like the gate
insulation layer 130, the interlayer insulation layer 150 may
include, for example, a silicon nitride (SiNx) or a silicon
oxide (SiOx).

[0062] The source electrode 161 and the drain electrode
162 may be formed on the interlayer insulation layer 150,
while penetrating the gate insulation layer 130 and the
interlayer insulation layer 150, such that the source electrode
161 and the drain electrode 162 are connected with the
source region and the drain region of the semiconductor
layer 120, while penetrating the gate insulation layer 130
and the interlayer insulation layer 150. The source electrode
161 or the drain electrode 162 may be connected with a data
line and thus may apply a data voltage to the thin film
transistor.

[0063] The gate electrode 140, the source electrode 161,
and the drain electrode 162 form a transistor, together with
the semiconductor layer 120. The shown transistor may be
a driving transistor in a pixel of the OLED display. Since the
gate electrode 140 is disposed above the semiconductor
layer 120, the illustrated transistor may be referred to as a
top-gate transistor. The structure of the transistor may be
variously changed. For example, the transistor may be
provided as a bottom-gate type of transistor where the gate
electrode is disposed below the semiconductor layer, or may
be provided as a vertical type of transistor where the source
electrode and the drain electrode overlap each other.
[0064] The planarization layer 170 may be on the inter-
layer insulation layer 150 and may cover the source elec-
trode 161 and the drain electrode 162. The planarization
layer 170 may be on the interlayer insulation layer 150, and
may cover only a side surface of a common voltage trans-
mission line 165. The planarization layer 170 may include a
siloxane material (Si—O based structure). In an example
embodiment, the siloxane material that forms the planariza-
tion layer 170 may include a compound as shown below in
Chemical Formula 1.

[Chemical Formula 1]

N,
/o P O\S\i/—
N
/Sl\o S/.O_
\Si—O/\

[0065] The pixel electrode 190 may be on the planariza-
tion layer 170. The pixel electrode 190 may be made of, for
example, a transparent conductive material such as indium-
tin oxide (ITO), indium-zinc-oxide (IZO), or the like, or a
reflective metal such as lithium (Li), calcium Ca), lithium
fluoride/aluminum (LiF/Al), aluminum (Al), silver (Ag),
magnesium (Mg), or gold (Au). The pixel electrode 190 may
be electrically connected with the drain electrode 162
through a contact hole, and may be an anode of the OLED
display.

[0066] The barrier rib 180 may be on the common voltage
transmission line 165 and the pixel electrode 190. The
barrier rib 180 may be disposed while overlapping a part of
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the common voltage transmission line 165 and the entire
pixel electrode 190, and may have an opening in a portion
that overlaps the pixel electrode 190. The opening of the
barrier rib 180 may limit a region corresponding to a pixel.
[0067] The barrier rib 180 may include a siloxane material
(8i—O based material). In an example embodiment, the
siloxane material that forms the barrier rib 180 may include
a compound as shown below in Chemical Formula 1.

[Chemical Formula 1]

N/
N /O/S O\S\{_
/Si\o S/.o_
\Si—O/\

[0068] An organic emission layer 191 may be on the pixel
electrode 190. The organic emission layer 191 may be
formed between every exposed barrier rib 180 such that the
organic emission layer 191 and the pixel electrode 190 can
be overlapped with each other.

[0069] The organic emission layer 191 may be provided as
a multilayer that includes at least one of an emission layer,
a hole injection layer (HIL), a hole transport layer (HTL), an
electron transport layer (ETL), and an electron-injection
layer (EIL). The organic emission layer 191 may include, for
example, a red organic emission layer, a green organic
emission layer, and a blue organic emission layer, and they
may be respectively provided in a red pixel, a green pixel,
and a blue pixel to realize a colored image.

[0070] The common electrode 192 may be formed to
cover the organic emission layer 191 and a part of the barrier
rib 180. The common electrode 192 may be formed of, for
example, a transparent conductive material such as indium-
tin oxide (ITO), zinc oxide (ZnO), indium oxide (In,0;), or
the like. In an example embodiment, the common electrode
192 may be formed of, for example, a reflective metal such
as lithium (Li), calcium (Ca), lithium fluoride/aluminum
(LiF/Ca), magnesium (Mg), or gold (Au). The common
electrode 192 may be a cathode of the OLED display. The
pixel electrode 190, the organic emission layer 191, and the
common electrode 192 form an organic light emitting diode
OLED.

[0071] The common electrode 192 may be connected to a
connection member 195 through a contact hole formed in
the barrier rib 180. The connection member 195 may be
connected to the common voltage transmission line 165, and
the common electrode 192 may be electrically connected to
the common voltage transmission line 165 through the
connection member 195 and receives a common voltage
from the common voltage transmission line 165.

[0072] The sealing member 300 is disposed between the
first substrate 100 and the second substrate 200, and is
formed in the non-display area NDA.

[0073] Like the planarization layer 170 or the barrier rib
180, the sealing member 300 may include a siloxane mate-
rial, and like the planarization layer 170 or the barrier rib
180, the sealing member 300 may include the same example
embodiment as shown in the following chemical formula.
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[Chemical Formula 1]

\/

O/Sl O\S{_
\Si/ \o
AL

si—o” \

~
7\

[0074] The sealing member 300 includes a first sealing
member 301 and a second sealing member 302. Since the
sealing member 300 may include the siloxane material like
the planarization layer 170 or the barrier rib 180, the first
sealing member 301 may be simultaneously formed as the
planarization layer 170 is formed, and the second sealing
member 302 may be simultaneously formed as the barrier
rib 180 is formed.

[0075] In addition, the sealing member 300 may be
formed of a single structure, and in this case, the sealing
member 300 may be simultaneously formed as the pla-
narization layer 170 is formed, or may be simultaneously
formed as the barrier rib 180 is formed.

[0076] The sealing member 300 is irradiated with a laser
and then cured, and accordingly, the first substrate 100 and
the second substrate 200 are bonded to each other. Here, a
femtosecond laser having a pulse width of within 10-15
seconds may be used.

[0077] According to example embodiments, the OLED
display uses a siloxane material as the sealing member 300,
and carries out irradiation by using the femtosecond laser
such that interface adherence between the first substrate 100
and the second substrate 200 can be improved and reliability
of excluding moisture and oxygen can be improved.
[0078] Hereinafter, referring to FIG. 3 to FIG. 11, a
method for manufacturing an OLED display where a display
element 50 and a sealing member 300 are formed will be
described in detail.

[0079] FIG. 3 to FIG. 6 are provided for description of a
method for manufacturing an OLED display according to an
example embodiment.

[0080] Referring to FIG. 4, a first substrate 100 is disposed
at a lower portion, and a patterned semiconductor layer 120
is formed on the first substrate 100. The first substrate 100
may be formed of a rigid material such as glass, quartz, or
the like.

[0081] The semiconductor layer 120 may be formed by
forming an amorphous silicon layer on the first substrate 100
by using a deposition method such as PEVCD, LPCVD, or
the like, crystallizing the amorphous silicon layer by using
excimer laser annealing (ELA), sequential lateral solidifi-
cation (SLS), metal inducted crystallization (MIC), metal
inducted lateral crystallization (MILC), or the like, and then
patterning the crystallized amorphous silicon layer through
an etching process.

[0082] The semiconductor layer 120 includes a source
region and a drain region, and a channel region that is
disposed between the source region and the drain region.
The source region and the drain region are formed by
ion-injecting one of impurities having predetermined con-
ductivity, for example, an N-type impurity or a P-type
impurity, and the channel region may not be doped with an
impurity.
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[0083] A gate insulation layer 130 is formed to cover the
semiconductor layer 120 and an exposed portion of the first
substrate 100. The gate insulation layer 130 may be made of
a silicon nitride (SiNx) or a silicon oxide (SiOx), or may
have a layered structure thereof.

[0084] A gate electrode 140 is on the gate insulation layer
130 to correspond to the channel region. An interlayer
insulation layer 150 is formed on the first substrate 100 to
cover the gate electrode 140. The interlayer insulation layer
150 may be made of a silicon nitride (SiNx) or a silicon
oxide (Si0x), or may have a layered structure thereof.

[0085] A source electrode 161 and a drain electrode 162
are respectively formed while penetrating a contact hole of
the gate insulation layer 130 and a contact hole of the
interlayer insulation layer 150 so as to be electrically con-
nected with the source region and the drain region of the
semiconductor layer 120.

[0086] Referring to FIG. 4, a planarization layer 170 is
formed to cover the source electrode 161, the drain electrode
162, and a data line. The planarization layer 170 may include
a siloxane material (Si—O based structure).

[0087] When the planarization layer 170 is formed by
using the siloxane material, a sealing member 300 may be
simultaneously formed at one side of the non-display area
NDA. Like the planarization layer 170, the sealing member
300 may be formed through one mask patterning process by
using a siloxane material.

[0088] The sealing member 300 may have a similar height
as a top surface of the planarization layer 170, which is
formed flat.

[0089] As described, in the method for manufacturing the
OLED display, the sealing member 300 is simultaneously
formed when the planarization layer 170 including the
siloxane material is patterned, thereby reducing the process
of applying a separate sealing member.

[0090] Referring to FIG. 5, a pixel electrode 190 is formed
on the planarization layer 170. The pixel electrode 190 may
be formed in a shape that covers a side surface and the top
surface of the planarization layer 170. The pixel electrode
190 may be made of a transparent conductive material or a
reflective metal. The pixel electrode 190 may have an
opening so as to be electrically connected with the drain
electrode 162 through a contact hole.

[0091] A barrier rib 180 includes an opening that exposes
the pixel electrode 190, and is formed on the pixel electrode
190.

[0092] The barrier rib 180 may be made of a siloxane
material. Simultaneously, the sealing member 300 including
the siloxane material may be formed at one side of the
non-display area NDA when the barrier rib 180 is patterned.
In this case, the sealing member 300 may be formed by
extending to the sealing member 300 already formed and to
have a height that is similar to the height of the top surface
of the barrier rib 180. In another example embodiment, the
sealing member 300 may be formed to be higher than the top
surface of the barrier rib 180 by as much as a distance
between the first substrate 100 and the second substrate 200.
Since the first substrate 100 and the second substrate 200
have a gap of about 5 the sealing member 300 may have a
height of about 5 pm.

[0093] Referring to FIG. 6, an organic emission layer 191
is formed in the opening of the barrier rib 180, and a
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common electrode 192 may be formed on a part of the
barrier rib 180 and the organic emission layer 191 to cover
the same.

[0094] The second substrate 200 is positioned to face the
first substrate 100, and the first substrate 100 and the second
substrate 200 can be bonded by irradiating a femtosecond
laser at the position where the sealing member 300 is
formed.

[0095] The femtosecond laser can transmit all infrared
(IR) wavelengths when a laser is irradiated to a material
made of glass. Therefore, due to the nonlinear multiphoton
absorption phenomenon, high energy is concentrated in a
focus area irradiated with the laser, and thus a double
material can be bonded.

[0096] The femtosecond laser matches a focus area at a
spot where the sealing member 300 and the first substrate
100 or the second substrate 200 contact each other, and
bonds the two substrates 100 and 200 by melting the sealing
member 300 within a short period of time. When the
femtosecond laser is irradiated, the sealing member 300 may
have a width of 10 pm and a height of 20 pm to bond the two
substrates. This is a value that enables both substrates to be
bonded even when only a thinner sealing member is applied
than when a frit is used according to a comparative example.
[0097] According to example embodiments; the siloxane
material is thinly coated as the sealing member 300 and the
femtosecond laser is used, and thus an area occupied by the
sealing member 300 in the substrate is reduced and a dead
space of the non-display area NDA can be reduced.

[0098] According to an example embodiment, in the
method for manufacturing the OLED display, the sealing
member 300 is simultaneously formed when the planariza-
tion layer 170 or the barrier rib 180 including the siloxane
material is patterned, thereby reducing the process of apply-
ing a separate sealing member

[0099] Hereinafter, another method for manufacturing an
OLED display where a display element 50 and a sealing
member 300 are formed will be described.

[0100] FIG. 7 to FIG. 10 are provided for description of
another manufacturing method of an OLED display accord-
ing to an example embodiment.

[0101] The manufacturing method of the OLED display
that includes a first substrate 100, a semiconductor layer
120, a gate electrode 140, a source electrode 161, a drain
electrode 162, a gate insulation layer 130, and an interlayer
insulation layer 150 shown in FIG. 7 is the same as the
OLED display of FIG. 3, and therefore the same description
will be omitted.

[0102] Referring to FIG. 8. a planarization layer 170 is
formed to cover the source electrode 161 and the drain
electrode 162. The planarization layer 170 may be formed of
a material selected from a group consisting of benzocy-
clobutene (BCB), a polyimide (PI), a polyamide (PA), an
acryl resin, and a phenol resin, which are generally-used
organic materials for a planarization layer.

[0103] Next, referring to FIG. 9, as in FIG. 5, a pixel
electrode 190 is formed on the planarization layer 170.
[0104] A barrier rib 180 may be made of a siloxane
material so as to be on the pixel electrode 190. The sealing
member 300 including the siloxane material may be simul-
taneously formed at one side of the non-display area NDA
when the barrier rib 180 is patterned. The sealing member
300 may have a similar height to that of a top surface of the
barrier rib 180. In addition, it may also be formed higher



US 2020/0067014 A1

than the top surface of the barrier rib 180 by a distance of
between the first substrate 100 and the second substrate 200.
Since the first substrate 100 and the second substrate 200
have a gap of about 5 pm, the sealing member 300 may have
a height of about 5 um.

[0105] Referring to FIG. 10, an organic emission layer 191
is formed in an opening of the barrier rib 180, and a common
electrode 192 may be formed on a part of the barrier rib 180
and an organic emission layer 191 to cover the barrier rib
180 and the organic emission layer 191.

[0106] The second substrate 200 is disposed to face the
first substrate 100, and a femtosecond laser is irradiated to
a position where the sealing member 300 is formed such that
the first substrate 100 and the second substrate 200 are
bonded to each other.

[0107] According to example embodiments, the OLED
display uses a siloxane material as the sealing member 300,
and the femtosecond laser is irradiated such that interface
adherence between the first substrate 100 and the second
substrate 200 can be improved and reliability of excluding
moisture and oxygen can be improved.

[0108] In addition, in the method for manufacturing the
OLED display, the sealing member is simultaneously
formed when the planarization layer or the barrier rib
including the siloxane material is patterned, thereby reduc-
ing the process of applying a separate sealing member.
[0109] FIG. 11 is a cross-sectional view of an OLED
display according to an example embodiment.

[0110] Specifically, FIG. 11 is provided for description of
a structure that includes a sealing member 300 formed at a
side surface of a pixel area.

[0111] Referring to FIG. 11, an OLED display according
to an example embodiment includes a first substrate 100, a
second substrate 200, a display element 50, and a sealing
member 300. Specifically, the display element 50 includes a
semiconductor layer 120, a gate insulation layer 130, a gate
electrode 140, an interlayer insulation layer 150, a source
electrode 161, a drain electrode 162, a planarization layer
170, a pixel electrode 190, a barrier rib 180, an emission
layer 191, and a common electrode 192.

[0112] The first substrate 100 and the second substrate 200
may be formed as an insulation substrate that is made of
glass, quartz, ceramic, or the like.

[0113] The semiconductor layer 120 is on the first sub-
strate 100, and may include polycrystalline silicon, an oxide
semiconductor, and amorphous silicon.

[0114] The gate insulation layer 130 is formed to cover the
semiconductor layer 120 and an exposed first substrate 100,
and may include a silicon nitride (SiNx) or a silicon oxide
(Si0x).

[0115] The gate electrode 140 is on the gate insulation
layer 130, and may be a layer made of copper (Cu),
molybdenum (Mo), aluminum (Al), titanium (T1), or the like
and formed as a multiple layer or a single layer. The gate
electrode 140 may have a width or a size that corresponds to
that of a channel region of the semiconductor layer 120.
[0116] The interlayer insulation layer 150 is on the gate
electrode 140, and covers the gate electrode 140 and the gate
insulation layer 130. Like the gate insulation layer 130, the
interlayer insulation layer 150 may include a silicon nitride
(SiNx) or a silicon oxide (SiOx).

[0117] The source electrode 161 and the drain electrode
162 are formed on the interlayer insulation layer 150, while
penetrating the gate insulation layer 130 and the interlayer
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insulation layer 150. The source electrode 161 and the drain
electrode 162 are connected with a source region and a drain
region of the semiconductor layer 120 by penetrating the
gate insulation layer 130 and the interlayer insulation layer
150.

[0118] The gate electrode 140, the source electrode 161,
and the drain electrode 162 form a transistor, together with
the semiconductor layer 120. The illustrated transistor may
be a driving transistor in a pixel of the OLED display.

[0119] The planarization layer 170 is on the interlayer
insulation layer 150, and covers the source electrode 161 and
the drain electrode 162. The planarization layer 170 may
include a siloxane material (Si—O based structure). Here, a
structure of siloxane that forms the planarization layer 170
may include an example embodiment as shown in the
following Chemical Formula 1.

[Chemical Formula 1]

N/

o i O\Si/—
\Si/ \o
7\ -

\Si—O/\

[0120] The pixel electrode 190 may be on the planariza-
tion layer 170. The pixel electrode 190 may be connected
with the drain electrode 162 through a contact hole of the
planarization layer 170. The pixel electrode 190 may be
made of a transparent conductive material such as indium-
tin oxide (ITO), indium-zinc-oxide (IZ0), or the like, or a
reflective metal such as lithium (Li), calcium (Ca), lithium
fluoride/aluminum (LiF/Al), aluminum (Al), silver (Ag),
magnesium (Mg), or gold (Au). The pixel electrode 190 is
electrically connected with the drain electrode 162 through
a contact hole, and thus may become an anode of the OLED
display.

[0121] The barrier rib 180 may be on the planarization
layer 170 and a part of the pixel electrode 190. A structure
of siloxane that forms the barrier rib 180 may include an
example embodiment as shown in the following Chemical
Formula 1.

[Chemical Formula 1]

N/

o’ i O\Si/—
\Si/ \o
AL

Ngi—o” \

[0122] An organic emission layer 191 is on the pixel
electrode 190. The organic emission layer 191 may be
disposed between barrier ribs 180 that are exposed such that
the organic emission layer 191 and the pixel electrode 190
overlap each other.
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[0123] The organic emission layer 191 may be provided as
a multilayer that includes at least one of an emission layer,
a hole injection layer (HIL), a hole transport layer (HTL), an
electron transport layer (ETL), and an electron-injection
layer (EIL). The organic emission layer 191 may include a
red organic emission layer, a green organic emission layer,
and a blue organic emission layer, and they are respectively
provided in a red pixel, a green pixel, and a blue pixel to
realize a colored image.

[0124] The common electrode 192 may be formed to
cover the organic emission layer 191 and a part of the barrier
rib 180. The common electrode 192 may be formed of, for
example, a transparent conductive material such as indium-
tin oxide (ITO), zinc oxide (ZnO), indium oxide (In,0;), or
the like. In an example embodiment, the common electrode
192 may be formed of, for example, a reflective metal such
as lithium (Li), calcium (Ca), lithium fluoride/aluminum
(LiF/Ca), magnesium (Mg), or gold (Au). The common
electrode 192 may be a cathode of the OLED display. The
pixel electrode 190, the organic emission layer 191, and the
common electrode 192 may form an organic light emitting
diode OLED.

[0125] The sealing member 300 may be disposed between
the first substrate 100 and the second substrate 200, and may
be formed in the non-display area NDA.

[0126] Like the planarization layer 170 or the barrier rib
180, the sealing member 300 may include a siloxane mate-
rial. In an example embodiment, like the planarization layer
170 or the barrier rib 180, the sealing member 300 may
include a siloxane material that includes a compound as
shown below in Chemical Formula 1.

[Chemical Formula 1]

/
\\/

O/Si—O !
\Si/ \o
/N /

N s

[0127] The sealing member 300 may include a first sealing
member 301 and a second sealing member 302. The sealing
member 300 may include the siloxane material like the
planarization layer 170 or the barrier rib 180. Thus, the first
sealing member 301 may be simultaneously formed as the
planarization layer 170 is formed, and the second sealing
member 302 may be simultaneously formed as the barrier
rib 180 is formed.

[0128] The sealing member 300 may be irradiated by a
laser and then cured, and accordingly, the first substrate 100
and the second substrate 200 may be bonded to each other.
A femtosecond laser having a pulse width of within 107
seconds may be used for the irradiation.

[0129] According to an example embodiment, the OLED
display uses a siloxane material as the sealing member 300,
and carries out irradiation by using the femtosecond laser.
Thus, interface adherence between the first substrate 100 and
the second substrate 200 may be improved, and reliability of
excluding moisture and oxygen may be improved.

[0130] FIG. 12 shows images of cross-sections of an
OLED display according to an example embodiment.
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[0131] FIG. 12 shows a first substrate 100 and a second
substrate 200 bonded to each other by a sealing member 300.
[0132] The left-side image is a cross-sectional image of a
single sealing member 300 coated on the first substrate 100
or the second substrate 200 and to which a femtosecond laser
1s irradiated to the coated sealing member 300.

[0133] The right-side image is a cross-sectional view of
the first substrate 100 and the second substrate 200 that are
bonded to each other by coating the sealing member 300 and
then irradiating the femtosecond laser to the sealing member
300.

[0134] The femtosecond laser can transmit all infrared
(IR) wavelengths when a laser is irradiated to a material
made of glass. Therefore, due to a nonlinear multiphoton
absorption phenomenon, high energy may be concentrated
in a focus area irradiated with the laser, and thus a double
material may be bonded. When the femtosecond laser is
used, the laser may be irradiated for a shorter time than the
time it takes to transfer the heat and change the structure, so
that the glass and glass or glass and silicon may be melted
and bonded without damaging the peripheral area.

[0135] In the OLED display according to the present
example embodiment, the femtosecond laser is used to bond
the first substrate 100 and the second substrate 200 to each
other, and thus as shown in the right-side image of FIG. 12,
the first substrate 100 and the second substrate 200 may be
safely bonded to each other without causing damage to the
first substrate 100 and the second substrate 200, except for
a denatured region A, which is a bonded portion where the
sealing member 300 is applied.

[0136] The femtosecond laser may be used to bond sub-
strates made of glass and glass or glass and silicon by
melting the same, and thus, referring to FI1G. 13, a figure that
shows bonding of other substrates will be described.
[0137] FIG. 13 is a cross-sectional view of bonding of
different types of substrates.

[0138] First, four images aligned in the upper side are
cross-sectional views that show a state after the sealing
member 300 is applied to the upper surface of the second
substrate 200 and the lower surface of the first substrate 100
that are respectively made of glass and irradiated with the
femtosecond laser.

[0139] When the sealing member 300 is applied with a
width of about at least 5 pm and a height of about at least 3
um, the upper and lower substrates may be bonded to each
other irrespective of the kind of glass. The width of the
sealing member 300 may be, for example, up to 300 pm and
the height may be, for example, up to 8 pm.

[0140] In addition, the two images arranged in the lower
side show a cross-sectional view illustrating a state after
coating the sealing member 300 to the upper substrate made
of glass and the lower substrate made of silicon and then
irradiating the femtosecond laser.

[0141] The femtosecond laser irradiates the sealing mem-
ber 300 that is formed with a width of within 10 pin and a
height of within 25 pm in a cross-sectional image, thereby
bonding the first substrate 100 and the second substrate 200.
[0142] FIG. 14 is a graph provided for description of
adherence of a sealing member 300 applied to an OLED
display according to an example embodiment.

[0143] Inan OLED display (e.g., arigid OLED) according
to a comparative example, a frit is applied as a sealing
member to bond upper and lower substrates and a laser is
irradiated. Here, in general, the laser has a width of within
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107 seconds. In the OLED display device where the frit is
used as the sealing member in the comparative example,
shear strength of the substrate can be measured within a
range of 10 MPa.

[0144] Specifically, a case in which the OLED display
(i.e., a rigid OLED) according to the comparative example
includes a substrate having a thickness of 0.3 T will be
described. A sealing member having a width within about
100 pum is applied to the upper and lower substrates and a
laser having a width within 107 seconds is irradiated, and
then the upper and lower substrates may have shear strength
of about 11.4 MPa.

[0145] Meanwhile, in the OLED display according to an
example embodiment, a siloxane material is applied as the
sealing member 300 and the femtosecond laser is irradiated
such that the substrates have shear strength within a range of
100 MPa.

[0146] Specifically, a case that the OLED display accord-
ing to an example embodiment includes a substrate having
a thickness of 1.1 T or 0.5 T will now be described.
[0147] First, in the OLED display including a substrate
having a thickness of 1.1 T, the sealing member 300 with a
width of 60 pm to 120 pum is applied to the lower substrate,
and the femtosecond laser is irradiated thereto to bond the
upper substrate and the lower substrate to each other. When
the sealing member 300 is applied with a width of 60 pm, the
shear strength is 101.3 MPa, when the width is 90 um, the
shear strength is 106.9 MPa, and when the width is 120 pum,
the shear strength is 71.8 MPa. Thus, in the OLED display
including the substrate having the thickness of 1.1 T, strong
interface adherence is generated between the upper and
lower substrates when the sealing member 300 with a width
of 90 um is applied.

[0148] In the OLED display including a substrate having
a thickness of 0.5 T, the sealing member 300 with a width
of 60 pm to 120 pm is applied to the lower substrate, and the
femtosecond laser 1s irradiated thereto to bond the upper
substrate and the lower substrate to each other. When the
sealing member 300 is applied with a width of 60 um is
applied, shear strength is 112.7 MPa, when the width is 90
um, the shear strength is 80.1 MPa, and when the width is
120 pum, the shear strength is 68.9 MPa. Thus, in the OLED
display including the substrate having the thickness 0of 0.5 T,
strong interface adherence is generated between the upper
and lower substrates when the sealing member 300 with a
width of 60 um is applied.

[0149] Aliquid crystal display (LCD) according to another
comparative example includes a substrate having a thickness
of 0.5 T. In this case, a one drop filling (ODF) sealing
member is applied with a width of within 150 pm to bond the
upper and lower substrates, but the upper and lower sub-
strates have low shear strength at 6 MPa. The OLED display
according to an example embodiment may form upper and
lower substrates with 10 times stronger interface adhesion
even when a sealing member is coated with a narrower width
in a substrate having the same thickness as the LCD accord-
ing to the comparative example.

[0150] As described above, embodiments relate to an
OLED display of which an upper substrate and a lower
substrate are bonded to each other by a sealing member, and
a manufacturing method thereof.

[0151] Example embodiments relate to an organic light
emitting diode (OLED) display including a sealing member
that may improve interface bonding between an upper
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substrate and a lower substrate and improve reliability of
excluding moisture and oxygen, and a method for manufac-
turing the same.

[0152] An OLED display according to an example
embodiment may improve the interfacial adhesion between
the upper and lower substrates, and may use the siloxane
material as the sealing member and the femtosecond laser,
and may improve the reliability of excluding moisture and
oxygen.

[0153] According to an example embodiment, the siloxane
material may be thinly applied to the substrate as the sealing
member. Thus, an area occupied by the sealing member in
the substrate may be reduced and a dead space of the
non-display area may be reduced.

[0154] According to an example embodiment, in a method
for manufacturing the OLED display, the sealing member
may be simultaneously formed when the planarization layer
or the barrier rib that includes the siloxane material is
formed, thereby reducing or avoiding a process for applying
an additional sealing member.

DESCRIPTION OF SYMBOLS

[0155] 50: display element
[0156] 100: first substrate
[0157] 120: semiconductor layer
[0158] 130: gate insulation layer
[0159] 140: gate electrode
[0160] 150: interlayer insulation layer
[0161] 161: source electrode
[0162] 162: drain electrode
[0163] 170: planarization layer
[0164] 180: barrier rib
[0165] 190: pixel electrode
[0166] 191: organic emission layer
[0167] 192: common electrode
[0168] 200: second substrate
[0169] 300: sealing member
[0170] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope of
the present invention as set forth in the following claims.
What is claimed is:
1. An organic light emitting diode (OLED) display, com-
prising:
a first substrate;
a second substrate facing the first substrate;
a sealing member interposed between the first substrate
and the second substrate, the sealing member including
a siloxane material;
a semiconductor layer on the first substrate;
a planarization layer on the semiconductor layer; and
a barrier rib on the planarization layer,
wherein the planarization layer or the barrier rib also
includes the siloxane material.
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2. The OLED display as claimed in claim 1, wherein the
first substrate is divided into a display area and a non-display
area, and the sealing member is in the non-display area.

3. The OLED display as claimed in claim 1, wherein the
sealing member includes a first sealing member that is on a
same layer as the planarization layer and a second sealing
member that is on a same layer as the barrier rib.

4. The OLED display as claimed in claim 3, wherein the
first sealing member has a thickness such that a top surface
thereof is at about a same height as a top surface of the
planarization layer.

5. The OLED display as claimed in claim 3, wherein the
second sealing member has a thickness such that a top
surface thereof is higher than a top surface of the barrier rib.

6. The OLED display as claimed in claim 1, wherein a
width of the sealing member is about 5 um to about 300 um,
and a thickness of the sealing member is about 3 um to about
8 um.

7. The OLED display as claimed in claim 1, wherein the
siloxane material included in the sealing member includes a
compound represented by Chemical Formula 1:

[Chemical Formula 1]

o’ Ngi
\Si/ \o
A
Ngi—o” \

8. The OLED display as claimed in claim 1, wherein the
first substrate and the second substrate are bonded to each
other by a femtosecond laser.

9. The OLED display as claimed in claim 8, wherein the
first substrate and the second substrate are bonded to each
other by the femtosecond laser focused at one end of the
sealing member.

10. The OLED display as claimed in claim 8, wherein
shear strength of the first substrate and the second substrate
that are bonded to each other is about 50 MPa to about 200
MPa.

11. The OLED display as claimed in claim 1, further
comprising:

a pixel electrode on the planarization layer;

an organic emission layer formed on the pixel electrode;

and

a common electrode on the organic emission layer.
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12. The OLED display as claimed in claim 1, wherein the
first substrate or the second substrate includes glass.

13. A method for manufacturing an organic light emitting
diode (OLED) display, the method comprising:

forming a display element on a first substrate;

forming a sealing member that includes a siloxane mate-

rial on the first substrate; and

bonding the first substrate and a second substrate by

placing the second substrate to face the first substrate
and irradiating a laser to the sealing member.

14. The method for manufacturing the OLED display as
claimed in claim 13, wherein a femtosecond laser is used as
the laser.

15. The method for manufacturing the OLED display as
claimed in claim 13, wherein the first substrate is divided
into a display area where the display element is disposed and
a non-display area, and the sealing member is applied to the
non-display area to surround the display element.

16. The method for manufacturing the OLED display as
claimed in claim 13, wherein the forming the display ele-
ment on the first substrate includes:

forming a semiconductor layer on the first substrate;

forming a gate insulation layer to cover the semiconductor

layer; and

forming a planarization layer on the gate insulation layer.

17. The method for manufacturing the OLED display as
claimed in claim 16, wherein the planarization layer
includes the siloxane material, and the method further com-
prises simultaneously forming a first sealing member and the
planarization layer.

18. The method for manufacturing the OLED display as
claimed in claim 17, further comprising:

forming a barrier rib on the planarization layer, the barrier

rib also including the siloxane material; and
simultaneously forming a second sealing member on the
first sealing member with the forming of the barrier rib.

19. The method for manufacturing the OLED display as
claimed in claim 13, wherein the forming the display ele-
ment on the first substrate includes:

forming a semiconductor layer on the first substrate;

forming a gate insulation layer to cover the semiconductor

layer;

forming a planarization layer on the gate insulation layer;

and

forming a barrier rib on the planarization layer.

20. The method for manufacturing the OLED display as
claimed in ¢laim 19, wherein the barrier rib also includes the
siloxane material, and

the method comprises simultaneously forming the sealing

member and the barrier rib.

L S S T



patsnap

TREMOF) BMAXREREBRAEGESZE
[F(2E)F US20200067014A1 [ (r&)B 2020-02-27
RiES US16/443202 B H 2019-06-17

FRIFB(EMNPAGE) ZEERERLT
i (E R AGR) = EDISPLAY CO., LTD.
LETERIB(ERR)A(E) = EDISPLAY CO. , LTD.

[FRIRBAA PARK GWUI HYUN
HONG PIL SOON
PARK CHUL WON
PARK JEONG MIN
SON HYUN JIN

REBAA PARK, GWUI-HYUN
HONG, PIL SOON
PARK, CHUL WON
PARK, JEONG MIN

SON, HYUN JIN
IPCH S HO1L51/52 HO1L27/32 HO1L51/00 C09J11/06 CO7F7/08
CPCH¥%S C09J11/06 HO1L51/0094 HO1L27/3258 CO7F7/0838 H01L2227/323 H01L27/3246 HO1L51/5246

HO1L27/3244 HO1L51/5237 HO1L51/56 HO1L27/3276

£ £ 1020180098130 2018-08-22 KR

SNEBEEE Espacenet USPTO

BE(E) J@A
BNEX=IRE (OLED ) ER[FEFEFE—EiR , AFNFE—EHRNE—E i 1%? ?9\0 19\} 1592

W, EFFE—ERNF-ERZENZEHEH  ZEREHEEIREESR ; | v /’
MR EE—ERENESEE, (SEELLHNFRACEMFERLEL / / / ‘/ /
' \

BOFRRAD. FIE(LE SRR E T EEEE R, (i

DA D4


https://share-analytics.zhihuiya.com/view/54bcbd81-bd65-4a61-afd9-b834f07ed280
https://worldwide.espacenet.com/patent/search/family/069583712/publication/US2020067014A1?q=US2020067014A1
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=%2220200067014%22.PGNR.&OS=DN/20200067014&RS=DN/20200067014

