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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2015-0190213, filed on Dec. 30,
2015, which is hereby incorporated by reference as if fully
set forth herein.

BACKGROUND
[0002] Field of the Invention
[0003] The present invention relates to a display device,

and more particularly, to an organic light emitting display
device and a method of manufacturing the same.

[0004] Discussion of the Related Art

[0005] As examples of flat display devices, there are a
liquid crystal display device (LCD), an organic light emit-
ting display (OLED) device, a plasma display panel (PDP)
device, a quantum dot display device, a field emission
display (FED) device, an electrophoretic display (EPD)
device, etc. Each of these flat display devices includes a flat
display panel for displaying an image in which a pair of
transparent insulating substrates facing each other is bonded
to each other, with an intrinsic light emitting layer, a
polarizing layer, or other optical material layers interposed
therebetween.

[0006] Recently, various demands for a flat display device
having low spatial occupation have increased as the size of
display devices has increased. Further, there is a need for a
flexible type flat display device. Particularly, a separate light
source is omitted at the organic light emitting display device
because the organic light emitting display device is self-
luminous. Therefore, the organic light emitting display
device may be used as a flexible display device.

[0007] However, the organic light emitting display device
uses a metallic mask having an opening corresponding to a
deposition part upon deposition of an organic material.
When the metallic mask is in contact with a bank defining
pixels, bank deflection of particles may occur. To this end,
a spacer is formed on the bank such that a surface of the
metallic mask does not directly contact with the bank.
[0008] However, the flexible organic light emitting display
device is subject to repeated folding and unfolding motions.
But, when the spacer is provided, there are defects caused by
the spacer during folding motions.

SUMMARY

[0009] Accordingly, the present invention is directed to a
an organic light emitting display device and a method of
manufacturing the same that substantially obviates one or
more problems due to limitations and disadvantages of the
related art.

[0010] An object of the present invention is to provide an
organic light emitting display device in which a shape of a
spacer on a bank is changed to prevent a metallic mask from
directly affecting a pixel area upon deposition of an organic
material and a contact area between the spacer and the
metallic mask is adjusted to prevent defects due to particles,
and a method of manufacturing the same.

[0011] Additional features and advantages of the invention
will be set forth in the description that follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. The objectives and other advan-
tages of the invention will be realized and attained by the
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structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.
[0012] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described herein, an organic light emitting
display device comprises a substrate including a plurality of
pixels defined thereon; a first electrode disposed at each
pixel; a bank exposing the first electrode of each pixel; a
spacer including, sequentially on the bank, a first layer of a
first negative photoreactive acryl and a second layer of a
second negative photoreactive acryl having a greater pho-
toreactivity than a photoreactivity of the first negative pho-
toreactive acryl, wherein the first layer has a negative taper
and the second layer has a positive taper; an organic layer on
the bank and the first electrode, the organic layer including
an organic light emitting layer; and a second electrode
disposed on the bank, the spacer, and the organic layer.
[0013] In another aspect, a method of manufacturing an
organic light emitting display device comprises providing a
substrate including a plurality of pixels defined thereon;
forming a first electrode at each pixel; forming a bank
exposing the first electrode of each pixel; sequentially
depositing, on the bank, a first layer of a first negative
photoreactive acryl and a second layer of a second negative
photoreactive acryl having a greater photoreactivity than a
photoreactivity of the first negative photoreactive acryl;
forming a spacer including the first layer having a negative
taper and the second layer having a positive taper by
applying a mask over the second layer, the mask having an
open portion to open a predetermined portion of the bank;
forming an organic layer including an organic light emitting
layer on the bank and the first electrode; and forming a
second electrode on the bank, the spacer, and the organic
layer.

[0014] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0016] FIG. 1 is a plan view of an organic light emitting
display device in accordance with an embodiment of the
present invention;

[0017] FIG. 2 is a cross-sectional view of FIG. 1;

[0018] FIG. 3 is a cross-sectional view illustrating an
organic light emitting display device in accordance with an
embodiment of the present invention in detail;

[0019] FIG. 4 is a cross-sectional view illustrating a bank
and a spacer of an organic light emitting display device in
accordance with an embodiment of the present invention;
[0020] FIG. 51is a cross-sectional view illustrating a mate-
rial and a mask used to form the spacer of FIG. 4;

[0021] FIGS. 6A and 6B are cross-sectional views illus-
trating the photoreactivity of the first and second layers
constituting the spacer with respect to the same mask upon
formation of the spacer of an embodiment of the present
invention;
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[0022] FIGS. 7A to 7C are cross-sectional views illustrat-
ing a method of manufacturing the spacer of an embodiment
of the present invention; and

[0023] FIG. 8 is a flowchart of the organic light emitting
display device in accordance with an embodiment of the
present invention.

DETAILED DESCRIPTION

[0024] Reference will now be made in detail to embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts. It will be paid attention that
detailed description of known arts will be omitted if it is
determined that the arts can mislead the embodiments of the
invention. Names of components used in the following
description may be selected in consideration of facility of
specification preparation. Thus, the names of the compo-
nents may be different from names of components used in a
real product.

[0025] FIG. 1 is a plan view illustrating an organic light
emitting display device in accordance with an embodiment
of the present invention. FIG. 2 is a cross-sectional view of
FIG. 1. FIG. 3 is a cross-sectional view illustrating the
organic light emitting display device in detail.

[0026] As illustrated in FIGS. 1 and 2, the organic light
emitting display device may include a substrate 100 having
aplurality of pixels arranged in a matrix, a first electrode 121
disposed at each pixel, a bank 122 exposing the first elec-
trode 121, a spacer 125 including a first layer 125a formed
of a first photoreactive negative photo acryl while having a
negative tapered shape and a second layer 1255 formed of a
second photoreactive negative photo acryl having greater
photoreactivity than photoreactivity of the first layer 1254
while having a positive tapered shape, which are sequen-
tially stacked on the bank 122. Organic layers 123a, 1235,
and 123¢ formed on the bank 122 and the first electrode 121.
Each organic layer includes an organic light emitting layer.
A second electrode 124 is disposed on the bank 122, the
spacer 125, and the organic layers 1234, 1235, and 123c.
[0027] The pixels illustrated in FIG. 1 are arranged on a
plane in a diagonal direction. The organic layers 123a, 1235,
and 123c¢ in each of the pixels have different shapes with
respect to colors. As luminous efficacy of the organic layers
123a, 1235, and 123¢ are decreased, sizes of the organic
layers 123a, 1235, and 123¢ are increased. For example, the
organic layer 123¢ having the largest rthombus shape is a
blue light emitting layer. The organic layer 123¢ having a
smaller rhombus shape than the organic layer 123c¢ is a red
light emitting layer. The organic layer 1236 extending in a
horizontal direction is a green light emitting layer. Herein,
the green light emitting layer 1235 has a parallelogram
shape. However, it may usually be desired to have a rhom-
bus shape similar to the red light emitting layer 123a.
Meanwhile, when the pixels are arranged in a diagonal
direction and the spacer 125 is in contact with a deposition
mask upon deposition of an organic material, a kind of
symmetric force is applied to the entire panel, thereby
preventing particles that are concentrated in a specific part
and uniformizing luminance distribution.

[0028] Herein, each pixel includes an organic light emit-
ting diode (OLED) including a first electrode 121, an
organic layer 123 including an organic light emitting layer,
and a second electrode 124. Each pixel includes a circuit
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configuration including at least two thin film transistors and
at least one capacitor for separately driving each organic
light emitting display.

[0029] In addition, the circuit configuration of each pixel
is referred to as a thin film transistor array 110. As illustrated
in FIG. 3, the thin film transistor array 110 is arranged below
the organic light emitting display. Namely, a TFT buffer
layer 105 is disposed on the substrate 100. The thin film
transistor array 110 includes a gate line and a data line that
intersect each other to divide the pixels, and at least two thin
film transistors TFT at each pixel.

[0030] A thin film transistor TFT in the pixel of the thin
film transistor array 110 includes an active layer 111 on the
TFT buffer layer 105, a gate insulating layer 112 formed on
the TFT buffer layer 105 to cover the active layer 111, a gate
electrode 113 overlapping with the active layer 111, an
interlayer insulating layer 114 formed on the gate electrode
113 and the gate insulating layer 112, and a source electrode
1154 and a drain electrode 1155 passing through the inter-
layer insulating layer 114 and the gate insulating layer 112
to contact both sides of the active layer 112. Herein, the gate
electrode 113 may be disposed at the same level as the gate
line. The source electrode 1154 and the drain electrode 11556
may be disposed at the same level as the data line. In a
peripheral region of the thin film transistor array 110, pad
electrodes for the gate line and the data line and second
electrode pad electrode for the second electrode of an
organic light emitting display array 120 are provided to be
grounded or to allow a certain voltage to be applied thereto.
[0031] Furthermore, the organic light emitting display
OLED disposed at each sub-pixel of the organic light
emitting display array 120 includes a first electrode 121
connected to the drain electrode 1155, the organic layer 123
including the organic light emitting layer formed in the bank
122 defining a light emitting region, and a second electrode
124 covering the organic layer 123.

[0032] Herein, the spacer 125 is disposed on the bank 122.
In a deposition process of the organic light emitting material,
the spacer 125 prevents the deposition mask formed of
metallic elements while having a certain opening from
directly being in contact with the bank 122. Thus, collapse
of the bank 122 defining the light emitting region may be
prevented.

[0033] FIG. 4 is a cross-sectional view illustrating the
bank and the spacer of the organic light emitting display
device in accordance with an embodiment of the present
invention.

[0034] As illustrated in FIG. 4, the spacer 125 on the bank
is formed having a bi-level structure. The first layer 1254 of
a lower part of the spacer 125 is formed of a first photore-
active negative photo acryl while having a negative tapered
shape. In addition, the second layer 1255 of an upper part of
the spacer 125 is formed of a second photoreactive negative
photo acryl having a greater photoreactivity than a photo-
reactivity of the first layer 1254 while having a positive
tapered shape. The first and second layers 125a and 1255 are
defined to have different shapes by one exposure because of
different photoreactivity. Furthermore, because the first and
second layers 125a and 1255 are formed of negative photo
acryl, a part receiving light remains. An edge part of one of
the first and second layers 1254 and 1255 is has a different
shape than an edge part of the other one of the first and
second layers 1254 and 1255 due to different profiles of light
exposure.
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[0035] Meanwhile, the first electrode 121 is a reflective
electrode, and the second electrode 124 is a transparent
electrode. When external light is incident, external light
passes through the organic light display OLED and is
reflected at the first electrode 121. Upon reflection, external
light passes through the transparent second electrode 124. In
addition, an encapsulating layer 140 is formed on the
organic light emitting display array 120 to cover an upper
part and a side part of the organic light emitting display
OLED.

[0036] A polarizing plate is formed at an outermost layer
of the organic light emitting display device to prevent
visibility of external light. For example, as illustrated, an
organic light emitting display device is used as the display
device. However, another panel may adhere to an upper part
of the encapsulating layer 140 in which a separate adhesion
layer is interposed between another panel and the encapsu-
lating layer 140. For example, a touch sensing array panel
may be used as the adhered panel. In this case, the polarizing
plate is included in the touch sensing array panel or is
included at the outermost touch sensing array panel.
[0037] Meanwhile, the substrate 100 may include at least
one polymeric compound selected from a group consisting
of polyester or a copolymer including polyester, polyimide
or a copolymer including polyimide, an olefin copolymer,
polyacrylic acid or a copolymer including polyacrylic acid,
polystyrene or a copolymer including polystyrene, polysul-
fate or a copolymer including polysulfate, polycarbonate or
a copolymer including polycarbonate, polyamic acid or a
copolymer including polyamic acid, polyamine or a copo-
lymer including polyamine, polyvinyl alcohol, and poly
(allyamine). A thickness of the substrate 100 may be 5 um
to 100 um. This allows the organic light emitting display
device to be folded and to be flexible. When the touch
sensing array panel is added, the touch sensing array panel
may be formed of the same material as the substrate 100 or
be formed of a material similar to the substrate 100. Fur-
thermore, in a top emission configuration, the substrate 100
may use a colored material.

[0038] Meanwhile, as illustrated, the organic layers 123
including the organic light emitting layers may be spaced
from one another in each pixel with respect to the spacer
125. Particularly, in the organic layers 123, the organic light
emitting layers between the first and second electrodes 121
and 124 are spaced from each other with respect to the pixels
to prevent color mixing and to independently drive color
with respect to the pixels. The organic layer 123 may be
formed by the same deposition mask as the organic light
emitting layer. Alternatively, the organic light emitting layer
may use the deposition mask and the remaining organic
layer may be entirely deposited without the deposition mask.
However, in any case, when the spacer 125 has the negative
tapered lower part and the positive tapered upper part, and
the organic layer 123 is deposited, there is interference
between an opening of the deposition mask and the edge part
of the spacer 125. Although the organic material corresponds
to the edge part of the spacer 125, the first layer 125a of the
spacer 125 has a negative tapered shape such that the organic
materials may be accumulated at the negative tapered first
layer 1254 and may be spaced with respect to the pixels.
Thus, color mixing due to overlapping of the organic light
emitting materials between the pixels may be prevented.
[0039] Furthermore, because the second layer 1255, which
is the upper layer of the spacer 125, has a positive tapered
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shape, when the deposition mask of the organic material is
in contact with a surface of the second layer 125b, the
contact area is small. Therefore, particles generated at the
contact area may be significantly reduced and the organic
layer 123 including the organic light emitting layer adjacent
to the first layer 1254 may be protected.

[0040] In addition, because the spacer 125 has a bi-level
structure, when an external force is applied, such as when
the device is folded, the force is dispersed by a forming unit
of the spacer 125. Thus, the device has an increased toler-
ance to folding. As a result, lighting defects due to repeated
folding and unfolding motions may be prevented.

[0041] Furthermore, because the second layer 1256 dis-
posed at the upper part of the spacer 125 has a positive
tapered shape and the first layer 125a disposed at the lower
part of the spacer 125 has a negative tapered shape, the
organic material is separated between the first and second
layers 125a and 1256 even after deposition of the organic
material. At the same time, an inside of the negative tapered
first layer 1254 has high adhesion of the organic material,
thereby being stable upon repeated folding and unfolding
motions functioning as external force. That is, when the
organic material is entirely deposited and folding motions
are performed, detachment of the organic material occurs at
a part to which external force is locally applied and detach-
ment is spread. However, because the organic layers includ-
ing each organic light emitting layer are separately disposed
at the inside of the negative tapered first layer 1254 such that
detachment of a part of the organic material does not affect
the entire panel. Accordingly, as adhesion of the organic
material for each pixel is increased, the organic light emit-
ting display device is stable in spite of repeated folding and
unfolding motions.

[0042] Meanwhile, as illustrated, the pixels may be
arranged in a diagonal direction of the substrate. Further-
more, each pixel may have a rhombus shape. The pixels may
have different sizes with respect to the colors of the organic
light emitting layers.

[0043] The sizes of the light emitting layers may be
variable according to luminous efficacy. The organic light
emitting layer having low luminous efficacy is formed to be
a large pixel and the organic light emitting layer having high
luminance efficacy is formed to be a small pixel. The size of
each organic light emitting layer may be determined by the
bank.

[0044] Hereinafter, a method of manufacturing the organic
light emitting display device will be explained.

[0045] FIG. 51is a cross-sectional view illustrating a mate-
rial and a mask used to form the spacer of FIG. 4. FIGS. 6A
and 6B are cross-sectional views illustrating photoreactivity
of the first and second layers constituting the spacer with
respect to the same mask upon formation of the spacer of an
embodiment of the present invention. FIGS. 7A to 7C are
cross-sectional views illustrating a method of manufacturing
the spacer in accordance with an embodiment of the present
invention.

[0046] As illustrated in FIGS. 5 and 7A, first, a first layer
1251 formed of a first photoreactive negative photo acryl
and a second layer 1252 formed of a second photoreactive
negative photo acryl having greater photoreactivity than the
first layer 1251 are sequentially deposited on the bank 122.
[0047] Then, as illustrated in FIG. 7B, the negative
tapered first layer 1254 and the positive tapered second layer
1255 on the first layer 125a are simultaneously formed using
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a mask 1300 having an opening 1300a exposing a certain
part on the bank 122 while being disposed above the second
layer 1252, thereby forming the spacer 125.

[0048] Herein, when there is the opening 13004 of the
general mask 1300, exposure is performed through the
opening 1300q. Intensity of light passing through a central
part of the opening 13004 is high and intensity of light
passing through an edge part of the opening 1300q is low.
Thus, a photoresist material corresponding to the opening
13004 of the mask 1300 is exposed. A final pattern shape is
variable according to photoreactivity of the photoresist
material,

[0049] When the spacer is manufactured, a negative pho-
toresist material where an exposed part remains is used for
the first and second layers 1251 and 1252. As illustrated in
FIGS. 5A and 5B, the first layer 1251 is formed of a low
photoreactive negative photoresist material and the second
layer 1252 is formed of a high photoreactive negative
photoresist material such that the first and second layers
1251 and 1252 may have different tapered shapes after
exposure. That is, the lower first layer 1251 has a negative
tapered shape after exposure and the upper second layer
1252 has a positive tapered shape after exposure such that
stress may be reduced upon folding motions and the defects
due to the particles may be prevented upon deposition of the
organic material because a contact area between the spacer
and the deposition mask is reduced.

[0050] Particularly, the negative photoresist material of
the spacer 125 may include negative photo acryl. For
example, the high photoreactive second layer 1252 may use
HDN-300 and the low photoreactive first layer 1251 may
use ZPN-2464.

[0051] After exposure, as illustrated in FIG. 6C, the first
and second layers 1251 and 1252 are patterned such that the
first and second layers 125¢ and 125b have a negative
tapered shape and a positive tapered shape, respectively. The
spacer 125 includes the first and second layers 1254 and
1256.

[0052] FIG. 8 is a flowchart illustrating a method of
manufacturing the organic light emitting display device in
accordance of an embodiment of the present invention. With
reference to FIGS. 3 and 8, the method of manufacturing the
organic light emitting display device will be explained.
[0053] First, the substrate 100 having a flexible material is
formed on a glass substrate (not shown). The thin film
transistor array 110 including at least two thin film transis-
tors and at least one capacitor as illustrated in F1G. 3 at each
of the plural pixels that are arranged in a matrix is formed
(S100).

[0054] Then, the first electrode 121 connected to a driving
thin film transistor disposed at each pixel of the thin film
transistor array 110 is formed (S110). Sequentially, the bank
122 defining a formation area of the organic light emitting
layer is formed at a boundary of each pixel (S120).

[0055] As illustrated in FIG. 6A, the first layer 1251
formed of the first photoreactive negative photo acryl and
the second layer 1252 formed of the second photoreactive
negative photo acryl having greater photoreactivity than the
first layer 1251 are sequentially deposited on the bank 122
(S130).

[0056] As illustrated in FIG. 6B, the mask having the
opening exposing the certain portion of the second layer
1252 corresponding to the bank 122 is disposed above the
second layer 1252. As illustrated in FIG. 6C, the second

Jul. 6, 2017

layer 1252 is exposed using the mask such that the first layer
1254 having the negative tapered shape and the second layer
1256 having the positive tapered shape on the first layer
125q are simultaneously formed to form the spacer 125
(5140).

[0057] Then, the organic layer 123 including the organic
light emitting layer is formed on the bank 122 and the first
electrode 121 (S150). Subsequently, the second electrode
124 is formed on the bank 122, the spacer 125 and the
organic layer 123 (8160). The encapsulating layer 140 is
formed at the entire second electrode 124 to complete a
process of the organic light emitting display device.
[0058] As described, a spacer of an organic light emitting
display device in accordance with example embodiments of
the present invention is formed with a bi-level structure
having different tapered shapes. In detail, after the materials
having different photoreactivity are deposited, one exposure
is performed to form the spacer, thereby reducing the
number of masks. Because the upper part of the spacer has
the positive tapered shape, the contact area between the
spacer and the deposition mask may be reduced, thereby
reducing the particles. At the same time, because the lower
part of the spacer has a negative tapered shape, detachment
of the organic material during repeated folding and unfold-
ing motion may be reduced.

[0059] As is apparent from the above description, accord-
ing to example embodiments of the present invention, there
are advantages such as those discussed below.

[0060] First, the shape of the spacer on the bank is
changed to prevent the metallic mask from directly affecting
the pixel area upon deposition of the organic material.
[0061] Second, the spacer has a positive tapered upper part
to reduce the contact area of the deposition mask, thereby
preventing the defects due to the particles. At the same time,
the spacer has a negative taper lower part to prevent detach-
ment of the organic material due to repeated folding and
unfolding motion.

[0062] Third, after the negative photoresist materials hav-
ing different photoreactivity are deposited to have a bi-level
structure, one exposure is performed to form the spacer
having the bi-level structure which has different tapered
shapes. As a result, a number of masks may be reduced.
[0063] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the inventions. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. An organic light emitting display device, comprising:

a substrate including a plurality of pixels defined thereon;

a first electrode disposed at each pixel,

a bank exposing the first electrode of each pixel,

a spacer including, sequentially on the bank, a first layer
of a first negative photoreactive acryl and a second
layer of a second negative photoreactive acryl having a
greater photoreactivity than a photoreactivity of the
first negative photoreactive acryl, wherein the first
layer has a negative taper and the second layer has a
positive taper;

an organic layer on the bank and the first electrode, the
organic layer including an organic light emitting layer;
and
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a second electrode disposed on the bank, the spacer, and

the organic layer.

2. The organic light emitting display device according to
claim 1, wherein the organic layer includes a plurality of
organic light emitting layers that are respectively disposed at
each pixel to be spaced from each other with respective
spacers therebetween.

3. The organic light emitting display device according to
claim 1, wherein the pixels are arranged in a diagonal
direction on the substrate.

4. The organic light emitting display device according to
claim 3, wherein each pixel has a rhombus shape, and
wherein the pixels have sizes that differ according to colors
of the respective organic light emitting layers.

5. A method of manufacturing an organic light emitting
display device, comprising:

providing a substrate including a plurality of pixels

defined thereon;

forming a first electrode at each pixel;

forming a bank exposing the first electrode of each pixel;

sequentially depositing, on the bank, a first layer of a first
negative photoreactive acryl and a second layer of a
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second negative photoreactive acryl having a greater
photoreactivity than a photoreactivity of the first nega-
tive photoreactive acryl;

forming a spacer including the first layer having a nega-

tive taper and the second layer having a positive taper
by applying a mask over the second layer, the mask
having an open portion to open a predetermined portion
of the bank;

forming an organic layer including an organic light emit-

ting layer on the bank and the first electrode; and
forming a second electrode on the bank, the spacer, and
the organic layer.

6. The method according to claim 5, wherein the organic
layer includes a plurality of organic light emitting layers that
are respectively disposed at each pixel to be spaced from
each other with respective spacers therebetween.

7. The method according to claim 5, wherein the pixels
are arranged in a diagonal direction on the substrate.

8. The method according to claim 7, wherein each pixel
has a rhombus shape, and wherein the pixels have sizes that
differ according to colors of the respective organic light
emitting layers.
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