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(7) ABSTRACT

An organic light emitting diode (OLED) display includes a
substrate main body, a plurality of organic light emitting
elements on the substrate main body, a column spacer on the
substrate main body and between two or more of the plurality
of organic light emitting elements, and an encapsulation thin
film covering at least one of the organic light emitting ele-
ments and having regions divided by the column spacer.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2011-0057674 filed in the
Korean Intellectual Property Office on Jun. 14, 2011, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Embodiments of the present invention relate gener-
ally to an organic light emitting diode (OLED) display, and a
manufacturing method thereof.

[0004] 2. Description of Related Art

[0005] An organic light emitting diode (OLED) display has
aself-emissive characteristic, and thus, unlike a liquid crystal
display, does not require a separate light source, such as a
backlight. Therefore, the OLED display can be reduced in
thickness and weight. In addition, since the OLED display
has high quality characteristics such as low power consump-
tion, high luminance, fast reaction time, and the like, the
OLED display is drawing attention as a next generation dis-
play device for a portable electronic device.

[0006] The OLED display includes a plurality of organic
light emitting elements (organic light emitting diodes) having
a hole injection electrode, an organic emission layer, and an
electron injection electrode. Light is emitted due to energy
that is generated when excitons, which are generated by cou-
pling electrons and holes within the organic emission layer,
drop from an excited state to a ground state, whereby the
OLED display displays an image.

[0007] However, the organic emission layer sensitively
reacts to external factors, such as moisture and oxygen.
Accordingly, if the organic emission layer is exposed to mois-
ture or oxygen, the quality of the OLED display is deterio-
rated. Therefore, to protect the organic light emitting ele-
ments and to reduce or prevent the moisture or oxygen from
penetrating into the organic emission layer, an encapsulation
substrate is sealed and combined with the substrate formed
with the organic light emitting element through a sealing
process, or a thin film encapsulation layer is formed on the
organic light emitting element.

[0008] Particularly, if the thin film encapsulation layer is
used, the overall thickness of the OLED display may be
reduced when compared with an OLED display using the
encapsulation substrate. Also, the thin film encapsulation
layer may enable a more flexible display.

[0009] However, the OLED display using the thin film
encapsulation is relatively weak with regard to external
impact, and defects due to scratches may be easily generated.
[0010] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the described technology and therefore it
may contain information that does not form the prior art that
1s already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0011] An exemplary embodiment of the present invention
provides an OLED display improving mechanical integrity
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and scratch resistance while using an encapsulation thin film,
and a manufacturing method thereof.

[0012] An OLED display according to an exemplary
embodiment includes a substrate main body, a plurality of
organic light emitting elements on the substrate main body, a
column spacer on the substrate main body and between two or
more of the plurality of organic light emitting elements, and
an encapsulation thin film covering at least one of the organic
light emitting elements and having regions divided by the
column spacer.

[0013] The column spacer may have a height that is greater
than a thickness of the encapsulation thin film.

[0014] The encapsulation thin film may include a plurality
of layers.
[0015] Theencapsulation thin film may include at least one

of organic thin films and at least one of inorganic thin films
that are alternately deposited.

[0016] The organic thin film may include a polymer-based
material, and the inorganic thin film may include at least one
0f Al,0,, TiO,, 710, Si0,, AION, AIN, SiON, Si;N,, ZnO, or
Ta,O..

[0017] The organic light emitting diode (OLED) display
may further include an encapsulation substrate opposite to the
substrate main body with one of the organic light emitting
elements and the encapsulation thin film interposed therebe-
tween, and a sealant between the substrate main body and an
edge of the encapsulation substrate, the sealant bonding and
sealing the substrate main body and the encapsulation sub-
strate.

[0018] The column spacer may separate and support the
substrate main body and the encapsulation substrate.

[0019] A method of manufacturing an organic light emit-
ting diode (OLED) display according to another exemplary
embodiment includes providing a substrate main body, form-
ing a plurality of organic light emitting elements on the sub-
strate main body, forming a column spacer on the substrate
main body between two or more of the organic light emitting
elements, and forming an encapsulation thin film covering at
least one of the organic light emitting elements and having
regions divided by the column spacer.

[0020] The column spacer may have a height that is greater
than a thickness of the encapsulation thin film.

[0021] The encapsulation thin film may include a plurality
of layers.
[0022] The method may further include alternately depos-

iting the layers of the encapsulation thin film, the layers
including at least one of organic thin films and at least one of
inorganic thin films.

[0023] The organic thin film may include a polymer-based
material, and the inorganic thin film may include at least one
of Al,0,, TiO,, Zr0, Si0,, AION, AIN, SiON, Si,N,,. ZnO, or
Ta,0s5.

[0024] The method may further include depositing the
encapsulation thin film on the substrate main body using a
deposition mask comprising a shield part corresponding to
the column spacer and an opening part corresponding to the at
least one of the organic light emitting elements and a circum-
ference thereof, and gradually widening the opening part of
the deposition mask from depositing a lowest layer to depos-
iting a highest layer of the encapsulation thin film.

[0025] The method may further include forming a sealant
on or near an edge of the substrate main body, arranging an
encapsulation substrate opposite to the substrate main body
with at least one of the organic light emitting elements and the
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encapsulation thin film interposed therebetween, and harden-
ing the sealant to bond and seal the substrate main body and
the encapsulation substrate.

[0026] The column spacer may separate and support the
substrate main body and the encapsulation substrate.

[0027] According to exemplary embodiments, the organic
light emitting device may have improved mechanical integ-
rity and scratch resistance.

[0028] Also, the OLED display may be effectively manu-
factured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG.11isa cross-sectional view of an OLED display
according to an exemplary embodiment of the present inven-
tion.

[0030] FIG. 2 to FIG. 4 are cross-sectional views sequen-
tially showing a manufacturing process of the OLED display
of the embodiment shown in FIG. 1.

[0031] FIG.5isa cross-sectional view of an OLED display
according to another exemplary embodiment of the present
invention.

DETAILED DESCRIPTION

[0032] Embodiments of the present invention will be
described more fully hereinafter with reference to the accom-
panying drawings, in which exemplary embodiments of the
invention are shown. As those skilled in the art will realize,
the described embodiments may be modified in various dif-
ferent ways, all without departing from the spirit or scope of
the present invention.

[0033] Inthe various exemplary embodiments, same refer-
ence numerals are used for elements having the same con-
figuration, and will be representatively described in a first
exemplary embodiment, while in other exemplary embodi-
ments, only elements different from those of the first exem-
plary embodiment will be described.

[0034] Thedrawings are schematic and not necessarily pro-
portionally scaled.

[0035] Relative scales and ratios in the drawings may be
enlarged or reduced for the purpose of convenience of
description, and the scales shown in the drawings may be
random, and embodiments of the present invention are there-
fore not limited thereto. In addition, like reference numerals
designate like structures, elements, or parts throughout the
specification. 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 may be directly on the other
element or intervening elements may also be present.

[0036] Embodiments of the invention are described
through schematic illustrations of exemplary embodiments of
the invention. As such, embodiments of the invention may
vary from the shapes of the illustrations. Thus, embodiments
of the invention should not be construed to be limited to the
particular shapes of regions illustrated herein, but are to
include deviations in shapes that result, for example, from
manufacturing.

[0037] Hereafter, referring to FIG. 1, an organic light emit-
ting diode (OLED) display 101 according to the first exem-
plary embodiment will be described.

[0038] As shown in FIG. 1, the OLED display 101 accord-
ing to a first exemplary embodiment includes a substrate main
body 110, a plurality of organic light emitting elements 150,
an encapsulation thin film 210, and a column spacer 190.
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[0039] The substrate main body 110 may be made of vari-
ous materials, such as glass, quartz, and ceramic.

[0040] The organic light emitting elements 150 are formed
on the substrate main body 110. The organic light emitting
elements 150 emit light such that the OLED display 101
displays images.

[0041] The organic light emitting elements 150 emit light
according to a driving signal(s) of a driving circuit. Although
not shown, the driving circuit is formed with circuit elements
including a plurality of thin film transistors and capacitors.

[0042] The organic light emitting elements 150 and the
driving circuit may be formed with various structures, as will
be known to one of ordinary skill in the art.

[0043] The column spacer 190 is formed on the substrate
main body 110, and is located between a plurality of organic
light emitting elements 150.

[0044] The encapsulation thin film 210 covers and protects
the organic light emitting elements 150. The encapsulation
thin film 210 of the present embodiment may be formed with
a plurality of layers. In detail, the encapsulation thin film 210
may have a structure in which at least one of organic thin films
211 and 213 and at least one of inorganic thin films 212 and
214 are alternatively deposited. According to the present
embodiment as shown in FIG. 1, a lowest layer 211 is formed
with the organic thin film and a highest layer 214 is formed
with the inorganic thin film.

[0045] When at least one of organic thin films 211 and 213
and at least one of inorganic thin films 212 and 214 are
alternatively deposited to form the encapsulation thin film
210, respective merits and drawbacks of the organic thin films
211 and 213 and the inorganic thin films 212 and 214 may be
compensated. For example, the inorganic thin films 212 and
214 have a relative ability to transmit vapor, which may
suppress performance when compared to the organic thin
films 211 and 213, while the organic thin films 211 and 213
have a relatively better smoothing characteristic and more
effectively reduce interlayer stress compared to the inorganic
thin films 212 and 214.

[0046] The organic thin films 211 and 213 may be made of
a polymer-based material. In the present embodiment, the
polymer-based material includes at least one of an acryl-
based resin, an epoxy-based resin, a polyimide, or polyethyl-
ene.

[0047] Theinorganic thinfilms 212 and 214 may be formed
with a material including at least one of Al,O;, TiO,, ZrO,
Si0,, AION, AIN; SiON, Si;N,,, ZnO, or Ta,Os.

[0048] Also, a portion of the region of the encapsulation
thin film 210 is divided by the column spacer 190 (e.g.,
portions of the encapsulation thin film 210 corresponding to
adjacent organic light emitting elements 150 are divided by
the column spacer 190). That is, the encapsulation thin film
210 covers the organic light emitting element 150, but does
not cover the column spacer 190.

[0049] Also, the encapsulation thin film 210 is lower than
the column spacer 190. That is, the column spacer 190 is
relatively higher than the encapsulation thin film 210 to pro-
tect the encapsulation thin film 210 from an impact applied
from the outside and to suppress generation of scratches to the
encapsulation thin film 210.

[0050] By this configuration, the OLED display 101
according to the first exemplary embodiment may have
mechanical integrity and scratch resistance that is improved
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by the column spacer 190, while also having a reduced or
minimized overall thickness by using the encapsulation thin
film 210.

[0051] Next, referring to FIG. 2 to FIG. 4, a manufacturing
method of the OLED display 101 according to the first exem-
plary embodiment will be described.

[0052] Firstly, as shown in FIG. 2, a substrate main body
110 is made of a material such as glass, quartz, or ceramic.
Next, a plurality of organic light emitting elements 150 are
formed on the substrate main body 110.

[0053] Next, acolumn spacer 190 is formed between two or
more of the organic light emitting elements 150. The column
spacer 190 may be formed by patterning a photosensitive
organic material, for example, by a photo process.

[0054] Next, as shown in FIG. 3, a lowest layer 211 of the
encapsulation thin film 210 covering the organic light emit-
ting element 150 is formed on the substrate main body 110 by
using a first deposition mask 801 including a shield part 810a
and an opening part 820a.

[0055] As shown in FIG. 1, the encapsulation thin film 210
includes a plurality of organic thin films 211 and 213 and a
plurality of inorganic thin films 212 and 214 alternatively
arranged. Here, the lowest layer 211 of the encapsulation thin
film 210 may be formed with the organic thin film. However,
the first exemplary embodiment is not limited thereto.
Accordingly, the lowest layer 211 of the encapsulation thin
film 210 may be formed with the inorganic thin film, and the
encapsulation thin film 210 may even be formed with only the
inorganic thin film.

[0056] The shield part 810a of the deposition mask 801 is
located corresponding to the column spacer 190, and the
opening part 820q is located corresponding to the organic
light emitting element 150 and the circumference thereof.
[0057] As shown in FIG. 3, the opening of the deposition
mask 801 used when depositing the lowest layer 211 of the
encapsulation thin film 210 may have a same area L1 as an
area between column spacers 190. That is, the opening part
820a of the deposition mask 801 is formed to have the same
pattern as the portion of the entire area of the substrate main
body 110 that is not occupied with the column spacers 190.
[0058] Next, as shown in FIG. 4, a second layer 212 of the
encapsulation thin film 210 is deposited. The opening part
8204 of a second deposition mask 802 used when depositing
the second layer 212 has a wider area than the opening part
820a of the deposition mask 801 used when depositing the
lowest layer 211. That is, the opening part 8205 of the depo-
sition mask 802 used to deposit the second layer 212 is
formed with an area L2 that is larger than the area between the
column spacers 190 (e.g., L1 of FIG. 3). Accordingly, shield
part 8105 of FI1G. 4 is smaller than shield part 810a of FIG. 3.
[0059] As described above, the opening part 820 of the
deposition masks 801 and 802, as well as subsequent depo-
sition masks, which are used for deposition, are gradually
widened from the lowest layer 211 to the highest layer 214 of
the encapsulation thin film 210.

[0060] Ifall layers of the encapsulation thin film 210 were
to be formed by using the deposition mask 801 having the
same opening 820a, the shape of a portion where the encap-
sulation thin film 210 and the column spacer 190 contact each
other would be such that ends of the several layers of the
encapsulation thin film 210 formed on the end of the substrate
main body 110 are concentrated into one point. If this shape
is formed, the area where the encapsulation thin film 210 and
the column spacer 190 contact each other is decreased such
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that it is relatively easy for the moisture and oxygen to pen-
etrate into the interface between the encapsulation thin film
210 and the column spacers 190.

[0061] However, according to the manufacturing method of
the OLED display 101 according to exemplary embodiments
of the present invention, the area of the opening part 820a of
the deposition mask 801 is controlled according to the layer of
the encapsulation thin film 210 such that the area where the
encapsulation thin film 210 and the column spacer 190 con-
tact may be increased. Accordingly, the moisture and oxygen
penetrating into the interface between the column spacer 190
and the encapsulation thin film 210 may be further sup-
pressed.

[0062] Also, the entire thickness of the encapsulation thin
film 210 is less than the height of the column spacers 190.
Accordingly, the encapsulation thin film 210 may be pro-
tected from scratches by the column spacers 190. Also, the
OLED display 101 according to exemplary embodiments of
the present invention may compensate for deteriorated
mechanical integrity through the column spacers 190 by
using the encapsulation thin film 210.

[0063] According to a manufacturing method of embodi-
ment of the present invention, the OLED display 101 having
improved mechanical integrity and scratch resistance by the
column spacer 190 may be manufactured by using the encap-
sulation thin film 210 while reducing or minimizing the thick-
ness.

[0064] Next, a second exemplary embodiment will be
described with reference to FIG. 5.

[0065] As shown in FIG. 5, an organic light emitting diode
(OLED) display 102 according to the second exemplary
embodiment further includes an encapsulation substrate 410
arranged opposite to the substrate main body 110 via the
organic light emitting element 150 and the encapsulation thin
film 210 interposed therebetween, and a sealant 450 located
between the substrate main body 110 and the edge of the
encapsulation substrate 410, the sealant 450 bonding and
sealing the substrate main body 110 and the encapsulation
substrate 410. Here, the column spacer 190 separates, and
acts as a support between, the substrate main body 110 and
the encapsulation substrate 410.

[0066] By this configuration, the encapsulation thin film
210 may be further stably and solidly protected from external
impact or damage.

[0067] Also, the encapsulation thin film 210 is formed
inside a space sealed by the sealant 450 and the encapsulation
member 410, such that the sealant 450 may be sufficiently
formed with an epoxy-based material with a relatively low
cost. That is, compared to a sealant made of a frit material,
although the sealant 450 made of the epoxy-based material
has somewhat low vapor transmission resistance, the organic
light emitting element 150 is nonetheless protected with the
thin film encapsulation layer 210, so the frit material, which is
relatively expensive, does not need to be used for the sealant
450. Further, by using the sealant 450 made of the epoxy-
based material, the drawback of easy breaking caused by an
external impact when the sealant made of frit is used can be
avoided.

[0068] The manufacturing method of the OLED display
102 according to the second exemplary embodiment further
includes forming the sealant 450 at or near (e.g., adjacent) the
edge of the substrate main body 110, and arranging the encap-
sulation substrate 410 to be opposite to the substrate main
body 110 via the organic light emitting element 150 and the
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encapsulation thin film 210, and hardening the sealant 450 to
seal and bond the substrate main body 110 and the encapsu-
lation substrate 410 to each other, as well as the manufactur-
ing method according to the first exemplary embodiment.
[0069] While this disclosure 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 embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims, and their equivalents.

Description of Some of the Reference Numerals

101: organic light emitting diode (OLED) display
110: substrate main body

150: organic light emitting element

190: column spacer

210: encapsulation thin film

What is claimed is:

1. An organic light emitting diode (OLED) display com-

prising:

a substrate main body;

a plurality of organic light emitting elements on the sub-
strate main body;

a column spacer on the substrate main body and between
two or more of the plurality of organic light emitting
elements; and

an encapsulation thin film covering at least one of the
organic light emitting elements and having regions
divided by the column spacer.

2. The organic light emitting diode (OLED) display of

claim 1, wherein

the column spacer has a height that is greater than a thick-
ness of the encapsulation thin film.

3. The organic light emitting diode (OLED) display of

claim 1, wherein

the encapsulation thin film comprises a plurality of layers.

4. The organic light emitting diode (OLED) display of

claim 3, wherein

the encapsulation thin film comprises at least one of
organic thin films and at least one of inorganic thin films
that are alternately deposited.

5. The organic light emitting diode (OLED) display of

claim 4,

wherein the organic thin film comprises a polymer-based
material, and

wherein the inorganic thin film comprises at least one of
ALO;, TiO,, ZrO, SiO,, AION, AIN, SiON, Si;N,,
Zn0, or Ta,0s.

6. The organic light emitting diode (OLED) display of

claim 1, further comprising:

an encapsulation substrate opposite to the substrate main
body with one of the organic light emitting elements and
the encapsulation thin film interposed therebetween;
and
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a sealant between the substrate main body and an edge of
the encapsulation substrate, the sealant bonding and
sealing the substrate main body and the encapsulation
substrate.

7. The organic light emitting diode (OLED) display of

claim 6, wherein

the column spacer separates and supports the substrate
main body and the encapsulation substrate.

8. A method of manufacturing an organic light emitting

diode (OLED) display, the method comprising:

providing a substrate main body;

forming a plurality of organic light emitting elements on
the substrate main body;

forming a column spacer on the substrate main body
between two or more of the organic light emitting ele-
ments; and

forming an encapsulation thin film covering at least one of
the organic light emitting elements and having regions
divided by the column spacer.

9. The method of claim 8, wherein

the column spacer has a height that is greater than a thick-
ness of the encapsulation thin film.

10. The method of claim 8, wherein

the encapsulation thin film comprises a plurality of layers.

11. The method of claim 10 further comprising

alternately depositing the layers of the encapsulation thin
film, the layers comprising at least one of organic thin
films and at least one of inorganic thin films.

12. The method of claim 11,

wherein the organic thin film comprises a polymer-based
material, and

wherein the inorganic thin film comprises at least one of
ALQO;, TiO,, ZrO, Si0,, AION, AIN, SiON, Si;N,,
Zn0, or Ta,0O,.

13. The method of claim 10 further comprising

depositing the encapsulation thin film on the substrate
main body using a deposition mask comprising a shield
part corresponding to the column spacer and an opening
part corresponding to the at least one of the organic light
emitting elements and a circumference thereof, and

gradually widening the opening part of the deposition
mask from depositing a lowest layer to depositing a
highest layer of the encapsulation thin film.

14. The method of claim 8 further comprising:

forming a sealant on or near an edge of the substrate main
body;

arranging an encapsulation substrate opposite to the sub-
strate main body with at least one of the organic light
emitting elements and the encapsulation thin film inter-
posed therebetween; and

hardening the sealant to bond and seal the substrate main
body and the encapsulation substrate.

15. The method of claim 14, wherein

the column spacer separates and supports the substrate
main body and the encapsulation substrate.
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