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57) ABSTRACT

A method of manufacturing an organic light emitting display
apparatus is presented. The method includes providing a
device substrate on which a first electrode and a pixel defini-
tion layer covering a portion of the first electrode are formed,
forming a master substrate on which a transfer mask is pat-
terned to mirror positions of the pixel definition layer, cou-
pling the transfer mask to the pixel definition layer, forming
an organic material layer on the exposed portion of the first
electrode using the transfer mask as a protection layer, and
removing the transfer mask. The transfer mask may replace a
deposition metal mask.
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METHOD OF MANUFACTURING ORGANIC
LIGHT EMITTING DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This patent application claims priority, under 35
U.S.C. §119, to Korean Patent Application No. 10-2013-
0061827 filed on May 30, 2013, the contents of which are
hereby incorporated by reference.

BACKGROUND
[0002] 1. Field of Disclosure
[0003] The present disclosure relates to a method of manu-

facturing an organic light emitting display apparatus. More
particularly, the present disclosure relates to a method of
manufacturing an organic light emitting display apparatus
using a new type of mask instead of a metal mask when
performing an organic material deposition process.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display (OLED) displays
information, e.g., image, text, etc., using light when holes
provided from an anode electrode are combined with elec-
trons provided from a cathode electrode in an organic light
emitting layer disposed between the anode electrode and the
cathode electrode.

[0006] When the organic light emitting display is manufac-
tured, a hole injection layer, a hole transport layer, the organic
light emitting layer, an electron transport layer, and an elec-
tron injection layer are formed by a thermal deposition pro-
cess or a vacuum deposition process, which uses a metal
mask.

[0007] The metal mask is not ideal for forming a fine pat-
tern since the metal mask bends due to its own weight. In
addition, the metal mask requires a separate frame to support
its edge. Further, a separate fixing member, e.g., magnet, is
required to fix the metal mask with respect to a target sub-
strate.

SUMMARY

[0008] The present disclosure provides a method of manu-
facturing an organic light emitting display apparatus without
using a metal mask.

[0009] Embodiments of the inventive concept provide a
manufacturing method of an organic light emitting display
including preparing a device substrate on which a first elec-
trode and a pixel definition layer covering a portion of the first
electrode are formed, forming a transfer mask on a master
substrate, wherein the transfer mask is positioned to mirror
the surfaces of the pixel definition layer, coupling the transfer
mask to the pixel definition layer, forming an organic material
layer on the first electrode using the transfer mask as a pro-
tection layer, and removing the transfer mask.

[0010] The method may also entail forming of the master
substrate by forming a deposition layer on a transparent first
substrate and patterning the deposition layer to form the
transfer mask.

[0011] The coupling of the transfer mask to the pixel defi-
nition layer includes disposing the device substrate and the
master substrate such that the transfer mask faces the pixel
definition layer, and irradiating light onto the master substrate
at an upper portion of the master substrate.

Dec. 4, 2014

[0012] The transfer mask and the pixel definition layer are
coupled to each other by electrostatic attraction between the
transfer mask and the pixel definition layer.

[0013] The coupling of the transfer mask to the pixel defi-
nition layer further includes selectively removing the first
substrate.

[0014] The removing of the transfer mask includes provid-
ing a removing substrate which includes a second substrate
and an adhesive layer formed on the second substrate, attach-
ing the adhesive layer to the transfer mask, and using the
adhesive force between the adhesive layer and the transfer
mask to separate the transfer mask from the pixel definition
layer.

[0015] According to the above, the transfer mask includes a
material other than metal. Thus, the transfer mask and the
pixel definition layer are attached to each other by the elec-
trostatic attraction therebetween and no separate fixing mem-
ber is required to fix the transfer mask. In addition, since the
transfer mask is directly transferred onto the device substrate,
no separated frame is required.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and other advantages of the present dis-
closure will become readily apparent by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings, wherein:

[0017] FIG. 1 is a cross-sectional view showing a device
substrate;
[0018] FIGS. 2 to 4 are cross-sectional views showing a

method of forming a master substrate;

[0019] FIG. 5 is a cross-sectional view showing a transfer-
ring process of a transfer mask on the device substrate;
[0020] FIG. 6 is a cross-sectional view showing a deposi-
tion process of an organic layer on the device substrate on
which the transfer mask is transferred; and

[0021] FIGS. 7 and 8 are cross-sectional views showing a
removing process of the transfer mask from the device sub-
strate.

DETAILED DESCRIPTION

[0022] It will be understood that when an element or layer
is referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0023] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the present disclo-
sure.
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[0024] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper” and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0025] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the disclosure. As used herein, the singular
forms, “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
Tt will be further understood that the terms “includes’ and/or
“including”, when used in this specification, specify the pres-
ence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

[0026] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this disclosure belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0027] Hereinafter, the present disclosure will be explained
in detail with reference to the accompanying drawings.
[0028] In the present exemplary embodiment, a deposition
mask employed in a deposition device for a flat panel display
device will be described as an example of a transfer mask, but
it should not be limited thereto or thereby. A method of
manufacturing the transfer mask according to the present
disclosure may be adopted in various mask manufacturing
processes, such as a deposition mask employed in a deposi-
tion process of a semiconductor device, a photo-mask
employed in a photolithography process ofa flat panel display
or a semiconductor device, etc.

[0029] For instance, the transfer mask may be a deposition
mask used for a deposition process of positive and negative
electrodes and an organic light emitting layer of an organic
light emitting display apparatus, and the transfer mask may be
a deposition mask used for a deposition process to form a
pattern on a semiconductor wafer by a thermal deposition/e-
beam deposition method.

[0030] In addition, the transfer mask may be a photo-mask
used for an exposure process 1o transfer patterns among
manufacturing processes of a thin film transistor or a pixel
electrode of a liquid crystal display device, or the transfer
mask may be a photo-mask used for an exposure process to
transfer patterns among manufacturing processes of a semi-
conductor device.

[0031] Hereinafter, a method of manufacturing an organic
light emitting display apparatus will be described with refer-
ence to FIGS. 110 8.
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[0032] FIG. 1 is a cross-sectional view showing a device
substrate.
[0033] Referring to FIG. 1, a device substrate 100 that

includes alower substrate 110, a first electrode 120 formed on
the lower substrate 110, a pixel definition layer 130 exposing
a portion of the first electrode 120, and a first alignment key
AK1 is provided. The first electrode 120 and the pixel defi-
nition layer 130 are formed through a photolithography pro-
cess.

[0034] The lower substrate 110 may be a transparent sub-
strate, such as a glass substrate, a quartz substrate, a plastic
substrate, etc. Although not shown in figures, the lower sub-
strate 110 has a TFT structure or an oxide semiconductor
structure, may include a switching device having a source
electrode or a drain electrode, and have an insulating struc-
ture, etc.

[0035] The first electrode 120 is formed by various pro-
cesses, such as a sputtering process, an atomic layer deposi-
tion process, a vacuum deposition process, a printing process,
etc., using a transparent conductive material such as indium
tin oxide (ITO), zinc tin oxide (ZTO), indium zinc oxide
(IZ0), zinc oxide (ZnOx), tin oxide (Sn02), etc. The first
electrode 120 s electrically connected to the switching device
through the source electrode or the drain electrode.

[0036] A first deposition layer is formed on the first elec-
trode 120 and partially removed by selective exposure and
development to form the pixel definition layer 130. The first
deposition layer includes a photosensitive material such as
acrylic resin, polyimide, benzocyclobutene (BCB), etc. How-
ever, materials listed herein are not meant to be exhaustive
and the scope of the invention should not be limited thereto.
The first deposition layer may be formed of a non-photosen-
sitive organic material layer or a non-photosensitive inor-
ganic material layer according to another exemplary embodi-
ment.

[0037] The first alignment key AK1 is formed in an area
that is closer to an edge of the lower substrate 110 than to the
center of the substrate. The first alignment key AK1 may be
formed using the same material as that of the pixel definition
layer 130. In addition, the first alignment key AK1 may be
formed by the same process as the pixel definition layer 130.
The first alignment key AK1 is used for aligning the device
substrate 100 with a master substrate, as will be described
later.

[0038] FIGS. 2 to 4 are cross-sectional views showing a
method of forming the master substrate 200.

[0039] Referring to FIG. 2, afirst substrate 210 is provided.
The first substrate 210 has a size equal to or greater than that
of the device substrate 100 to cover the device substrate 100
(shown in FIG. 1) in a plan view. The first substrate 210 is a
transparent substrate, such as a glass substrate, a quartz sub-
strate, a plastic substrate, etc.

[0040] A second alignment key AK2 is formed on the first
substrate 210. The second alignment key AK2 is formed by a
photolithography process. The second alignment key AK2
has a shape that is similar to that of the first alignment key
AK1 shown in FIG. 1.

[0041] Referring to FIG. 3, a second deposition layer 220 is
formed on the first substrate 210. The second deposition layer
220 is formed of a photosensitive material, such as, acrylic
resin, polyimide, benzocyclobutene (BCB), etc., but the
inventive concept should not be limited thereto. That is, the
second deposition layer 220 may be formed of a non-photo-
sensitive organic material layer or a non-photosensitive inor-
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ganic material layer according to another exemplary embodi-
ment. The second deposition layer 220 has a thickness of
about 0.3 pm to about 100 pm.

[0042] Referring to FIG. 4, the second deposition layer 220
is partially etched to form a transfer mask TM. The transfer
mask TM is formed by patterning the second deposition layer
220 in a way that mirrors the surfaces of the pixel definition
layer 130 shown in FIG. 1. That is, the device substrate 100
may be aligned with the first substrate 210 having the transfer
mask TM formed thereon by positioning the first alignment
key AK1 in a predetermined way with respect to the second
alignment key AK2. When the first and second alignment
keys AK1, AK?2 are positioned in the predetermined way, the
transfer mask TM and the pixel definition layer 130 are over-
lapped with each other. In one embodiment, the first and
second alignment keys AK1, AK2 may be aligned so that one
alignment key is on top of the other.

[0043] The transfer mask TM includes a first surface 221
and a second surface 222. The first surface 221 is more spaced
apart from the first substrate 210 than the second surface 222
by a thickness of the transfer mask TM, and the second
surface 222 faces the first surface 221. The first surface 221 of
the transfer mask TM has substantially the same shape and
size as an upper surface of a corresponding pixel definition
layer 130 (shown in FIG. 1). The first surface 221 has a size
greater than that of the second surface 222. That is, the trans-
fer mask TM has a trapezoid shape when viewed in a cross-
sectional view, as shown in FIG. 4. The transfer mask TM
may be formed by a wet-etching process.

[0044]

[0045] FIG. 5 is a cross-sectional view showing a transfer-
ring process of the transfer mask on the device substrate.

[0046] Referring to FIG. 5, the master substrate 200 manu-
factured by the manufacturing processes described with ref-
erence to FIGS. 2 to 4 is disposed or laminated on an upper
portion of the device substrate 100 such that the transfer mask
TM substantially faces the pixel definition layer 130 of the
device substrate 100. In some embodiments, the transfer
mask TM contacts the pixel definition layer 130. The first and
second alignment keys AK1 and AK2 being aligned with each
other results in the first surface 221 of the transfer mask TM
being aligned with an upper surface 131 of the pixel definition
layer 130. The first surface 221 of the transfer mask TM being
aligned with the upper surface 131 of the pixel definition layer
130 results in the surfaces of the two contact surfaces being
matched.

[0047] Then, a laser beam is irradiated on an upper portion
of the master substrate 200 to transfer the transfer mask TM
onto the pixel definition layer 130 (see FIG. 5). When the laser
beam reaches the transfer mask TM after passing through the
first substrate 210, the transfer mask TM is separated from the
first substrate 210. The transfer mask TM and the pixel defi-
nition layer 130 may be attached to each other by electrostatic
attraction. After that, the first substrate 210 is removed.

[0048] FIG. 6 is a cross-sectional view showing a deposi-
tion process of an organic layer on the device substrate on
which the transfer mask is transferred.

[0049] Referring to FIG. 6, an organic material layer 230 is
deposited on the exposed portion of the first electrode 120
between the transfer masks TM. The organic material layer
230 is formed by a vacuum deposition process or a thermal
deposition process. When the organic material is deposited on

Thus, the master substrate 200 is manufactured.
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the transfer mask TM, the organic material layer 230 is
formed on the portion of the first electrode 120 between the
transfer masks TM.

[0050] The organic material layer 230 may be formed in
plural layers by performing multiple deposition processes.
Although not shown in the figures, the organic material layer
230 is formed into at least two of a hole injection layer, a hole
transport layer, an organic light emitting layer, an electron
transport layer, and an electron injection layer. If the organic
material layer 230 includes the hole injection layer and the
hole transport layer, the transfer mask TM serves as a depo-
sition mask to form both the hole injection layer and the hole
transport layer. In general, one deposition material is depos-
ited using one deposition mask in each deposition chamber
during a deposition process. That is, the hole injection layer
would be deposited on a device substrate using one deposition
mask in one chamber. Then, the device substrate moves to
another chamber, and the hole transport layer is deposited on
the device substrate using another deposition mask in another
chamber. In contrast, the transfer mask TM according to the
present exemplary embodiment serves as the deposition mask
in different stages of the deposition process. The organic
material is deposited on the device substrate 100 that has the
transfer mask TM thereon while the device substrate 100
moves between different chambers. Therefore, no additional
deposition mask is required in each deposition process.
[0051] FIGS. 7 and 8 are cross-sectional views showing a
removing process of the transfer mask from the device sub-
strate.

[0052] Referring to FIG. 7, a removing substrate 300 is
provided. The removing substrate 300 includes a second sub-
strate 310 and an adhesive layer 320 formed on the second
substrate 310. The adhesive layer 320 is formed of a material
having a high adhesive strength to the organic material. For
example, the adhesive layer may include at least optical clear
adhesive (OCA) and optical clear resin (OCR). The adhesion
between the adhesive layer and the organic material is stron-
ger than the electrostatic attraction force between the transfer
mask TM and the pixel definition layer 130. Then, the remov-
ing substrate 300 is disposed on the upper portion of the
device substrate 100 such that the adhesive layer 320 faces the
transfer mask TM. The removing substrate 300 is coupled to
the device substrate 100. Thus, the organic material deposited
on the second surface 222 of the transfer mask TM is attached
to the adhesive layer 320.

[0053] Referring to FIG. 8, the removing substrate 300
having the transfer mask TM attached thereto is removed.
Since the electrostatic attraction between the transfer mask
TM and the pixel definition layer is weaker than the adhesive
force between the transfer mask TM and the adhesive layer
320, the transfer mask TM stays with the removing substrate
300 and separates from the pixel definition layer 130.
[0054] Then, although not shown in the figures, a second
electrode (not shown) is formed on the organic material layer
230, and a sealing substrate (not shown) is formed on the
device substrate 100. The sealing substrate seals the organic
material layer 230 and the second substrate to protect them
from humidity and external impacts. Thus, the organic light
emitting display apparatus according to the present disclosure
is manufactured.

[0055] In a conventional method, a metal mask is used to
form the organic material layer. In this case, a separate mag-
net is required to attach the mask to the device substrate.
However, the transfer mask TM according to the present
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disclosure is formed of a material such as polyimide rather
than metal, and thus the mask may be attached to the pixel
definition layer by the electrostatic attraction between them,
making the magnet unnecessary.

[0056] In addition, the metal mask requires a frame that
supports its edge to prevent the metal mask from being bent.
However, the transfer mask according to the present disclo-
sure is directly transferred to the device substrate, and thus no
additional frame is required.

[0057] Although the exemplary embodiments of the
present disclosure have been described, it is understood that
the present disclosure should not be limited to these exem-
plary embodiments but various changes and modifications
can be made by one ordinary skilled in the art within the spirit
and scope of the present disclosure.

What is claimed is:

1. A method of manufacturing an organic light emitting
display apparatus, comprising;

preparing a device substrate on which a first electrode and

a pixel definition layer covering a portion of the first
electrode are formed;

forming a transfer mask on a master substrate, wherein the

transfer mask is positioned to mirror the surfaces of the
pixel definition layer;

coupling the transfer mask to the pixel definition layer;

forming an organic material layer on the first electrode

using the transfer mask as a protection layer; and
removing the transfer mask.

2. The method of claim 1, further comprising forming the
master substrate by:

forming a deposition layer on a transparent first substrate;

and

patterning the deposition layer to form the transfer mask.

3. The method of claim 2, wherein the deposition layer
comprises one of acrylic resin, polyimide, benzocyclobutene
(BCB), a non-photosensitive organic material layer, and a
non-photosensitive inorganic material layer.

4. The method of claim 2, wherein the transfer mask com-
prises a first surface that is spaced apart from the first sub-
strate by atleast a thickness of the transfer mask and a second
surface facing the first surface, and the first surface is larger
than the second surface.

5. The method of claim 4, wherein the transfer mask has a
trapezoid shape.

6. The method of claim 4, wherein the first surface has a
shape and size that substantially matches those of an upper
surface of the pixel definition layer.

7. The method of claim 2, wherein the coupling of the
transfer mask to the pixel definition layer comprises:

disposing the device substrate and the master substrate

such that the transfer mask faces the pixel definition
layer; and
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irradiating light onto the master substrate at an upper por-

tion of the master substrate.

8. The method of claim 7, wherein the transfer mask and
the pixel definition layer are coupled to each other by elec-
trostatic attraction between the transfer mask and the pixel
definition layer.

9. The method of claim 7, wherein the coupling of the
transfer mask to the pixel definition layer further comprises
selectively removing the first substrate.

10. The method of claim 7, wherein the device substrate
further comprises a first alignment key disposed at an edge
thereof, and the forming of the master substrate further com-
prises forming a second alignment key at a predefined posi-
tion with respect to the first alignment key on the first sub-
strate.

11. The method of claim 10, wherein the disposing of the
device substrate and the master substrate such that the transfer
mask faces the pixel definition layer comprises aligning the
first alignment key with the second alignment key.

12. The method of claim 1. wherein forming the organic
material layer comprises forming a plurality of layers.

13. The method of claim 1, wherein the removing of the
transfer mask comprises:

providing a removing substrate which includes a second

substrate and an adhesive layer formed on the second
substrate;

attaching the adhesive layer to the transfer mask; and

using the adhesive force between the adhesive layer and the

transfer mask to separate the transfer mask from the
pixel definition layer.

14. The method of claim 1, wherein the transfer mask has
a thickness of about 0.3 pm to about 100 pm.

15. A method of manufacturing an organic light emitting
display apparatus, comprising:

providing a pixel definition layer including a first material,

wherein the pixel definition layer is patterned on a sub-
strate;
covering the pixel definition layer with a transfer mask
made of a second material, wherein the second material
attracts the first material by electrostatic force; and

depositing layers on the substrate with the transfer mask on
the pixel definition layer.

16. The method of claim 15, wherein the transfer mask
includes a pattern that mirrors the pixel definition layer, such
that a surface of the transfer mask matches a surface of the
pixel definition layer.

17. The method of claim 15 further comprising removing
the transfer mask using a force greater than the electrostatic
force between the pixel definition layer and the metal mask.
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