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FIG. 5
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ELECTROSTATIC CHUCK SYSTEM AND
METHOD OF MANUFACTURING ORGANIC
LIGHT-EMITTING DISPLAY APPARATUS BY
USING THE ELECTROSTATIC CHUCK
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2015-0042366, filed on
Mar. 26, 2015 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] One or more exemplary embodiments of the inven-
tive concept relate to an electrostatic chuck system and a
method of manufacturing an organic light-emitting display
apparatus by using the electrostatic chuck system.

[0004] 2. Description of the Related Art

[0005] Currently, mobile electronic devices are widely
used. In addition to compact electronic devices, such as
mobile phones, tablet personal computers (PC) are widely
used.

[0006] Themobile electronic devices provide various func-
tions and/or functionality by including a display apparatus for
providing visual information, such as an image or a video.
Recently, as components for driving the display apparatus
have become smaller (e.g., miniaturized), the display appa-
ratus has gained increased significance in the electronic
devices. Also, a structure in which the display apparatus is
bent at a pre-determined angle from a flat state thereof has
been developed.

[0007] Information disclosed in this Background section
was already known to the inventors before achieving the
inventive concept or is technical information acquired in the
process of achieving the inventive concept. Therefore, it may
contain information that does not form prior art .

SUMMARY

[0008] One or more exemplary embodiments of the inven-
tive concept include an electrostatic chuck system and a
method of manufacturing an organic light-emitting display
apparatus by using the electrostatic chuck system.

[0009] Additional aspects of the inventive concept will be
set forth in part in the description which follows and, in part,
will be apparent from the description or may be learned by
practice of the presented embodiments.

[0010] According to an embodiment of the inventive con-
cept, an electrostatic chuck system includes: a stage in which
a first electrode and a second electrode are arranged, the first
electrode having a first polarity and the second electrode
having a second polarity that is different from the first polar-
ity; a display substrate on the stage, the display substrate
including a pixel electrode on a surface thereof; and an optical
mask over the surface of the display substrate, the optical
mask including a reflection layer and a transfer layer to be
transferred to the display substrate. The display substrate has
one of the first and second polarities, and the optical mask has
the other of the first and second polarities as the display
substrate.
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[0011] The electrostatic chuck system may further include
a first power supply electrically connected to the display
substrate and the optical mask.

[0012] A first terminal of the first power supply may be
connected to the pixel electrode of the display substrate.
[0013] A second terminal of the first power supply may be
connected to the reflection layer of the optical mask.

[0014] The display substrate and the optical mask may be
charged using a monopolar method.

[0015] The stage may be charged using a bipolar method.
[0016] The optical mask may further include: a base plate
having a transparent first surface and a second surface is
opposite to the first surface and on which the reflection layer
is arranged; and an insulating layer on the second surface. At
least a portion of the insulating layer may surround a periph-
ery of the reflection layer.

[0017] Theoptical mask may further include alight absorp-
tion layer on the insulating layer, and at least a portion of the
transfer layer may contact the light absorption layer.

[0018] The reflection layer may have a patterned opening
corresponding to an emission area of the display substrate.
[0019] The reflection layer may correspond to a non-emis-
sion area of the display substrate.

[0020] An overall thickness of a portion of the optical mask
corresponding to an emission area of the display substrate
may be less than an overall thickness of a portion of the
optical mask corresponding to a non-emission area of the
display substrate.

[0021] The electrostatic chuck system may further include
a light source above the optical mask.

[0022] According to an embodiment of the inventive con-
cept, a method of manufacturing an organic light-emitting
display apparatus by using an electrostatic chuck system
includes: forming a pixel electrode on a display substrate;
forming a reflection layer and a transfer layer on an optical
mask; aligning the display substrate on a stage with the opti-
cal mask; supplying a voltage to the stage to adhere the
display substrate to the stage; supplying a voltage having a
first polarity to the display substrate and supplying a voltage
having asecond polarity that is different from the first polarity
to the optical mask; and forming an intermediate layer on an
emission area of the display substrate by irradiating light to
the optical mask to transfer the transfer layer from the optical
mask to the display substrate.

[0023] Thealigning ofthe display substrate with the optical
mask may include aligning the reflection layer of the optical
mask with a non-emission area of the display substrate.
[0024] The supplying of the voltage to the stage may
include supplying a voltage having a first polarity to a first
electrode and supplying a voltage having a second polarity
that is different from the first polarity to a second electrode by
using a bipolar method.

[0025] The supplying of the voltage to the display substrate
and to the optical mask may include connecting the pixel
electrode of the display substrate to a first power supply and
connecting the reflection layer of the optical mask to the first
power supply.

[0026] The pixel electrode and the reflection layer may be
independently connected to the first power supply.

[0027] The supplying of the voltage to the display substrate
and to the optical mask may include charging the display
substrate and the optical mask by using a monopolar method.
[0028] Inthe forming of the intermediate layer on the emis-
sion area of the display substrate, the transfer layer may be
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transferred to the emission area of the display substrate as
light irradiated to the optical mask is absotrbed by a light
absorption layer which is in contact with the transfer layer.
[0029] Inthe forming of the intermediate layer on the emis-
sion area of the display substrate, the transfer layer may be
transferred to the emission area of the display substrate as
light irradiated to the optical mask passes through a patterned
opening in the reflection layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] These and/or other aspects of the inventive concept
will become apparent and more readily appreciated from the
following description of the exemplary embodiments, taken
in conjunction with the accompanying drawings in which:
[0031] FIG. 1 is a diagram illustrating a structure of an
electrostatic chuck system according to an exemplary
embodiment of the inventive concept;

[0032] FIGS. 2 and 3 are schematic cross-sectional views
illustrating processes of a method of manufacturing an
organic light-emitting display apparatus according to an
exemplary embodiment of the inventive concept;

[0033] FIG. 4 is a cross-sectional view illustrating a sub-
pixel of a display apparatus according to an exemplary
embodiment of the inventive concept;

[0034] FIG. 5 is a flowchart of an operation of forming an
intermediate layer on a display substrate by using the elec-
trostatic chuck system illustrated in FIG. 1;

[0035] FIG. 6 is a perspective view illustrating a display
apparatus in an unfolded state according to an exemplary
embodiment of the inventive concept; and

[0036] FIG. 7 is a perspective view illustrating the display
apparatus illustrated in FIG. 6 in a wound state.

DETAILED DESCRIPTION

[0037] Reference will now be made in detail to exemplary
embodiments of the inventive concept, examples of which are
illustrated in the accompanying drawings, wherein like ref-
erence numerals refer to like elements throughout. In this
regard, the inventive concept may have different forms and
should not be construed as being limited to the descriptions
set forth herein. Accordingly, the exemplary embodiments are
merely described below, by referring to the figures, to explain
aspects of the inventive concept. As used herein, the term
“and/or” includes any and all combinations of one or more of
the associated listed items. Expressions, such as “at least one
of,” when preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the list.
Further, the use of “may” when describing embodiments of
the inventive concept relates to “one or more embodiments of
the present invention.”” Also, the term “exemplary”is intended
to refer to an example or illustration.

[0038] Because the inventive concept may have various
modifications and several embodiments, exemplary embodi-
ments are shown in the drawings and will be described in
detail. Aspects, features, and a method of achieving the same
will be specified with reference to the embodiments described
below in detail together with the attached drawings. However,
the embodiments may have different forms and should not be
construed as being limited to the descriptions set forth herein.
Itwill be understood that although the terms “first”, “second”,
etc. may be used herein to describe various components, these
components should not be limited by these terms. These
components are only used to distinguish one component from
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another. Singular expressions, unless defined otherwise in
context, include plural expressions. In the embodiments
below, it will be further understood that the terms “include,”
“comprise,” and/or “have” used herein specify the presence of
stated features or components but do not preclude the pres-
ence or addition of one or more other features or components.
[0039] 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 spatially relative
terms are intended to encompass different orientations 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” or “over” the other elements or features. Thus, the
term “below” may 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 should be interpreted accordingly. As
used herein, the terms “use,” “using,” and “used” may be
considered synonymous with the terms “utilize,” “utilizing,”
and “utilized.” respectively.

[0040] Also, in the drawings, for convenience of descrip-
tion, sizes of elements may be exaggerated or contracted.
Because sizes and thicknesses of components in the drawings
are arbitrarily illustrated for convenience of explanation, the
following embodiments are not limited thereto. When an
embodiment is implementable in another manner, a predeter-
mined process order may be different from a described one.
For example, two processes that are consecutively described
may be substantially concurrently or simultaneously per-
formed or may be performed in an opposite order to the
described order.

[0041] The exemplary embodiments of the inventive con-
cept will be described below in more detail with reference to
the accompanying drawings. Those components that are the
same or are in correspondence are rendered the same refer-
ence numeral regardless of the figure number, and redundant
explanations thereof may be omitted.

[0042] FIG. 1 is a diagram illustrating a structure of an
electrostatic chuck system according to an exemplary
embodiment of the inventive concept.

[0043] Referring to FIG. 1, an electrostatic chuck system 1
may include a stage 100, a display substrate 200, an optical
mask 300, a first power supply 40 (e.g., a first power supply
unit), a second power supply 50 (e.g., a second power supply),
and a light source 60.

[0044] The stage 100 may align the display substrate 200
and the optical mask 300 with respect to each other. A first
electrode 110 having a first polarity and a second electrode
120 having a second polarity that is different from the first
polarity may be disposed in the stage 100. The stage 100 may
include a housing 130 surrounding the first electrode 110 and
the second electrode 120 (e.g., the first and of and 120 may be
embedded in the housing 130). The housing 130 may function
as a dielectric material in the stage 100.

[0045] For example, when the first polarity is defined as a
negative polarity, the second polarity is defined as a positive
polarity, and when the first polarity is defined as a positive
polarity, the second polarity is defined as a negative polarity.
[0046] The stage 100 may be charged using a bipolar
method. A first terminal of the second power supply 50 may
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be electrically connected to the first electrode 110 so that the
first electrode 110 has the first polarity. A second terminal of
the second power supply 50 may be electrically connected to
the second electrode 120 so that the electrostatic chuck sys-
tem 1 has the second polarity.

[0047] The display substrate 200 is disposed on the stage
100. Referring to FIG. 2, a first surface of the display substrate
200 contacts the stage 100, and pixel electrodes 281R, 281B,
and 281G are formed on a second surface of the display
substrate 200. The second surface of the display substrate 200
faces the optical mask 300.

[0048] The optical mask 300 is disposed on (e.g., over) the
display substrate 200. The optical mask 300 includes a trans-
fer layer 350 on which a transfer material is deposited. The
transfer layer 350 may be deposited on the display substrate
200 by light irradiated from the light source 60.

[0049] The transfer layer 350 is a layer that may be evapo-
rated, gasified, or sublimated by heat generated in a light
absorption layer 340 and may include, for example, an emis-
sion material, a hole transport material, or a hole injection
material. The transfer layer 350 may also include an electron
transport material or an electron injection material as desired.
[0050] The first power supply 40 may be connected to the
display substrate 200 and the optical mask 300 to charge both
of them. The first power supply 40 may charge the display
substrate 200 and the optical mask 300 by using a monopolar
method.

[0051] A first terminal of the first power supply 40 is con-
nected to the pixel electrodes 281R, 281B, and 281G of the
display substrate 200. The display substrate 200 may be
charged to one of the first and second polarities by the first
power supply 40. A first wiring may be used to connect the
first terminal of the first power supply 40 to a first terminal 44,
and when the first terminal 44 is connected to the pixel elec-
trodes 281R, 281B, and 281G, the display substrate 200 may
be charged to one of the first polarity and the second polarity.
[0052] A second terminal of the first power supply 40 is
connected to a reflection layer 320 of the optical mask 300.
The first power supply 40 charges the optical mask 300 to
either the first polarity or the second polarity, which is differ-
ent from the polarity of the display substrate 200. A second
wiring is used to connect the second terminal of the first
power supply 40 to a second terminal 43, and because the
second terminal 43 is connected to the reflection layer 320,
the optical mask 300 may be charged to the first polarity or the
second polarity, which is different from the polarity of the
display substrate 200.

[0053] The second power supply 50 may be connected to
the stage 100 so that the stage 100 is charged using the bipolar
method. A first terminal of the second power supply 50 may
be connected to the first electrode 110 so that the first elec-
trode 110 is charged to the first polarity, and a second terminal
of the second power supply 50 may be connected to the
second electrode 120 so that the second electrode 120 is
charged to the second polarity.

[0054] The light source 60 may be above (e.g., installed
above) the optical mask 300. The light source 60 may be a
laser or a flash lamp. Light emitted from the light source 60
may be irradiated to the optical mask 300 so that the transfer
layer 350 of the optical mask 300 is transferred to the display
substrate 200.

[0055] FIGS. 2 and 3 are schematic cross-sectional views
illustrating processes of a method of manufacturing an
organic light-emitting display apparatus according to an
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exemplary embodiment of the inventive concept. FIG. 4 is a
cross-sectional view illustrating a sub-pixel ofa display appa-
ratus according to an exemplary embodiment of the inventive
concept.

[0056] Sub-pixels may each include at least one thin film
transistor (TFT) and an organic light-emitting device
(OLED). The TFT is not limited to the structure illustrated in
FIG. 4, and the number of TFTs and structure thereof may be
modified in various manners.

[0057] The display apparatus 200a of FIG. 4 may be
formed on the display substrate 200 of FIG. 2, on which the
transfer layer 350 is transferred, by forming an opposite elec-
trode 283, an encapsulation layer E, and a protection layer P
on the display substrate 200. After forming an intermediate
layer 282 in operations corresponding to FIGS. 2 and 3, the
opposite electrode 283 may be deposited on the intermediate
layer 282 to form a display unit D. The display apparatus 2004
may be manufactured by forming the encapsulation layer E
and the protection layer P on the display unit D.

[0058] A substrate 210 may be formed of a flexible insu-
lating material. For example, the substrate 210 may be a
polymer substrate formed of a material such as a polyimide
(PI), a polycarbonate (PC), a polyethersulfone (PES), poly-
ethylene terephthalate (PET), polyethylene naphthalate
(PEN), a polyarylate (PAR), and/or a fiberglass reinforced
plastic (FRP).

[0059] According to an exemplary embodiment of the
inventive concept, the substrate 210 may be a glass substrate
having a thickness that is sufficient for the glass substrate to
be bent (e.g., for the glass substrate to be bendable). The
substrate 210 may be formed of a metal. The substrate 210
may be transparent, semi-transparent, or opaque.

[0060] A buffer layer 220 formed of an organic compound
and/or an inorganic compound may be further formed on atop
surface (e.g., on the second surface) of the substrate 210. The
buffer layer 220 may block oxygen and moisture from pen-
etrating into and/or beyond the substrate 210 and may pla-
narize a surface of the substrate 210.

[0061] The buffer layer 220 may be formed of an inorganic
material, such as a silicon oxide (Si0,), a silicon nitride
(SiN,), a silicon oxynitride (SiO,N,), an aluminum oxide
(AlO,), and/or an aluminum nitride (AIO,N,) or an organic
material, such as acryl, polyimide, and/or polyester.

[0062] A TFT may be formed on the buffer layer 220.
Although atop gate transistor is described as the TFT accord-
ing to the presently described exemplary embodiment of the
inventive concept, the TFT may also be a bottom gate tran-
sistor or other TFTs having a different suitable structure.
[0063] After an active layer 230 is formed on the buffer
layer 220 in a pattern (e.g., a predetermined pattern), the
active layer 230 is covered by (e.g., buried by) a gate insulat-
ing layer 240. The active layer 230 includes a source region
231 and a drain region 233, and a channel region 232 is further
included between the source region 231 and the drain region
233.

[0064] Theactivelayer 230 may be formed of various mate-
rials. For example, the active layer 230 may include an inor-
ganic semiconductor material, such as amorphous silicon
and/or crystalline silicon. As another example, the active
layer 230 may include an oxide semiconductor. For example,
the oxide semiconductor may include a metal element of
Group 12, 13, or 14, such as zinc (Zn), indium (In), gallium
(Ga), tin (Sn), cadmium (Cd), germanium (Ge), and/or
hafnium (Hf) or an oxide of a material selected from a com-
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bination of two or more of these materials. However, for
convenience of description, the below description will prima-
rily focus on an exemplary embodiment in which the active
layer 230 is formed of amorphous silicon.

[0065] A gate electrode 250 is formed on a top surface of
the gate insulating layer 240 to correspond to the active layer
230 and an interlayer insulating layer 260 is formed on the
gate electrode 250, thus covering (e.g., burying) the gate
electrode 250.

[0066] After forming a contact opening H1 (e.g., a contact
hole) in the interlayer insulating layer 260 and the gate insu-
lating layer 240, a source electrode 271 and a drain electrode
272 are both formed on the interlayer insulating layer 260 to
respectively contact the source region 231 and the drain
region 233.

[0067] A passivation layer 270 is formed on the TFT
formed as described above, and a pixel electrode 281 of the
OLED is formed on the passivation layer 270.

[0068] The pixel electrode 281 may be a semi-transparent
electrode, a transparent electrode, or a reflective electrode.
When the pixel electrode 281 is a semi-transparent electrode
or a transparent electrode, the pixel electrode 281 may be
formed of, for example, indium tin oxide (ITO), indium zinc
oxide (IZ0), zinc oxide (Zn0), indium oxide (In,05), indium
gallium oxide (IGO), and/or aluminum zinc oxide (AZO).
When the pixel electrode 281 is formed as a reflective elec-
trode, the pixel electrode 281 may include a reflective layer
formed of, for example, Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr,
and/or acompound of two or more of these and alayer formed
of ITO, IZ0, Zn0O, or In,O;. However, the composition and
materials of the pixel electrode 281 are not limited thereto,
and the pixel electrode 281 may be formed in various man-
ners.

[0069] The pixel electrode 281 contacts the drain electrode
272 of the TFT through a via opening H2 (e.g., a via hole)
formed in the passivation layer 270. The passivation layer 270
may be formed as an inorganic layer and/or an organic layer
and may be a single layer or may have two or more layers. The
passivation layer 270 may be a planarization layer having a
top surface that is planar regardless of unevenness of a lower
layer therebelow or may have a top surface that is uneven
according to unevenness of the lower layer. Also, the passi-
vation layer 270 may be formed of a transparent insulating
material to obtain resonance effects.

[0070] After forming the pixel electrode 281 on the passi-
vation layer 270, a pixel-defining layer 290 is formed of an
organic material and/or an inorganic material to cover the
pixel electrode 281 (e.g., to cover a periphery of the pixel
electrode 281) and the passivation layer 270. The pixel-de-
fining layer 290 has an opening that exposes the pixel elec-
trode 281.

[0071] Referring to FIGS. 2 and 3, the pixel-defining layer
290 may define pixels or sub-pixels as the pixel-defining layer
290 includes openings respectively corresponding to sub-
pixels and openings that expose a center portion of each of the
pixel electrodes 281R, 281B, and 281G or the entire pixel
electrodes 281R, 281B, and 281G. Also, the pixel-defining
layer 290 may increase a distance between edges of the pixel
electrodes 281R, 281B, and 281G and the opposite electrode
283 on the pixel electrodes 281R, 281B, and 281G, thereby
reducing or preventing an arc caused at the edges of the pixel
electrodes 281R, 281B, and 281G.

[0072] Referring to FIG. 3, the pixel electrodes 281R,
281B, and 281G may be connected to the first power supply
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40 5o as to charge the display substrate 200 to a first polarity.
The pixel electrodes 281R, 281B, and 281G are formed of a
conductive material, and thus, a current may be supplied from
the first power supply 40.

[0073] Referring to FIGS. 2 and 3, the optical mask 300
may include a base plate 310, a reflection layer 320, an insu-
lating layer 330, a light absorption layer 340, and a transfer
layer 350.

[0074] The base plate 310 includes a first surface 311 to
which light is radiated from the light source 60 and a second
surface 312 facing the display substrate 200. The reflection
layer 320 may be formed on the second surface 312. The base
plate 310 may be formed of a material through which light
may be transmitted, for example, a material such as glass or
quartz.

[0075] The reflection layer 320 may be formed on the sec-
ond surface 312 of the base plate 310. The reflection layer 320
may reflect light that has transmitted through the base plate
310. The reflection layer 320 may include a plurality of open-
ings 321 corresponding to an emission area of the display
substrate 200. Accordingly, the reflection layer 320 has a
transmission area TA corresponding to the openings 321 and
a block area BA corresponding to the rest of the reflection
layer 320 where the openings 321 are not formed.

[0076] The reflection layer 320 may be formed as a con-
ductive thin film having excellent reflection characteristics.
For example, the reflection layer 320 may be formed of alu-
minum (Al), copper (Cu), silver (Ag), molybdenum (Mo),
titanium (Ti), an alloy of these, and/or a chromium nitride
(CrN). The reflection layer 320 may be connected to the first
power supply 40 so as to charge the optical mask 300.
[0077] The insulating layer 330 may cover the reflection
layer 320 and the openings 321. The insulating layer 330 may
include a first insulating layer 331 that planarizes the reflec-
tion layer 320 and a second insulating layer 332 disposed to
correspond to (e.g., to be aligned with) the reflection layer
320. The insulating layer 330 may be formed of an insulating
material, such as a polymer. The insulating layer 330 may
function as a dielectric material between the display substrate
200 and the optical mask 300.

[0078] The first insulating layer 331 may be formed to
cover the openings 321 and the reflection layer 320 and has a
planar surface. The second insulating layer 332 may be
divided into a portion that corresponds to the transfer layer
350 to be transferred and a portion that corresponds to the
transfer layer 350 that is not transferred, and because a step is
formed in the transfer layer 350 due to the second insulating
layer 332 (e.g., due to the presence of the second insulating
layer 332), the transfer layer 350 may be easily transferred.
[0079] The second insulating layer 332 is formed to corre-
spond to the reflection layer 320. The reflection layer 320 is
aligned with a non-emission area ofthe display substrate 200,
and thus, a portion of the transfer layer 350 on the second
insulating layer 332 is not transferred. For example, the sec-
ond insulating layer 332 may be formed to correspond to the
pixel-defining layer 290.

[0080] The number of second insulating layers 332 is not
limited, and a plurality of second insulating layers 332 may be
included. For example, a plurality of patterned insulating
layers may be formed on the light absorption layer 340.
However, for convenience of description, the below descrip-
tion will primarily focus on an exemplary embodiment in
which one patterned layer is formed as the second insulating
layer 332.
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[0081] The transfer layer 350 may be transferred as the
light absorption layer 340 absorbs light irradiated from the
light source 60. The light absorption layer 340 may be formed
to contact the insulating layer 330. The light absorption layer
340 corresponding to the transmission area TA of the display
substrate 200 (e.g., a portion of the light absorption layer 340
corresponding to the transmission area TA) may be formed to
contact the first insulating layer 331, and the light absorption
layer 340 corresponding to the block area BA of the display
substrate 200 (e.g., a portion of the light absorption layer 340
corresponding to the block area BA) may be formed to con-
tact the second insulating layer 332.

[0082] The light absorption layer 340 may be formed of a
material having an excellent light absorption ratio. For
example, the light absorption layer 340 may be formed of a
three-layer structure of chromium (Cr)/indium tin oxide
(ITO)/chromium (Cr).

[0083] The transfer layer 350 may be formed on the light
absorption layer 340. The transfer layer 350 may be a material
that is transferred to the emission area of the display substrate
200. At least a portion of the transfer layer 350 may contact
the light absorption layer 340.

[0084] According to the present exemplary embodiment,
although an organic emission layer included in the organic
light-emitting display apparatus is described as the transfer
layer 350, the transfer layer 350 may be various functional
layersincluded in a hole injection layer, ahole transport layer,
an electron transport layer, and/or an electron injection layer.
[0085] FIG. 5 is a flowchart of an operation of forming the
intermediate layer 282 on the display substrate 200 by using
the electrostatic chuck system 1 illustrated in FIG. 1.

[0086] The operation of transferring the transfer layer 350
to the display substrate 200 is described with reference to
FIGS. 2,3, and 5.

[0087] According to the embodiment illustrated in FIGS. 2
and 3, the transfer layer 350 is a transfer material transferred
to the pixel electrode 281R of a red sub-pixel. However, the
inventive concept is not limited thereto, and when a pattern of
the opening 321 in the reflection layer 320 is changed (e.g.,
varied), the transfer layer 350 may be transferred to the pixel
electrode 281G of a green sub-pixel and/or to the pixel elec-
trode 281B of a blue sub-pixel. Also, the transfer layer 350
may be transferred to at least two pixel electrodes from
among red, green, and blue sub-pixels according to a material
to be transferred. However, for convenience of description,
the below description will primarily focus on an exemplary
embodiment in which the transfer layer 350 is transferred to
the pixel electrode 281R of a red sub-pixel.

[0088] The pixel electrodes 281R, 281B, and 281G are
formed on the display substrate 200 and the reflection layer
320 and the transfer layer 350 are formed on the optical mask
300 in operation S10.

[0089] The display substrate 200 on the stage 100 and the
optical mask 300 are aligned with each other in operation
S20. The reflection layer 320 of the optical mask 300 is
aligned to correspond to a non-emission area of the display
substrate 200. For example, the block area BA is aligned so as
to correspond to the non-emission area. In one embodiment,
the display substrate 200 and the optical mask 300 are aligned
with each other so that the opening 321 corresponds to the
pixel electrode 281R of the red sub-pixel and so that the
reflection layer 320 corresponds to the rest of the area (e.g.,
corresponds to the pixel electrodes 281B and 281G of the blue
and green sub-pixels).
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[0090] A voltage is supplied to the stage 100 so that the
stage 100 and the display substrate 200 are closely adhered to
each other in operation S30. An electrostatic chuck is formed
on the stage 100 (e.g., is activated or energized) by using a
bipolar method. When a voltage is supplied to the stage 100
from the second power supply 50, the stage 100 may apply an
attractive force to the display substrate 200 so that the display
substrate 200 is closely adhered to the stage 100.

[0091] A wvoltage is supplied to the display substrate 200
and the optical mask 300 in operation S40. The pixel elec-
trodes 281R, 281B, and 281G of the display substrate 200 and
the reflection layer 320 of the optical mask 300 are connected
to the first power supply 40. The display substrate 200 is
charged to a different polarity than the optical mask 300 so
that there is an attractive force between each other. For
example, the display substrate 200 and the optical mask 300
may be charged using a monopolar method so that a gap G
between the display substrate 200 and the optical mask 300 is
reduced or minimized.

[0092] The transfer layer 350 of the optical mask 300 may
be transferred to the display substrate 200 in operation S50.
The intermediate layer 282 may be formed by transferring the
transfer layer 350 deposited on the optical mask 300 to the
display substrate 200 by irradiating light to the optical mask
300.

[0093] Referring back to FIG. 4, the intermediate layer 282
may be formed on the pixel electrode 281R of the display
substrate 200 by using the transfer layer 350. When light is
irradiated from the light source 60 while the display substrate
200 and the optical mask 300 are aligned with each other,
light that has transmitted through the opening 321 may react
with the light absorption layer 340 to thereby transfer the
transfer layer 350 such that the intermediate layer 282 is
transferred onto the pixel electrode 281R of the red sub-pixel.

[0094] The intermediate layer 282 may include an organic
emission layer. In another embodiment, the intermediate
layer 282 may include an organic emission layer and also a
hole injection layer, a hole transport layer, an electron trans-
port layer, and/or an electron injection layer in addition to the
organic emission layer.

[0095] Then, the opposite electrode 283 is formed on the
intermediate layer 282. The pixel electrode 281 functions as
an anode electrode, and the opposite electrode 283 functions
as a cathode electrode. However, polarities of the pixel elec-
trode 281 and the opposite electrode 283 may be exchanged.

[0096] The pixel electrode 281 and the opposite electrode
283 may be insulated from each other via the intermediate
layer 282. As voltages of different polarities are respectively
supplied from the pixel electrode 281 and the opposite elec-
trode 283 to the intermediate layer 282, light is emitted from
the organic emission layer.

[0097] While an organic emission layer is formed of addi-
tional emission material for each pixel in the above-described
embodiment, the inventive concept is not limited thereto. The
organic emission layer may be commonly formed with
respect to all of the pixels regardless of position thereof. The
organic emission layer may be formed of vertically stacked
layers that include emission materials emitting light of red,
green, and blue color or may be formed by mixing the mate-
rials emitting light of red, green, and blue color. As long as
white color light is emitted, combination of other colors is
also possible. Also, the display unit D may further include a
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color converting layer that converts the emitted white color
light into a certain color (e.g., a predetermined color) or may
include a color filter.

[0098] After the display unit D is formed on the substrate
210, an encapsulation layer E may be formed on the display
unit D. The encapsulation layer E may include a plurality of
inorganic layers or may include an inorganic layer and an
organic layer,

[0099] For example, an organic layer of the encapsulation
layer E may be formed of a polymer, for example, of a single
layer or as stacked layers formed of polyethylene terephtha-
late, a polyimide, a polycarbonate, an epoxy, a polyethylene,
and/or a polyacrylate. The organic layer may be formed of
polyacrylate; for example, the organic layer may include a
polymerized monomer composition including a diacrylate-
based monomer and a triacrlate-based monomer. The mono-
mer composition may further include a monoacrylate-based
monomer. Also, the monomer composition may further
include a well-known photo-initiator, such as TPO, but is not
limited thereto and may include, for example, an epoxy, a
polyimide, polyethylene terephthalate, a polycarbonate, a
polyethylene, and/or a polyacrylate.

[0100] Aninorganic layer of the encapsulation layer E may
be a single layer or stacked layers including a metal oxide
and/or a metal nitride. For example, the inorganic layer may
include a silicon oxide (e.g., Si0,), a silicon nitride (SiN_ ), an
aluminum oxide (e.g., Al,O,), a titanium oxide (e.g., Ti0,), a
zirconium oxide (ZrO_), and/or a zinc oxide (e.g., Zn0O).
[0101] An uppermost layer that is included in the encapsu-
lation layer E and is exposed to the outside may be formed as
an inorganic layer so as to prevent penetration of moisture
into the display unit D.

[0102] The encapsulation layer E may include at least one
sandwich structure in which at least one organic layer is
between (e.g., is inserted between) at least two inorganic
layers. As another example, the encapsulation layer E may
include at least one sandwich structure in which at least one
inorganic layer is between (e.g., is inserted between) at least
two organic layers. For example, the encapsulation layer E
may include, sequentially from an upper portion of the dis-
play unit D, a first inorganic layer U1, a first organic layer O1,
a second inorganic layer U2, a second organic layer O2, a
third inorganic layer U3, and a third organic layer O3.
[0103] A halogenated metal layer including LiF may be
included between the display unit D and the first inorganic
layer U1. The halogenated metal layer may prevent damage to
the display unit D when forming the first inorganic layer Ul
by using a sputtering method.

[0104] The first organic layer O1 may have a smaller area
than the second inorganic layer U2, and the second organic
layer O2 may have a smaller area than the third inorganic
layer U3.

[0105] The encapsulation layer E is not limited to the
above-described structure and may have any structure in
which inorganic layers and organic layers are stacked in vari-
ous forms.

[0106] The protection layer P may be formed on the encap-
sulation layer E. The protection layer P may be formed using
various methods. For example, the protection layer P may be
formed using a sputtering method, an ion beam deposition
method, an evaporation method, or a chemical vapor deposi-
tion (CVD) method.

[0107] The protection layer P may include a metal oxide
and/or a metal nitride, such as silicon nitride (SiN_), silicon
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oxynitride (SiO,N ), titanium oxide (TiO,), titanium nitride
(TiN,), titanium oxynitride (TiO,N,), zirconium oxide
(ZrO,), tantalum nitride (TaN,), tantalum oxide (TaN,),
hafnium oxide (HfO,), and/or aluminum oxide (AlO,).
[0108] The protection layer P may be formed to completely
surround lateral sides of the encapsulation layer E. Thus, the
protection layer P may block the encapsulation layer E from
water or oxygen, thereby increasing the lifespan of the encap-
sulation layer E.

[0109] FIG. 6 is a perspective view illustrating a display
apparatus 1000 in an unfolded state according to an exem-
plary embodiment of the inventive concept. FIG. 7 is a per-
spective view illustrating the display apparatus 1000 illus-
trated in FIG. 6 in a wound (e.g., bent) state.

[0110] The display apparatus 1000 described herein is a
flexible display apparatus but may alternatively be a rigid
display apparatus.

[0111] Referring to FIGS. 6 and 7, the display apparatus
1000 includes a flexible display panel 1100 for displaying an
image and a flexible case 1200 accommodating the flexible
display panel 1100. The flexible display panel 1100 may
include not only elements for implementing an image screen
but also other various elements and/or films, such as a touch
screen, a polarization plate, and/or a window cover. The dis-
play apparatus 1000 may be used to view an image at various
angles, for example, when the display apparatus 1000 is
unfolded (e.g., planar) or bent.

[0112] The flexible display panel 1100 may be formed by
using a transfer layer that is transferred using the electrostatic
chuck system 1. According to the present exemplary embodi-
ment, although an organic light-emitting display apparatus is
described as the display apparatus 1000, the display apparatus
1000 may also be other various flexible display apparatuses,
such as a liquid crystal display, a field emission display, or an
electronic paper display.

[0113] The optical mask 300 is aligned with the display
substrate 200 in order to deposit the transfer layer 350. A gap
G between the optical mask 300 and the display substrate 200
is reduced or minimized in order to precisely transfer the
transfer layer 350.

[0114] The electrostatic chuck system 1 charges the stage
100 by using a bipolar method to thereby precisely transfer
the transfer layer 350 by reducing or minimizing separation
between the stage 100 and the display substrate 200.

[0115] The electrostatic chuck system 1 may charge the
display substrate 200 and the optical mask 300 by using a
monopolar method to closely adhere the optical mask 300 to
the display substrate 200. The electrostatic chuck system 1
may precisely transfer the transfer layer 350 to the display
substrate 200 by reducing or minimizing the gap between the
display substrate 200 and the optical mask 300.

[0116] The electrostatic chuck system 1 may reduce or
prevent bending of the display substrate 200 or the optical
mask 300. When the transfer layer 350 is transferred to the
emission area of the display substrate 200, the display sub-
strate 200 and/or the optical mask 300 may deform due to a
stress formed in the display substrate 200 or the optical mask
300. The electrostatic chuck system 1 charges the display
substrate 200 and the optical mask 300, and thus, the display
substrate 200 and the optical mask 300 may be maintained
flat.

[0117] According to the method of manufacturing an
organic light-emitting display apparatus by using the electro-
static chuck system 1, a transfer material may be precisely
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transferred to the display substrate 200, thereby providing a
high-quality display apparatus and improving efficiency of
manufacturing the same.

[0118] According to the electrostatic chuck system and the
method of manufacturing an organic light-emitting display
apparatus by using the electrostatic chuck system according
the one or more embodiments of the inventive concept, effi-
ciency and precision of the display apparatus may be
improved by reducing or minimizing a gap between an optical
mask and a display substrate. However, the scope of the
inventive concept is not limited thereto.

[0119] It should be understood that exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each exemplary embodiment
should typically be considered as available for other similar
features or aspects in other exemplary embodiments.

[0120] While one or more exemplary embodiments have
been described with reference to the figures, it will be under-
stood by those of ordinary skill in the art that various changes
in form and details may be made therein without departing
from the spirit and scope as defined by the following claims
and their equivalents.

What is claimed is:

1. An electrostatic chuck system comprising;

astage in which a first electrode and a second electrode are

arranged, the first electrode having a first polarity and
the second electrode having a second polarity that is
different from the first polarity;

a display substrate on the stage, the display substrate com-

prising a pixel electrode on a surface thereof; and
an optical mask over the surface of the display substrate,
the optical mask comprising a reflection layer and a
transfer layer to be transferred to the display substrate,

wherein the display substrate has one of the first and second
polarities, and the optical mask has the other of the first
and second polarities as the display substrate.

2. The electrostatic chuck system of claim 1, further com-
prising a first power supply electrically connected to the
display substrate and the optical mask.

3. The electrostatic chuck system of claim 2, wherein a first
terminal of the first power supply is connected to the pixel
electrode of the display substrate.

4. The electrostatic chuck system of claim 2, wherein a
second terminal of the first power supply is connected to the
reflection layer of the optical mask.

5. The electrostatic chuck system of claim 1, wherein the
display substrate and the optical mask are charged using a
monopolar method.

6. The electrostatic chuck system of claim 1, wherein the
stage 1s charged using a bipolar method.

7. The electrostatic chuck system of claim 1, wherein the
optical mask further comprises:

abase plate having a transparent first surface and a second

surface is opposite to the first surface and on which the
reflection layer is arranged; and

an insulating layer on the second surface,

wherein at least a portion of the insulating layer surrounds

a periphery of the reflection layer.

8. The electrostatic chuck system of claim 7, wherein the
optical mask further comprises a light absorption layer on the
insulating layer, and

wherein at least a portion of the transfer layer contacts the

light absorption layer.
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9. The electrostatic chuck system of claim 1, wherein the
reflection layer has a patterned opening corresponding to an
emission area of the display substrate.

10. The electrostatic chuck system of claim 1, wherein the
reflection layer corresponds to a non-emission area of the
display substrate.

11. The electrostatic chuck system of claim 1, wherein an
overall thickness of a portion of the optical mask correspond-
ing to an emission area of the display substrate is less than an
overall thickness of a portion of the optical mask correspond-
ing to a non-emission area of the display substrate.

12. The electrostatic chuck system of claim 1, further com-
prising a light source above the optical mask.

13. A method of manufacturing an organic light-emitting
display apparatus by using an electrostatic chuck system, the
method comprising:

forming a pixel electrode on a display substrate;

forming a reflection layer and a transfer layer on an optical

mask;

aligning the display substrate on a stage with the optical

mask;

supplying a voltage to the stage to adhere the display sub-

strate to the stage;

supplying a voltage having a first polarity to the display

substrate and supplying a voltage having a second polar-
ity that is different from the first polarity to the optical
mask; and

forming an intermediate layer on an emission area of the

display substrate by irradiating light to the optical mask
to transfer the transfer layer from the optical mask to the
display substrate.

14. The method of claim 13, wherein the aligning of the
display substrate with the optical mask comprises aligning
the reflection layer of the optical mask with a non-emission
area of the display substrate.

15. The method of claim 13, wherein the supplying of the
voltage to the stage comprises supplying a voltage having a
first polarity to a first electrode and supplying a voltage hav-
ing a second polarity that is different from the first polarity to
a second electrode by using a bipolar method.

16. The method of claim 13, wherein the supplying of the
voltage to the display substrate and to the optical mask com-
prises connecting the pixel electrode of the display substrate
to a first power supply and connecting the reflection layer of
the optical mask to the first power supply.

17. The method of claim 16, wherein the pixel electrode
and the reflection layer are independently connected to the
first power supply.

18. The method of claim 13, wherein the supplying of the
voltage to the display substrate and to the optical mask com-
prises charging the display substrate and the optical mask by
using a monopolar method.

19. The method of claim 13, wherein in the forming of the
intermediate layer on the emission area of the display sub-
strate, the transfer layer is transferred to the emission area of
the display substrate as light irradiated to the optical mask is
absorbed by a light absorption layer which is in contact with
the transfer layer.

20. The method of claim 19, wherein in the forming of the
intermediate layer on the emission area of the display sub-
strate, the transfer layer is transferred to the emission area of
the display substrate as light irradiated to the optical mask
passes through a patterned opening in the reflection layer.
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