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7) ABSTRACT

Provided are a substrate moving unit for use with a deposition
apparatus that allows a deposition material to be precisely
deposited on a target site of a substrate. The substrate moving
unit includes an electrostatic chuck having a first surface on
whicha substrate is fixable and a magnetic force applying unit
disposed on a second surface of the electrostatic chuck. A
deposition apparatus including the substrate moving unit, a
method of manufacturing an organic light-emitting display
apparatus, and an organic light-emitting display apparatus
manufactured by using the method are also presented.
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SUBSTRATE MOVING UNIT FOR
DEPOSITION, DEPOSITION APPARATUS
INCLUDING THE SAME, METHOD OF
MANUFACTURING ORGANIC
LIGHT-EMITTING DISPLAY APPARATUS BY
USING THE DEPOSITION APPARATUS, AND
ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS MANUFACTURED BY USING
THE METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0059930 filed on May 27,2013 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The present inventive concept relates to a substrate
moving unit, and in particular, to a substrate moving unit for
deposition that allows a deposition material to be accurately
deposited on a substrate.

[0004] 2. Description of the Related Art

[0005] Among display apparatuses, organic light-emitting
display devices are drawing much attention as the next-gen-
eration mainstream display. This is due to various advantages
they offer, such as wider viewing angles, better contrast char-
acteristics, and faster response speeds than many other dis-
play devices.

[0006] An organic light-emitting display device includes
an intermediate layer including an emission layer disposed
between a first electrode and a second electrode. The first
electrode, the second electrode, and the intermediate layer
may be formed by using various methods, one of which is an
independent deposition method. When an organic light-emit-
ting display apparatus is manufactured by using the deposi-
tion method, a fine metal mask (FMM) having a pattern that is
identical or similar to that of, for example, an intermediate
layer is disposed to be close to a substrate on which the
intermediate layer is to be formed, and a material for the
intermediate layer is deposited thereon to form the interme-
diate layer having a predetermined pattern.

[0007] However, a deposition method according to the
related art using the FMM presents difficulties with prepara-
tion of large organic light-emitting display apparatuses. A
large FMM is used when large organic light-emitting display
apparatuses are manufactured by using a large mother glass.
A large FMM may also be used when a plurality of organic
light-emitting display apparatuses are simultaneously manu-
factured by using a large mother substrate. During the manu-
facturing process involving a large FMM, the FMM may bend
due to its own weight, making it difficult to form an interme-
diate layer having a predetermined fine pattern. Moreover,
aligning a large substrate and a large FMM close to each
other, performing deposition thereon, and separating the
FMM from the substrate are time-consuming, resulting in a
long manufacturing time and low production efficiency.

SUMMARY

[0008] A substrate moving unit for use with a deposition
apparatus that allows a deposition material to be accurately
deposited on a target site on a substrate, a deposition appara-
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tus including the substrate moving unit, a method of manu-
facturing an organic light-emitting display apparatus, and an
organic light-emitting display apparatus manufactured by
using the method are presented.

[0009] Additional aspects 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 ofthe presented
embodiments.

[0010] According to an aspect of the present invention, a
substrate moving unit for use with a deposition apparatus
includes: an electrostatic chuck configured to fix a substrate
on a first surface; and a magnetic force applying unit disposed
on a second surface of the electrostatic chuck.

[0011] The first surface of the electrostatic chuck may have
a substrate mounting surface and a first buffer surface located
to a side of the substrate mounting surface, and the magnetic
force applying unit covers at least the substrate mounting
surface and the first buffer surface.

[0012] The first surface of the electrostatic chuck may fur-
ther have a margin surface located across the substrate mount-
ing surface from the first buffer surface, wherein the first
buffer surface is larger than the margin surface.

[0013] Thesubstrate moving unit may further include a first
dummy substrate disposed on the first buffer surface.

[0014] The first surface of the electrostatic chuck may fur-
ther have a second buffer surface located across the substrate
mounting surface from the first buffer surface, and the mag-
netic force applying unit further covers the second buffer
surface. In this regard, the substrate moving unit may further
include: a second dummy substrate disposed on the second
buffer surface.

[0015] According to another aspect of the present inven-
tion, a deposition apparatus includes: a moving unit includ-
ing: an electrostatic chuck configured to detachably fix a
substrate on a first surface, and a magnetic force applying unit
disposed on a second surface of the electrostatic chuck; a
conveying unit including: a first conveying unit configured to
convey the moving unit in a first direction, and a second
conveying unit configured to convey the moving unit in a
second direction opposite to the first direction, wherein the
first conveying unit and the second conveying unit move the
moving unit in a loop; and a deposition unit including at least
one deposition assembly configured to deposit a material on
the substrate while being spaced apart from the substrate and
while the first conveying unit conveys the substrate fixed on
the moving unit, wherein the deposition assembly includes: a
deposition source configured to hold a deposition material; a
deposition source nozzle that is configured to eject the depo-
sition material toward the first conveying unit from the depo-
sition source and that includes deposition source nozzle; and
a patterning slit sheet between the deposition source nozzle
and the moving unit, the patterning slit sheet including a
plurality of patterning slits.

[0016] Themagnetic force applying unit appliesa magnetic
force to the patterning slit sheet to prevent the patterning slit
sheet from bending away from the first conveying unit.
[0017] The first surface of the electrostatic chuck has a
substrate mounting surface on which the substrate is to be
mounted and a first buffer surface located to a side of the
substrate mounting surface, wherein the magnetic force
applying unit corresponds to at least the substrate mounting
surface and the first buffer surface, and the moving unit on
which the substrate is fixed is conveyed by the first conveying
unit to approach the patterning slit sheet of the deposition
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assembly such that the first buffer surface approaches the
patterning slit sheet before the substrate mounting surface
approaches the patterning slit sheet.

[0018] The first surface of the electrostatic chuck further
has a margin surface located on the other side of the substrate
mounting surface such that the substrate mounting surface
approaches the patterning slit sheetbefore the margin surface
approaches the patterning slit sheet while the moving unit is
transported by the first conveying unit, wherein the first buffer
surface is larger than the margin surface.

[0019] The deposition apparatus may further include a first
dummy substrate disposed on the first buffer surface.

[0020] The first surface of the electrostatic chuck may fur-
ther have a second buffer surface located across the substrate
mounting surface from the first buffer surface such that the
substrate mounting surface approaches the patterning slit
sheet before the second buffer surface approaches the pattern-
ing slit sheet while the moving unit approaches the patterning
slit sheet Furthermore, the deposition apparatus may further
include: a second dummy substrate disposed on the second
buffer surface.

[0021] According to another aspect of the present inven-
tion, a method of manufacturing an organic light-emitting
display apparatus includes: conveying a moving unit into a
chamber by using a first conveying unit while a substrate is
fixed on a first surface of an electrostatic chuck of the moving
unit; forming a layer by depositing a deposition material
ejected from a deposition assembly on the substrate while the
substrate 1s spaced apart from the deposition assembly in the
chamber and being moved with respect to the deposition
assembly by the first conveying unit; and returning the mov-
ing unit separated from the substrate by using a second con-
veying unit, wherein the deposition assembly includes: a
deposition source configured to hold a deposition material; a
deposition source nozzle that is configured to eject the depo-
sition material toward the first conveying unit from the depo-
sition source; and a patterning slit sheet between the deposi-
tion source nozzle and the moving unit, the patterning slit
sheet including a plurality of patterning slits, and wherein the
forming ofa layer comprises using a magnetic force applying
unit to apply a magnetic force-induced attractive force to the
patterning slit sheet to prevent the patterning slit sheet from
bending away from the first conveying unit, wherein the mag-
netic force applying unit is disposed across the electrostatic
chuck from the first surface.

[0022] Thefirst surface of the electrostatic chuck may have
a substrate mounting surface on which the substrate is to be
mounted and a first buffer surface located to a side of the
substrate mounting surface, and the magnetic force applying
unit covers at least the substrate mounting surface and the first
buffer surface, wherein the forming of a layer comprises
transporting the substrate with respect to the deposition
assembly by using the first conveying unit in such a way that
the first buffer surface of the surface of the electrostatic chuck
approaches the patterning slit sheet before the substrate
mounting surface approaches the patterning slit sheet.
[0023] The first surface of the electrostatic chuck may fur-
ther have a margin surface located across the substrate mount-
ing surface from the first buffer surface such that the substrate
mounting surface approaches the patterning slit sheet and
then, the margin surface approaches the patterning slit sheet
while the moving unit, on which the substrate is fixed,
approaches the patterning slit sheet of the deposition assem-
bly by the first conveying unit.
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[0024] The moving unit may further include a first dummy
substrate disposed on the first buffer surface of the electro-
static chuck, and in the forming of the layer, when the first
buffer surface is disposed above the patterning slit sheet of the
deposition assembly, the magnetic force applying unit dis-
posed on the other surface corresponding to the surface of the
electrostatic chuck of the moving unit applies an attractive
force due to a magnetic force to the patterning slit sheet
through the first dummy substrate.

[0025] The first surface of the electrostatic chuck of the
moving unit has a second buffer surface disposed across the
substrate mounting surface from the first buffer surface, and
the magnetic force applying unit covers at least the second
buffer surface, wherein in the forming of the layer, the sub-
strate is conveyed relatively to the deposition assembly by
using the first conveying unit such that the substrate mounting
surface approaches the patterning slit sheet before the second
buffer surface approaches the patterning slit sheet. In this
regard, the moving unit may further include a second dummy
substrate disposed on the second buffer surface of the elec-
trostatic chuck of the moving unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings of which:

[0027] FIG. 1isaconceptual plan view schematically illus-
trating a deposition apparatus according to an embodiment of
the present invention;

[0028] FIG. 2is a side conceptual view schematically illus-
trating a deposition unit of the deposition apparatus of FIG. 1,
[0029] FIG. 3 is a perspective cross-sectional view sche-
matically illustrating a portion of a deposition unit of the
deposition apparatus of FIG. 1;

[0030] FIG. 4is a cross-sectional view schematically illus-
trating a portion of a deposition unit of the deposition appa-
ratus of FIG. 1;

[0031] FIG. 5 is a side cross-sectional view schematically
illustrating a portion of a deposition assembly in a moving
unit and a deposition unit of a deposition apparatus according
to another embodiment of the present invention;

[0032] FIG. 6 is a side cross-sectional view schematically
illustrating a portion of a deposition assembly in a moving
unit and a deposition unit of a deposition apparatus according
to another embodiment of the present invention;

[0033] FIG. 7 is a side cross-sectional view schematically
illustrating a portion of a deposition assembly in a moving
unit and a deposition unit of a deposition apparatus according
to another embodiment of the present invention;

[0034] FIG. 8 is a side cross-sectional view schematically
illustrating a portion of a deposition assembly in a moving
unit and a deposition unit of a deposition apparatus according
to another embodiment of the present invention;

[0035] FIG. 9 is a side cross-sectional view schematically
illustrating a portion of a deposition assembly in a moving
unit and a deposition unit of a deposition apparatus according
to another embodiment of the present invention;

[0036] FIG. 10 is a perspective view schematically illus-
trating a portion of a deposition assembly of a deposition
apparatus according to another embodiment of the present
invention; and
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[0037] FIG. 11 is a schematic cross-sectional view of an
organic light-emitting display apparatus manufactured by
using the deposition apparatus of FIG. 1.

DETAILED DESCRIPTION

[0038] Hereinafter, embodiments of the present invention
will be described in detail with reference to accompanying
drawings. However, the present invention is not limited to the
embodiments. These embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the concept of the invention to those skilled in the art.
Also, for convenience of description, the size of constituting
elements in the drawings may be exaggerated. For example,
the size of constituting elements in the drawings is only an
example for convenience of description. Accordingly, the
present invention is not limited thereto.

[0039] Inthe following embodiments, the x axis, the v axis,
and the z axis are not limited to three axes on a perpendicular
coordinate, and may be interpreted broadly as a general con-
cept including the axes. For example, the x axis, the y axis,
and the z axis may be perpendicular to each other in some
examples, and in other examples, the x axis, the y axis, and the
7 axis may indicate different directions that are not perpen-
dicular to each other.

[0040] Also, in the following description, when a constitu-
ent element, such as a layer, a film, a region, or a plate, is
described to exist on another constituent element, the con-
stituent element may exist directly on the other constituent
element or another constituent element may be interposed
therebetween.

[0041] 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.

[0042] A method and apparatus for depositing layers on a
large substrate are presented. Today, achieving precise depo-
sition on a large substrate faces challenges stemming from the
use of a large fine metal mask, which may bend and cause
deposition errors. The apparatus disclosed herein provides an
electrostatic chuck having a first surface on which a substrate
can be fixed and a second surface that receives a magnetic
force. A patterning slit sheet is positioned near the first sur-
face of the electrostatic chuck, in a way thatit would not come
in direct contact with the substrate when the substrate is fixed
on the chuck. Deposition material is supplied to the patterning
slit sheet such that it flows through the slits and reaches the
substrate.

[0043] The electric chuck is configured to move with
respect to the patterning slit sheet. The deposition material is
thus deposited on the substrate while the substrate is moving,
allowing the entire substrate surface to be accessible for depo-
sition using a patterning slit sheet that is smaller than the
substrate size. To prevent the magnetic force from vibrating
the patterning slit sheet and compromising the accuracy of the
deposition, a buffer area may be formed on the electric chuck
to stabilize the vibration. Various aspects of the apparatus and
method are described in more detail below.

[0044] FIG.11isaconceptual plan view schematically illus-
trating a deposition apparatus according to an embodiment of
the present invention. FIG. 2 is a side conceptual view sche-
matically illustrating a deposition unit 100 of the deposition
apparatus of FIG. 1.
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[0045] Referring to FIGS. 1 and 2, the deposition apparatus
according to an embodiment of the present invention includes
the deposition unit 100, a loading unit 200, an unloading unit
300, a conveying unit 400, and a patterning slit sheet replace-
ment unit 500. The conveying unit 400 may include a first
conveying unit 410 that may convey in a first direction a
moving unit 430 on which a substrate (2, see FIG. 3) is
detachably fixed and a second conveying unit 420 that may
convey the moving unit 430 separated from the substrate 2 in
a direction opposite to the first direction.

[0046] The loading unit 200 may include a first rack 212, a
transport chamber 214, a first inversion chamber 218, and a
buffer chamber 219.

[0047] A plurality of substrates, on which deposition is to
be performed, are stacked on the first rack 212. A transport
mechanism holds up a substrate from the first rack 212 and
mounts the substrate on the moving unit 430 which has been
conveyed by the second conveying unit 420 and located inside
the transport chamber 214. The substrate may be fixed on the
moving unit 430 by using a clamp, and the moving unit 430,
on which the substrate is fixed, is moved toward the first
inversion chamber 218. Before the substrate 2 is fixed on the
moving unit 430, if needed, the substrate 2 may be aligned
with respect to the moving unit 430.

[0048] In first inversion chamber 218 located adjacent to
the transport chamber 214, a first inversion mechanism
inverses the moving unit 430. That is, the transport mecha-
nism mounts the substrates 2 on a top surface of the moving
unit 430, and while a surface of the substrate 2 opposite to a
surface thereof facing the moving unit 430 faces upwards, the
moving unit 430 is conveyed toward the first inversion cham-
ber 218, and when the first inversion mechanism inverses the
first inversion chamber 218, the surface of the substrate 2
opposite to the surface thereof facing the moving unit 430
faces downwards. In this state, the first conveying unit 410
conveys the moving unit 430 on which the substrate is fixed.
[0049] The unloading unit 300 proceeds in the reverse
direction to that of the loading unit 200. That is, the substrate
and the moving unit 430 that have passed the deposition unit
100 are inversed (e.g., turned upside down) in a second inver-
sion chamber 328 by using a second inversion mechanism
and then conveyed toward ejection release chamber 324. In
the release chamber 324, the substrate is separated from the
moving unit 430. The substrate (e.g., the substrate from which
the moving unit 430 is separated) is mounted on the second
rack 322. The second conveying unit 420 conveys the moving
unit 430 separated from the substrate to return to the loading
unit 200.

[0050] Embodiments of the present invention are not lim-
ited to what is described above. For example, originally, the
substrate may be fixed on a bottom surface of the moving unit
430 and may be conveyed in this state. In this case, for
example, the first inversion mechanism of the first inversion
chamber 218 and the second inversion mechanism of the
second inversion chamber 328 may not be used. Also, both the
first inversion mechanism of the first inversion chamber 218
and the second inversion mechanism of the second inversion
chamber 328 may inverse (turn the subject upside down),
instead of just one of the first inversion chamber 218 and the
second inversion chamber 328 (whichever one holds the mov-
ing unit 430 on which the substrate is fixed). In this case,
while the moving unit 430 is located on the conveying unit,
which may convey the moving unit 430 supporting the sub-
strate, inside the first inversion chamber 218, the conveying
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unit 420 inside the first inversion chamber 218 may rotate at
an angle of 180 degrees. When this rotation happens, the
conveying unit 420 inside the first inversion chamber 218 may
act as the first inversion mechanism or the second inversion
mechanism. In this regard, the conveying unit 420 inside the
first inversion chamber 218 may be a portion of the first
conveying unit or a portion of the second conveying unit.
[0051] The deposition unit 100 may include, as illustrated
in FIGS. 1 and 2, a chamber 101, and the chamber 101 may
contain a plurality of deposition assemblies 100-1, 100-2, . .
., and 100-11. In FIG. 2, a first deposition assembly 100-1
through an eleventh deposition assembly 100-11 are disposed
in the chamber 101. However, the number of deposition
assemblies may vary according to a deposition material and a
deposition condition. During deposition, the chamber 101
may be maintained in a vacuum state or a state that is similar
to vacuum state.

[0052] Thefirst conveying unit410 may convey the moving
unit 430 on which the substrate is fixed toward at least the
deposition unit 100, and for example, may sequentially move
from the loading unit 200 to the deposition unit 100, and to the
unloading unit 300. The second conveying unit 420 returns
the moving unit 430, which is separated from the substrate in
the unloading unit 300, to the loading unit 200. By doing so,
the moving unit 430 may circulate due to the first conveying
unit 410 and the second conveying unit 420.

[0053] The first conveying unit 410 may be disposed in
such a manner that when the first conveying unit 410 passes
through the deposition unit 100, the first conveying unit 410
passes through the chamber 101. The second conveying unit
420 may be configured to convey the moving unit 430 from
which the substrate is separated.

[0054] In this regard, the first conveying unit 410 and the
second conveying unit 420 may be positioned to face each
other. Due to this configuration, the moving unit 430 support-
ing the substrate on which deposition is performed while
passing through the first conveying unit 410 is separated from
the substrate in the unloading unit 300, and then returned to
the loading unit 200 by the second conveying unit 420 dis-
posed under the first conveying unit 410. Thus, space is uti-
lized efficiently. In some embodiments, the second conveying
unit 420 may be disposed above the first conveying unit 410.
[0055]  Also, as illustrated in FIG. 1, the deposition unit 100
may include a deposition source replacement unit 190 dis-
posedona side of each of the first through eleventh deposition
assemblies 100-1 to 100-11. Although not illustrated in detail,
the deposition source replacement unit 190 may be formed in
a cassette form, such that they can be removable from each of
the first through eleventh deposition assemblies 100-1 to 100-
11. By doing so, a deposition source (110 of FIG. 3) of the
deposition assembly 100-1 is ecasily replaced with a new
deposition source.

[0056] In FIG. 1, two deposition apparatuses each includ-
ing the loading unit 200, the deposition unit 100, the unload-
ing unit 300, and the conveying unit 400 are arranged in
parallel to each other. In this case, a patterning slit sheet
replacement unit 500 may be disposed between the two depo-
sition apparatuses. That is, since two deposition apparatuses
may share the patterning slit sheet replacement unit 500, thus
improving space utilization efficiency compared to a case in
which each of the deposition apparatuses includes its own
patterning slit sheet replacement unit 500.

[0057] FIG. 3 is a perspective cross-sectional view sche-
matically illustrating a portion of the deposition unit 100 of

Nov. 27,2014

the deposition apparatus of FIG. 1. FIG. 4 is a cross-sectional
view schematically illustrating a portion of the deposition
unit 100 of the deposition apparatus of FIG. 1. Referring to
FIGS. 3 and 4, the deposition unit 100 of a deposition appa-
ratus according to an embodiment of the present inventive
concept includes a chamber 101 and at least one deposition
assembly 100-1.

[0058] Thechamber 101 may have an empty box shape, and
may house at least one deposition assembly 100-1 therein. As
illustrated, the conveying unit 400 may also be housed in the
chamber 101, and in some cases, may extend outside the
chamber 101.

[0059] The chamber 101 may house a bottom housing 103
and a top housing 104. In detail, the bottom housing 103 is
disposed on a foot 102 that is fixable to a ground, and the top
housing 104 may be disposed on the bottom housing 103. A
connection portion of the bottom housing 103 and the cham-
ber 101 may be encapsulated to block the inside of the cham-
ber 101 from the outside. Since the bottom housing 103 and
the top housing 104 are disposed on the foot 102 fixed on the
ground, even when the chamber 101 repeatedly shrinks and/
or expands, the locations of the bottom housing 103 and the
top housing 104 may be fixed. Accordingly, the bottom hous-
ing 103 and the top housing 104 may act as a reference frame
within the deposition unit 100.

[0060] The top housing 104 may house the deposition
assembly 100-1 and the first conveying unit 410 of the con-
veying unit 400, and the bottom housing 103 may house the
second conveying unit 420 of the conveying unit 400. While
the moving unit 430 is transported by the first conveying unit
410 and the second conveying unit 420, deposition may be
repeatedly performed on the substrate fixed on the moving
unit 430. The moving unit 430 may include an electrostatic
chuck 432a on which a substrate is fixable and a magnetic
force applying unit 4324 that is disposed on a surface of the
electrostatic chuck 432a opposite to the substrate. In other
embodiments, as illustrated, the moving unit 430 may further
include a carrier 431 that is directly or indirectly connected to
the electrostatic chuck 432q or the magnetic force applying
unit 4325.

[0061] The carrier 431 may include a main body 431a, a
linear motor system (LMS) magnet 4315, a contactless power
supply (CPS) module 431¢, a power unit 431d, and a guide
groove 431e. However, according to purpose, the carrier 431
may further include a cam follower.

[0062] The main body 431a may constitute a substrate of
the carrier 431, and may be formed of a magnetic material,
such as iron. The main body 4314 of the carrier 431 may allow
the carrier 431 to be spaced apart from the guide unit 412 of
the first conveying unit 410 due to an attractive force or a
repulsive force with magnetic levitation bearings (not
shown). A guide groove 431e may be formed on both sides of
the main body 431a. The guide groove 431e may house either
a guide protrusion 4124 of the guide unit 412 of the first
conveying unit 410 or a roller guide 422 of the second con-
veying unit 420.

[0063] Furthermore, the main body 431a may include a
magnetic rail 4315 disposed along a central line of a progress-
ing direction (Y axis direction). The magnetic rail 4315 of the
main body 431a¢ may constitute a linear motor together with
acoil 411 of'the first conveying unit 410, and due to the linear
motor, the carrier 431, that is, the moving unit 430 may be
conveyed in a “direction A.” Accordingly, even without sup-
ply of power, the moving unit 430 may be conveyed when a



US 2014/0349428 Al

current is applied to the coil 411 of the first conveying unit
410. To do this, a plurality of the coils 411 may be arranged at
constant intervals in the chamber 101 in theY direction. Since
the coil 411 is disposed in an atmosphere box, the coil 411
may be installed in an atmospheric condition.

[0064] The main body 431a may include a CPS module
431c¢ disposed on a side of the magnetic rail 4315 and a power
unit431d disposed on the other side of the magnetic rail 4315.
The power unit 4314 may include a chargeable battery for
supplying power to allow the electrostatic chuck 432« to
chuck the substrate and maintain the chucked substrate, and
the CPS module 431¢ is a wireless charging module for
charging the chargeable battery of the power unit 4314. The
second conveying unit 420 includes a charging track 423,
which is connected to an inverter (not shown) and thus, when
the second conveying unit 420 coveys the carrier 431, a mag-
netic force is generated between the charging track 423 and
the CPS module 431¢ and thus, power is supplied to the CPS
module 431¢, and thus, the power unit 4314 is charged.

[0065] The electrostatic chuck 432¢ may include a main
body formed of ceramic and electrodes which are embedded
in the main body and to which power is applied. The electro-
static chuck 432a may allow the substrate 2 to be attached to
the surface of its main body, when high voltage is applied to
the electrodes embedded in the main body from the power
unit 4314 of the main body 431a of the carrier 431.

[0066] The magnetic force applying unit 4325 may include
a permanent magnet or an electric magnet, and may apply a
magnetic force to a patterning slit sheet 130 disposed under
the substrate 2 through the electrostatic chuck 4324 and the
substrate 2 fixed on the electrostatic chuck 432a. The mag-
netic force applying unit 4325 may prevent the patterning slit
sheet 130 from bending downwards (-Z direction).

[0067] Thefirst conveying unit410 may convey the moving
unit 430 on which the substrate is fixed in the first direction
(+Y direction). The first conveying unit 410 includes the coil
411 and the guide unit 412, and may further include magnetic
levitation bearings and a gap sensot.

[0068] Thecoil 411 and the guide unit 412 may be disposed
on an inner surface of the top housing 104. For example, the
coil 411 may be disposed on a top inner surface of the top
housing 104, and the guide unit 412 may be disposed on side
inner surfaces of the top housing 104.

[0069] The coil 411 may constitute, as described above, a
linear motor together with the magnetic rail 4315 of the main
body 431a of the moving unit 430 to allow the moving unit
430 to move. The guide unit 412 may guide the moving unit
430 in such a manner that when the moving unit 430 moves,
the moving unit 430 is conveyed in the first direction (Y axis
direction). The guide unit 412 may be disposed to pass
through the deposition unit 100.

[0070] Indetail, the guide unit 412 may house both sides of
the carrier 431 of the moving unit 430 to guide the carrier 431
to move in the direction A (shown by an arrow) of FIG. 3. To
do this, the guide unit 412 includes a firstaccommodation part
412a disposed under the carrier 431, a second accommoda-
tion part 4125 disposed above the carrier 431, and a connec-
tion portion 412¢ connecting the first accommodation part
412a to the second accommodation part 4125. The first
accommodation part 412a, the second accommodation part
412b, and the connection portion 412¢ may form an accom-
modation groove, and the guide unit 412 may have a guide
protrusion 4124 in the accommodation groove.
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[0071] Magnetic levitation bearings (not shown) may be
disposed on the connection portion 412¢ ofthe guide unit 412
to correspond to both sides of the carrier 431. Due to the
magnetic levitation bearings, the carrier 431 is spaced apart
from the guide unit 412, and thus, when the carrier 431 is
conveyed along the guide unit 412, the carrier 431 does not
contact the guide unit 412. The magnetic levitation bearings
may be further disposed on the second accommodation part
41254 of the guide unit 412 to make them be disposed above
the carrier 431, and in this case, the magnetic levitation bear-
ings may allow the carrier 431 to move along the guide unit
412 at constant intervals while the carrier 431 does not con-
tact the first accommodation part 412a or the second accom-
modation part 4125. To detect intervals between the carrier
431 and the guide unit 412, the guide unit 412 may include a
gap sensor (not shown) disposed on the first accommodation
part 412a and/or the connection portion 412¢ to correspond to
a lower portion of the carrier 431. According to values mea-
sured by using the gap sensor, the magnetic force of the
magnetic levitation bearings may be changed to adjust an
interval between the carrier 431 and the guide unit 412 in real
time. That is, due to the feedback control performed by using
magnetic levitation bearings and the gap sensor, the carrier
431 may be finely conveyed.

[0072] The second conveying unit 420 may return to the
loading unit 200 the moving unit 430 on which deposition is
performed while passing the deposition unit 100 and from
which the substrate 2 is separated in the unloading unit 300.
The second conveying unit 420 may include a coil 421 and a
roller guide 422, which are disposed in the bottom housing
103, and the charging track 423 described above. For
example, the coil 421 and the charging track 423 may be
disposed on a top inner surface of the bottom housing 103 and
the roller guide 422 may be disposed on both side surfaces of
the bottom housing 103. In this regard, although not illus-
trated, the coil 421 may be, like the coil 411 of the first
conveying unit 410, disposed inside an atmospheric box.
[0073] The coil 421 may constitute, like the coil 411, a
linear motor together with the magnetic rail 4316 of the
carrier 431 of the moving unit 430. Due to the linear motor,
the moving unit 430 may be conveyed in an opposite direction
(=Y direction) to the first direction (+Y direction).

[0074] The roller guide 422 may guide the carrier 431 to
move in a second direction opposite of the first direction. The
roller guide 422 may be disposed to pass through the depo-
sition unit 100. The roller guide 422 supports a cam follower
(not shown) disposed on both sides of the carrier 431 of the
moving unit 430, and guides the moving unit 430 to be con-
veyed in the opposite direction (=Y direction) of the first
direction (+Y direction).

[0075] The second conveying unit 420 returns the moving
unit 430 separated from the substrate 2 towards the loading
unit 200. Accordingly, compared to the first conveying unit
410 for conveying the moving unit 430 on which the substrate
is fixed to perform deposition on the substrate 2, the moving
unit 430 is required to relatively low position accuracy. Thus,
amagpnetic levitation function is provided to the first convey-
ing unit 410, which is required to have high position accuracy
for the moving unit 430 conveyed thereby, to make the mov-
ing unit 430 have a high position accuracy, and a roller
method according to the related art is applied to the second
conveying unit 420. By doing so, the structure of a deposition
apparatus is simplified, and manufacturing costs for the depo-
sition apparatus may reduce. In other embodiments, if
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needed, the magnetic levitation function may also be applied
to the second conveying unit 420.

[0076] The deposition assembly 100-1 may, when the first
conveying unit 410 conveys the substrate 2 fixed on the mov-
ing unit 430 in the first direction (+Y direction), deposit a
material on the substrate 2 while the deposition assembly
100-1 is spaced apart from the substrate 2. Hereinafter, a
detailed structure of the deposition assembly 100-1 will be
described.

[0077] The deposition assembly 100-1 includes a deposi-
tion source 110, a deposition source nozzle unit 120, a pat-
terning slit sheet 130, a shielding member 140, a first stage
150, a second stage 160, a camera 170, and a sensor 180. In
this regard, most of the elements illustrated in FIGS. 3 and 4
may be arranged in the chamber 101 maintained in an appro-
priate vacuum state. This structure is needed to achieve the
linearity of a deposition material.

[0078] The deposition source 110 may hold a deposition
material. The deposition source 110 may be disposed in a
lower portion of the top housing 104, and thus, when the
deposition material 115 placed inside the deposition source
110 vaporizes/evaporates, the deposition material may flow
in a direction toward the substrate 2 (for example, +Z direc-
tion) via deposition source nozzles 121. In detail, the depo-
sition source 110 includes a crucible 111 to be filled with the
deposition material 115, and a heater 112 that heats the cru-
cible 111 to evaporate the deposition material 115 filled in the
crucible 111.

[0079] The deposition source 110 includes a deposition
source nozzle unit 120 with a deposition source nozzle 121
thereon configured to let the deposition material out toward
the first conveying unit 410 (+Z direction). The deposition
source nozzle unit 120 illustrated in FIG. 3 includes a plural-
ity of the deposition source nozzles 121. In other embodi-
ments, the deposition source nozzle unit 120 may have,
instead of the protrusion shape-nozzles, holes or other outlets
for use as a nozzle.

[0080] Thepatterning slit sheet 130 may be disposed to face
the deposition source nozzle unit 120, and may have a plu-
rality of patterning slits positioned in a row (e.g., X-axis
direction). The patterning slit sheet 130 may be located
between the deposition source 110 and the substrate 2. The
deposition material 115 vaporized in the deposition source
110 may pass through the deposition source nozzle unit 120
and the patterning slit sheet 130 and may be deposited on the
substrate 2, which is the target. In other embodiments, how-
ever, when a deposition layer is formed on the entire surface
of the substrate 2, the patterning slit sheet 130 may have,
instead of a plurality of patterning slits, an opening extending
in the X-axis.

[0081] The patterning slit sheet 130 may be manufactured
by etching used in manufacturing a conventional fine metal
mask (FMM), for example, a stripe-type mask. The pattern-
ing slit sheet 130 may be spaced apart from the deposition
source 110 and the deposition source nozzle unit 120 coupled
to the deposition source 110.

[0082] To form a desired pattern on the substrate 2 by
depositing the deposition material 115 ejected from the depo-
sition source 110 through the deposition source nozzle unit
120 and the patterning slit sheet 130, the inside of a chamber
(not shown) needs to have a high-vacuum state, which is
identical or similar to that in the case of FMM deposition.
Also, the temperature of the patterning slit sheet 130 may be
sufficiently lower than the temperature of the deposition
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source 110 (about 100° C. or lower). Only when the tempera-
ture of the patterning slit sheet 130 is sufficiently low, thermal
expansion of the patterning slit sheet 130 due to temperature
may be minimized. That is, when the temperature of the
patterning slit sheet 130 raises, due to the thermal expansion,
the size or location of patterning slits of the patterning slit
sheet 130 may change, and thus, the pattern formed on the
substrate 2 may be different from a predetermined pattern.
[0083] The substrate 2, which is a target, may be disposed
inside the chamber 101. The substrate 2 may be a substrate for
a flat panel display apparatus, and may be a large substrate
such as a mother glass for forming a plurality of flat panel
display apparatuses.

[0084] As described above, when a conventional deposi-
tion method using a FMM is used, the area of the FMM needs
to be same as the area of a substrate. Accordingly, an increase
in the size of the substrate leads to a larger FMM, making it
difficult to manufacture a FMM. Also, due to the weight ofthe
FMM, the FMM may bend. Accordingly, an intermediate
layer having a predetermined accurate pattern is not formed.
[0085] However, according to the deposition apparatus
according to the present embodiment, deposition is per-
formed while the deposition assembly 100-1 and the substrate
2 move relatively to each other. In detail, while the first
conveying unit 410 conveys the substrate 2 fixed on the mov-
ing unit 430 in the first direction (+Y direction), the deposi-
tion assembly 100-1 spaced apart from the substrate 2 at a
predetermined distance deposits a material on the substrate 2.
In other words, while the substrate 2 disposed to face the
deposition assembly 100-1 is conveyed in the arrow A direc-
tion of FIG. 3, deposition is performed by scanning. Although
in the drawing, the substrate 2 is subjected to deposition while
the substrate 2 moves in the +Y direction in the chamber 101,
the present invention is not limited thereto. For example, in
another embodiment, the location of the substrate 2 may be
fixed and deposition is performed thereon while the deposi-
tion assembly 100-1 moves in the -Y direction.

[0086] Accordingly, in the case of the deposition apparatus
according to the present embodiment, the size of the pattern-
ing slit sheet 130 may be much smaller than that of a conven-
tional FMM. That is, in the case of the deposition apparatus
according to the present embodiment, deposition is per-
formed continuously in a scanning manner while the sub-
strate 2 moves along the Y-axis. Accordingly, even when the
length of the patterning slit sheet 130 in the Y-axis direction is
much smaller than the length of the substrate 2 in the Y-axis
direction, deposition may be sufficiently performed on almost
the entire surface of the substrate 2.

[0087] As described above, since the size of the patterning
slit sheet 130 may be much smaller than the size of a conven-
tional FMM, the patterning slit sheet 130 may be manufac-
tured very easily. That is, in processes for manufacturing the
patterning slit sheet 130, including an etching process, a fine
tensioning process, a welding process, a moving process, and
awashing process, the patterning slit sheet 130 having a small
size is much advantageous over processes associated with a
large-area FMM. This advantage may be more appropriate for
a larger display apparatus.

[0088] As described above, the deposition assembly 100-1
may, when the first conveying unit 410 conveys the substrate
2 fixed on the moving unit 430 in the first direction (+Y
direction), deposit a material on the substrate 2 while the
deposition assembly 100-1 is spaced apart from the substrate
2. This means that the patterning slit sheet 130 is spaced apart
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from the substrate 2 at a predetermined distance. Inthe case of
a deposition apparatus using a FMM, the FMM contacts a
substrate to cause defects. However, in the case of the depo-
sition apparatus according to the present embodiment, such
defects may be efliciently prevented. Also, since there is no
required period during which a substrate and amask remain in
contact with each other, manufacturing speed may substan-
tially increase.

[0089] The upper housing 104 may have an accommoda-
tion portion 104-1 that protrudes on both sides of the depo-
sition source 110 and the deposition source nozzle unit 120,
and the first stage 150 and the second stage 160 may be
disposed on the accommodation portion 104-1, and the pat-
terning slit sheet 130 may be disposed on the second stage
160.

[0090] The first stage 150 may control the location of the
patterning slit sheet 130 in the X-axis direction and the Y-axis
direction. That is, the first stage 150 may include a plurality of
actuators to change the location of the patterning slit sheet
130 in the X-axis direction and the Y-axis direction with
respect to the upper housing 104. The second stage 160 may
control the location of the patterning slit sheet 130 in the
Z-axis direction. For example, the second stage 160 includes
actuators to change the location of the patterning slit sheet
130 in the Z-axis direction with respect to the first stage 150,
that is, the upper housing 104.

[0091] As described above, the first stage 150 and the sec-
ondstage 160 are used to control the location of the patterning
slit sheet 130 with respect to the substrate 2 to align (e.g., in
real-time) the substrate 2 and the patterning slit sheet 130.

[0092] Also, the upper housing 104, the first stage 150, and
the second stage 160 may guide the deposition material in
such a manner that the deposition material exiting through the
position source nozzle 121 is not dispersed. That is, the upper
housing 104, the first stage 150, and the second stage 160 may
restrict the movement of the deposition material in the X-axis
direction.

[0093] Also, the deposition assembly 100-1 may further
include the camera 170 and the sensor 180 which are used for
aligning. The sensor 180 may be a confocal sensor. The
camera 170 may monitor (e.g., in real time) a first mark (not
shown) formed on the patterning slit sheet 130 and a second
mark (not shown) formed on the substrate 2 to produce data
for aligning the patterning slit sheet 130 and the substrate 2
with accuracy on an XY plane, and the sensor 180 may
produce data associated with separation distances between
the patterning slit sheet 130 and the substrate 2 to separate the
patterning slit sheet 130 from the substrate 2 by appropriate
distances.

[0094] As described above, the camera 170 and the sensor
180 monitor distances between the substrate 2 and the pat-
terning slit sheet 130, often in real time. Accordingly, the
substrate 2 and the patterning slit sheet 130 are real-time
aligned. Thus, a pattern with high location accuracy may be
obtained.

[0095] Also, the shielding member 140 may be disposed
between the patterning slit sheet 130 and the deposition
source 110 to prevent a material from being deposited on a
non-film formation area of the substrate 2. Although not
illustrated in detail, the shielding member 140 may include
two plates located adjacent to each other. Since the shielding
member 140 shields the non-film formation area of the sub-
strate 2, the deposition of a material on the non-film formation
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area of the substrate 2 may be effectively prevented even
without use of a separate structure.

[0096] Also, as described above, the substrate 2 fixed on a
first surface of the moving unit 430 may be conveyed by the
first conveying unit 410 above the deposition assembly 100-1
in the first direction (+Y direction) while the substrate 2 is
spaced apart from the deposition assembly 100-1 by a prede-
termined distance. That is, the substrate 2 fixed on the moving
unit430is disposed adjacent to the patterning slit sheet 130 of
the deposition assembly 100-1, and while not in contact with
the patterning slit sheet 130, the substrate 2 may be conveyed
by the first conveying unit 410 in the first direction (+Y
direction). Accordingly, the central portion of the patterning
slit sheet 130 may bend in the -Z direction due to the self
gravity.

[0097] Unlike a conventional FMM, since the substrate 2
fixed on the moving unit 430 is conveyed by the first convey-
ing unit 410 in the first direction (+Y direction) and deposi-
tion is performed continuously, that is, in a scanning manner,
the length of the patterning slit sheet 130 in the first direction
(+Y direction) may be much smaller than the Y-axis direction
of the substrate 2. Accordingly, the area of the patterning slit
sheet 130 is substantially smaller than that of a conventional
FMM, and thus, compared to the conventional FMM, the
degree of the weight-induced bending may not be high. How-
ever, since the length of the patterning slit sheet 130 in the
second direction (X-axis direction) perpendicular to the first
direction (+Y direction) corresponds to the length of the
substrate 2 in the second direction (X-axis direction), when
deposition is performed on a large-area substrate, the bending
of the patterning slit sheet 130 due to the weight may be taken
into consideration.

[0098] As described above, when the bending of the central
portion of the patterning slit sheet 130 is taken into consider-
ation, the deposition material ejected from the deposition
source 110 through the patterning slit sheet 130 to the sub-
strate 2 may not be accurately deposited on a predetermined
location of the substrate 2.

[0099] However, in the case of the deposition apparatus
according to the present embodiment, the moving unit 430
includes, in addition to the electrostatic chuck 432q having a
surface on which the substrate 2 is fixable, the magnetic force
applying unit 4324 disposed on a second surface of the elec-
trostatic chuck 432a. The first surface and the second surface
ofthe electrostatic chuck 432a may be opposite surfaces, as in
the embodiment of FIG. 4. The magnetic force applying unit
432 may apply a magnetic force to the patterning slit sheet
130 disposed under the electrostatic chuck 4324 and the sub-
strate 2 fixed on the electrostatic chuck 432a through the
electrostatic chuck 432a and the substrate 2 fixed on the
electrostatic chuck 432a. Accordingly, when the substrate 2
passes through the patterning slit sheet 130, due to the mag-
netic force of the magnetic force applying unit 4324, the
patterning slit sheet 130 is pulled in a direction toward the
substrate 2 (a direction toward the first conveying unit 410),
so that the patterning slit sheet 130 maintains its non-contact
state with the substrate 2 and the bending of the central
portion of the patterning slit sheet 130 is prevented, leading to
asubstantial increase in accuracy of deposition. To do this, the
patterning slit sheet 130 may include, for example, a material
to which a magnetic force is applicable, such as metal.
[0100] FIG. 5 is a side cross-sectional view schematically
illustrating a portion of a deposition assembly in the moving
unit 430 and the deposition unit 100 of a deposition apparatus
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according to another embodiment of the inventive concept. In
the deposition apparatus according to the present embodi-
ment, a surface 4324' of the electrostatic chuck 432a, on
which the substrate 2 is fixed, has a substrate mounting sur-
face SS on which the substrate 2 is mounted and a first buffer
surface BS1 located next to (in the first direction (+Y direc-
tion)) the substrate mounting surface SS. In some embodi-
ments, instead of the side of the substrate mounting surface
SS, for example, a margin surface MS may be located on the
other side of the substrate mounting surface SS in the opposite
direction (that is, the opposite direction of the first direction
(=Y direction)).

[0101] The margin surface MS may be an area that remains
when the substrate 2 is fixed on the electrostatic chuck 432q.
Accordingly, the margin surface MS may be understood as a
conventionally referred margin space. Since the area of the
first buffer surface BS1 is greater than the area of the margin
surface MS, the first buffer surface BS1 may be understood as
a planned buffer space, not the conventional margin space.
[0102] Inthisregard, the magnetic force applying unit 4325
disposed on the other surface 4324" of the electrostatic chuck
432a may correspond to at least the substrate mounting sut-
face SS and the first buffer surface BS1. In associated draw-
ings, the magnetic force applying unit 4324 has an area cov-
ered by the substrate mounting surface SS, the first buffer
surface BS1, and the margin surface MS.

[0103] As described above, the substrate 2 is conveyed by
the moving unit 430 including the electrostatic chuck 432a
and the magnetic force applying unit 4324 in the first direc-
tion (+Y direction). During the conveying, when the magnetic
force applying unit 4325 is located above the patterning slit
sheet 130, due to the magnetic force of the magnetic force
applying unit 4325, the patterning slit sheet 130 may not bend
downward (-7 direction) and may be pulled upward (+7
direction). In this regard, when the magnetic force applying
unit 4326 begins to enter the space above the patterning slit
sheet 130 and moves the patterning slit sheet 130 upward (+Z
direction), the patterning slit sheet 130 may vibrate due to the
movement of some of the patterning slit sheet 130. As
described above, when the patterning slit sheet 130 vibrates,
the deposition material, which is emitted from the deposition
source110 and disposed on the substrate 2 through the pat-
terning slit sheet 130, may not be accurately deposited on a
predetermined site.

[0104] However, in the case of the deposition apparatus
according to the present embodiment, the surface 0f4324' of
the electrostatic chuck 432a, on which the substrate 2 is fixed,
has the substrate mounting surface SS on which the substrate
2 is mounted and the first buffer surface BS1 located next to
the substrate mounting surface SS in the first direction (+Y
direction). The magnetic force applying unit 4324 corre-
sponds to the substrate mounting surface SS and the first
buffer surface BS1.

[0105] Accordingly, when the substrate 2 is conveyed by
the moving unit 430 including the electrostatic chuck 432a
and the magnetic force applying unit 4324 in the first direc-
tion (+Y direction), the first buffer surface BS1 approaches
and passes above the patterning slit sheet 130 before the
substrate mounting surface SS (on which the substrate 2 is
mounted) passes above the patterning slit sheet 130. Accord-
ingly, even when the patterning slit sheet 130 vibrates due to
the application of a magnetic force by the magnetic force
applying unit 432b, the vibration may be gradually reduced
while the first buffer surface BS1 is passing above the pat-
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terning slit sheet 130. As a result, by the time the substrate
mounting surface SS on which the substrate 2 is mounted
passes above the patterning slit sheet 130, the vibration of the
patterning slit sheet 130 might have ended or may be minimal.
Accordingly, the deposition material may be deposited with
enhanced accuracy on a predetermined site of the substrate 2.
[0106] As described above, although a magnetic force is
applied to the patterning slit sheet 130, the first buffer surface
BS1, on which the substrate 2 is not disposed, needs to be
sufficiently large to remove or minimize the vibration of the
patterning slit sheet 130. In this aspect, the area of the first
buffer surface BS1 may correspond to at least the area of the
patterning slit sheet 130. The margin surface MS, on the other
hand, may be smaller.

[0107] Whenthe magnetic force applying unit 4325 applies
a magnetic force to the patterning slit sheet 130 while being
conveyed in the first direction +Y direction, initially, the
magnetic force is applied to only a portion of the patterning
slit sheet 130 (in the -Y direction). Thereafter, more area of
the patterning slit sheet 130 is affected by the magnetic force,
and eventually, the entire area of the patterning slit sheet 130
is affected by the magnetic force. The patterning slit sheet 130
vibrates when the magnetic force is applied to less than all of
the patterning slit sheet 130. When the entire area of the
patterning slit sheet 130 is affected by the magnetic force, the
patterning slit sheet 130 may not vibrate or even when the
vibration occurs, the vibration may not affect the accuracy of
deposition. Accordingly, by controlling the area of the first
buffer surface BS1 to correspond to at least the area of the
patterning slit sheet 130, a decrease in the accuracy of depo-
sition due to the vibration of the patterning slit sheet 130 may
be effectively prevented.

[0108] FIG. 6 is a side cross-sectional view schematically
illustrating a portion of a deposition assembly in the moving
unit 430 and the deposition unit 100 of a deposition apparatus
according to another embodiment of the present inventive
concept. The deposition apparatus according to the present
embodiment is different from the deposition apparatus
described in connection with FIG. 5. For example, the surface
4324’ of the electrostatic chuck 432a includes, in addition to
the first buffer surface BS1 located on the side (+Y direction)
of the substrate mounting surface SS, a second buffer surface
BS2 located on the other side (=Y direction) of the substrate
mounting surface SS. The magnetic force applying unit 4325
covers the second buffer surface BS2.

[0109] The substrate 2 is conveyed by the moving unit 430
including the electrostatic chuck 432a and the magnetic force
applying unit 4325 in the first direction (+Y direction). Dur-
ing the conveying, when the magnetic force applying umt
4325 is located above the patterning slit sheet 130, due to the
magnetic force of the magnetic force applying unit 4325, the
patterning slit sheet 130 may not bend downward (-7 direc-
tion) and may be pulled upward (+7 direction). In this regard,
when the magnetic force applying unit 4325 begins to leave
the space above the patterning slit sheet 130, the patterning
slit sheet 130 may vibrate due to the movement of some of the
patterning slit sheet 130. As described above, when the pat-
terning slit sheet 130 vibrates, the deposition material that is
emitted from the deposition sourcel10 and lands on the sub-
strate 2 through the patterning slit sheet 130, may not be
accurately deposited on a predetermined site.

[0110] However, in the case of the deposition apparatus
according to the present embodiment, the surface 0of4324' of
the electrostatic chuck 432a on which the substrate 2 is fixed
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has the substrate mounting surface SS on which the substrate
2 is mounted and the second buffer surface BS2 located on the
other side (first direction (+Y direction)) of the substrate
mounting surface SS. The magnetic force applying unit 4325
covers the second buffer surface BS2.

[0111] Accordingly, when the substrate 2 is conveyed by
the moving unit 430 including the electrostatic chuck 432a
and the magnetic force applying unit 4324 in the first direc-
tion (+Y direction), and when the substrate mounting surface
SS on which the substrate 2 is mounted leaves the space above
the patterning slit sheet 130, the second buffer surface BS2
passes above the patterning slit sheet 130. Accordingly, even
when the substrate mounting surface SS, with the substrate 2
on it, leaves the space above the patterning slit sheet 130, the
magnetic force applying unit 4325 may continuously apply a
magnetic force to the patterning slit sheet 130. As a result,
before the substrate mounting surface SS, on which the sub-
strate 2 is mounted, completely leaves the space above the
patterning slit sheet 130, any vibration of the patterning slit
sheet 130 may have stopped. Accordingly, the deposition
material may be accurately deposited without interference
from the vibration on a predetermined site of the substrate 2.
[0112] As described above, although a magnetic force is
applied to the patterning slit sheet 130, the second buffer
surface BS2 has a minimum size to remove or minimize the
vibration of the patterning slit sheet 130 until the substrate 2
leaves the space above the patterning slit sheet 130. In this
aspect, the area of the second buffer surface BS2 may equal to
at least the area of the patterning slit sheet 130.

[0113] That is, when the magnetic force applying unit 4325
is conveyed in the first direction (+Y direction) and begins to
leave the space above the patterning slit sheet 130, the mag-
netic force may stop being applied to a portion (=Y direction)
of the patterning slit sheet 130, or the applied magnetic force
may begin to get reduced. Thereafter, a more and more of the
patterning slit sheet 130 is not affected by the magnetic force,
and eventually, the entire patterning slit sheet 130 is not
affected by the magnetic force. The patterning slit sheet 130
may vibrate only when the magnetic force is not applied to a
portion of the patterning slit sheet 130 or the applied magnetic
force is weak. Accordingly, when the substrate 2 is com-
pletely left above the patterning slit sheet 130, and the mag-
netic force stops to be applied to a portion of the patterning slit
sheet 130 or the applied magnetic force becomes weak
enough during the deposition of material on the substrate 2,
the patterning slit sheet 130 may not vibrate. Further, even
when the patterning slit sheet 130 vibrates, the vibration does
notaffect the accuracy of deposition. Accordingly, by making
the second buffer surface BS2 to be at least as large as the
patterning slit sheet 130, any negative effect on the accuracy
of deposition due to the vibration of the patterning slit sheet
130 may be effectively reduced or prevented.

[0114] FIG. 7 is a side cross-sectional view schematically
illustrating a portion of a deposition assembly in the moving
unit 430 and the deposition unit 100 of a deposition apparatus
according to another embodiment of the present invention.
The deposition apparatus according to the present embodi-
ment is different from the deposition apparatus described in
connection with FIG. 5. For example, the deposition appara-
tus further includes a first dummy substrate DS1 disposed on
the first buffer surface BS1. In this regard, the first dummy
substrate DS1, unlike the substrate 2 that is detachable from
the electrostatic chuck 432a, is fixed on the electrostatic
chuck 4324, in some cases permanently. The material for
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forming the first dummy substrate DS1 may be the same as or
similar to that of the substrate 2.

[0115] As described above in connection with FIG. 5, the
vibration of the patterning slit sheet 130 may be minimized by
allowing the surface 4324' of the electrostatic chuck 432a to
have the first buffer surface BS1 in addition to the substrate
mounting surface SS. Vibration may be further minimized by
making the magnetic force applying unit 4325 to correspond
to at least the substrate mounting surface SS and the first
buffer surface BS1, when the substrate 2 passes above the
patterning slit sheet 130.

[0116] Before the substrate 2 passes above the patterning
slit sheet 130, when the first buffer surface BS1 passes above
the patterning slit sheet 130, due to the presence of first
dummy substrate DS1 on the first buffer surface BS1, a mag-
netic force applied to the patterning slit sheet 130 may affect
the patterning slit sheet 130 through the electrostatic chuck
432¢ and first dummy substrate DS1. As a result, when the
substrate 2 passes above the patterning slit sheet 130, a mag-
netic force with an intensity that is identical or similar to that
of the magnetic force applied to patterning slit sheet 130
through the electrostatic chuck 432a and the substrate 2 may
be applied to the patterning slit sheet 130 when the first buffer
surface BS1 passes above the patterning slit sheet 130 before
the substrate 2 passes above the patterning slit sheet 130.
[0117] As described above, by controlling the state and/or
environment of the patterning slit sheet 130 at the time the
first buffer surface BS1 passes above the patterning slit sheet
130 to be identical or similar to the state and/or environment
of the patterning slit sheet 130 at the time the substrate 2
passes above the patterning slit sheet 130, the deposition may
be accurately performed on the substrate 2.

[0118] Also, in addition to the structure in which the first
dummy substrate DS1 is disposed on the first buffer surface
BS1, as illustrated in FIG. 8 which is a side cross-sectional
view schematically illustrating a portion of a deposition
assembly in the moving unit 430 and the deposition unit 100
of a deposition apparatus according to another embodiment
of the present invention, the electrostatic chuck 432a may
have a second buffer surface BS2.

[0119] FIG. 9 is a side cross-sectional view schematically
illustrating a portion of a deposition assembly in the moving
unit 430 and the deposition unit 100 of a deposition apparatus
according to another embodiment of the inventive concept.
As illustrated in FIG. 9, the second dummy substrate DS2
may be disposed on the second buffer surface BS2 by con-
trolling the state and/or environment of the patterning slit
sheet 130 at the time the second buffer surface BS2 passes
above the patterning slit sheet 130 to be identical or similar to
the state and/or environment of the patterning slit sheet 130 at
the time the substrate 2 passes above the patterning slit sheet
130. This way, the deposition may be accurately performed
on the substrate 2. The second dummy substrate DS2, unlike
the substrate 2 that is detachable from the electrostatic chuck
432a, may be permanently fixed on the electrostatic chuck
432a. The first dummy substrate DS1 may be forme of the
same or similar material as the substrate 2.

[0120] FIG. 10 is a perspective view schematically illus-
trating a portion of a deposition assembly of a deposition
apparatus according to another embodiment of the present
inventive concept.

[0121] The patterning slit sheet 130 may have the shape
illustrated in FIG. 10. As illustrated in FIG. 10, the patterning
slit sheet 130 may include a frame 135 and a sheet 133
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attached thereto by, for example, welding. The sheet 133 may
have a plurality of patterning slits 131 aligned in, for example,
the X-axis direction. The deposition material located inside
the crucible 111 of the deposition sourcel10 may be evapo-
rated by a heater 112 and be emitted via the deposition source
nozzle 121 of the deposition source nozzle unit 120. The
deposition material reaches the substrate 2 through the pat-
terning slit 131 of the patterning slit sheet 130. In this regard,
the deposition source 110 and/or the deposition source nozzle
unit 120 may be coupled to the patterning slit sheet 130, for
example by using a connection member 137.

[0122] Also, in manufacturing an organic light-emitting
display apparatus, when an intermediate layer including an
emission layer is formed, an integrally formed common layer
may be formed on the entire display region, or a pattern layer
may be formed on a predetermined region of the display
region. When the common layer is formed on the substrate 2,
the patterning slit sheet 130 may have one large opening
instead of a plurality of patterning slits 131. In addition, if an
integrally formed layer is formed on the substrate 2, the
bending of the patterning slit sheet 130 may not be a serious
problem.

[0123] Evenwhena pattern layer is formed on the substrate
2, as illustrated in F1G. 10, due to a plurality of the deposition
source nozzles 121 of the deposition source nozzleunit 120 of
the deposition assembly which are aligned in the first direc-
tion (+Y direction), on a plane (ZX plane) perpendicular to
the first direction (+Y direction), one deposition source
nozzle 121 may be disposed along a second direction (for
example, the X-axis direction) that is perpendicular to the first
direction (+Y direction) and is parallel to the substrate 2 fixed
on the moving unit 430. Accordingly, when a pattern layer is
formed, occurrence of a shadow may be substantially
reduced.

[0124] While the above description focuses on a deposition
apparatus, embodiments of the present inventive concept are
not limited thereto. For example, a method of manufacturing
an organic light-emitting display apparatus by using the
deposition apparatus is also within the scope of the present
inventive concept.

[0125]  According to a method of manufacturing an organic
light-emitting display apparatus according to an embodiment
of the present invention, the moving unit 430 is conveyed to
the chamber 101 by using the first conveying unit 410 pro-
vided such that the moving unit 430, on which the substrate 2
is fixed, passes through the chamber 101. Thereafter, when
the deposition assembly 100-1 disposed inside the chamber
101 is spaced apart from the substrate 2 while the substrate 2
is moved with respect to the deposition assembly 100-1 by
using the first conveying unit 410, the deposition material
emitted from the deposition assembly 100-1 is deposited on
the substrate 2 to form a layer. Then, the moving unit 430
separated from the substrate 2 is returned by using the second
conveying unit 420 that passes through the chamber 101. By
doing so, the moving unit 430 may continue to move in
alternating directions by using the first conveying unit 410
and the second conveying unit 420.

[0126] Regarding the method of manufacturing an organic
light-emitting display apparatus described above, the deposi-
tion assembly may be one of the deposition assemblies of the
deposition apparatuses according to the previous embodi-
ments. In the forming of a layer, when the moving unit 430
with the substrate is disposed above the patterning slit sheet
130 of the deposition assembly 100-1, the magnetic force
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applying unit 4325 disposed on the other surface 4324" cor-
responding to the side 4324 ofthe electrostatic chuck 432q of
the moving unit 430 applies a magnetic force-induced attrac-
tive force to the patterning slit sheet 130 to prevent the pat-
terning slit sheet 130 from bending away from (=Z direction)
the first conveying unit 410.

[0127] Also, in the forming of a layer, for example, as
illustrated in FIG. 5, the substrate 2 may be moved relatively
to the deposition assembly 100-1 by using the first conveying
unit 410 in such a way that the first buffer surface BS1 of the
surface 4324’ of the electrostatic chuck 4324 approaches the
patterning slit sheet 130 before the substrate mounting sur-
face SS approaches the patterning slit sheet 130. By doing so,
when the substrate 2 passes above the patterning slit sheet
130, the vibration of the patterning slit sheet 130 may be
minimized. By doing so, when the substrate 2 passes above
the patterning slit sheet 130, the vibration of the patterning slit
sheet 130 may be minimized. In this regard, the area of the
first buffer surface BS1 may be greater than the area of the
margin surface MS, and may be about the same as the area of
the patterning slit sheet 130.

[0128] Furthermore, in the forming of a layer, for example,
as illustrated in FIG. 6, immediately after the substrate
mounting surface SS of the surface 4324’ of the electrostatic
chuck 4324 leaves the space above the patterning slit sheet
130, the second buffer surface BS2 of the surface 432a' of the
electrostatic chuck 432a may pass above the patterning slit
sheet 130. This way, by the time the substrate 2 leaves the
space above the patterning slit sheet 130, the vibration of the
patterning slit sheet 130 may be minimized. In this regard, the
area of the second buffer surface BS2 may correspond to the
area of the patterning slit sheet 130.

[0129] Also, as illustrated in FIG. 7, the moving unit 430
may further include a first dummy substrate BS1 disposed on
the first buffer surface BS1 of the electrostatic chuck 4324,
and in the forming of the layer, when the first buffer surface
BS1 is disposed above the patterning slit sheet 130 of the
deposition assembly 100-1, the magnetic force applying unit
432b disposed on the other surface 432a" corresponding to
the surface 4324' of the electrostatic chuck 432a of the mov-
ing unit 430 may apply a magnetic force to the patterning slit
sheet 130 through the first dummy substrate DS1. By doing
s0, the environment of the patterning slit sheet 130 when the
first buffer surface BS1 passes above the patterning slit sheet
130 may be controlled to be identical or similar to the envi-
ronment of the patterning slit sheet 130 when the substrate
mounting surface SS passes above the patterning slit sheet
130. Furthermore, as illustrated in FIG. 8, the first dummy
substrate DS1 may be disposed on the first buffer surface BS1
and a second buffer surface BS2 may exist, and as illustrated
in FIG. 9, even the second dummy substrate DS2 may exist on
the second buffer surface BS2.

[0130] FIG. 11 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to another
embodiment of the present inventive concept manufactured
by using the deposition apparatus of FIG. 1.

[0131] Referring to FIG. 11, various elements of an organic
light-emitting display apparatus are formed on a substrate 50.
The substrate 50 may be substantially similar to the substrate
2 illustrated in FIG. 3, or a cut portion of the substrate 2. The
substrate 50 may be formed of a transparent material, for
example, glass, plastic, or metal.

[0132] A common layer, such as a buffer layer 51, a gate
insulating layer 53, or an interlayer insulating layer 55, may
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be formed on the entire surface of the substrate 50, and a
patterned semiconductor layer 52 including a channel region
52a, a source contact region 524, and a drain contact region
52¢ may be formed, and a gate electrode 54, a source elec-
trode 56, and a drain electrode 57, which constitute a thin film
transistor TFT together with the patterned semiconductor
layer 52, may be formed.

[0133] Also, a protection film 58 covering the thin film
transistor TFT, and a planarization film 59 that has a top flat
surface and is disposed on the protection film 58 may be
formed on the entire surface of the substrate 50. An organic
light-emitting device OLED including a patterned pixel elec-
trode 61, an opposite electrode 63 roughly corresponding to
the entire surface of the substrate 50, and a multi-layered
intermediate layer 62 including an emission layer interposed
between the pixel electrode 61 and the opposite electrode 63
are disposed on the planarization film 59. Unlike the illus-
trated intermediate layer 62, some layers of the intermediate
layer 62 may be common layers covering the substrate 50, and
other layers of the intermediate layer 62 may be patterned
layers corresponding to the pixel electrode 61. The pixel
electrode 61 may be electrically connected to the thin film
transistor TFT. In some embodiments, the pixel defining film
60 covering an edge of the pixel electrode 61 and having
openings defining pixel regions may be formed on the pla-
narization film 59 to roughly correspond to the entire surface
of the substrate 50.

[0134] In the case of the organic light-emitting display
apparatus, at least some of the constituents thereof may be
formed by using the deposition apparatuses according to the
previous embodiments and the methods of manufacturing an
organic light-emitting display apparatus according to the pre-
vious embodiments.

[0135] For example, the intermediate layer 62 may be
formed by using the deposition apparatuses according to the
previous embodiments and the methods of manufacturing an
organic light-emitting display apparatus according to the pre-
vious embodiments. For example, a hole injection layer
(HIL), a hole transport layer (HTL), an emission layer
(EML), an electron transport layer (ETL), and electron injec-
tion layer (EIL), which may constitute the intermediate layer
62, may be formed by using the deposition apparatuses
according to the previous embodiments and the methods of
manufacturing an organic light-emitting display apparatus
according to the previous embodiments.

[0136] Layers of the intermediate layer 62 may be formed
in a state in which a deposition assembly including a deposi-
tion source, a deposition source nozzle unit 121, and a pat-
terning slit sheet 133 may be disposed to be spaced apart from
a target substrate. In such a case, when using a substrate that
has any number oflayers formed on it up to the pixel electrode
61 (see FIG. 11), deposition may be performed while any one
of the deposition assembly and the substrate are moving
relatively to each other.

[0137] When the patterning slit sheet includes, as illus-
trated in FIG. 10, a plurality of patterning slits 131 aligned in
the X-axis direction, a layer of the intermediate layer 62
formed by using the patterning slit sheet may have a linear
pattern. The layer may be, for example, an emission layer.
[0138] As described above, the deposition apparatus illus-
trated in FIG. 1 is suitable for accurate deposition on a pre-
determined region of a large-area substrate. The predeter-
mined region may be substantially all of the substrate or less
than all of the substrate. Accordingly, for example, even in an
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organic light-emitting display apparatus including a substrate
with a size of 40 inch or more, the intermediate layer 62 may
be accurately formed, leading to manufacturing of a high-
quality organic light-emitting display apparatus.
[0139] Also, the moving unit 430, which is an element of
the deposition apparatuses according to the previous embodi-
ments, is within the scope of the present invention. That is, the
moving unit 430 according to an embodiment of the present
invention may include the electrostatic chuck 432a and the
magnetic force applying unit 4326. The moving unit 430 is
used in a deposition process, and may be a substrate moving
unit on which the substrate 2 may be fixable. The moving unit
430 may have different embodiments. For example, as illus-
trated in FIGS. 5 10 9, the moving unit 430 may include the
first buffer surface BS1 and/or the second buffer surface BS2,
and the first dummy substrate DS1 and/or the second dummy
substrate DS2.
[0140] According to an embodiment of the inventive con-
cept, a substrate moving unit for deposition that allows a
deposition material to be deposited on a target site on a
substrate with improved accuracy, a deposition apparatus
including the substrate moving unit, a method of manufac-
turing an organic light-emitting display apparatus, and an
organic light-emitting display apparatus manufactured by
using the method may be embodied. This, however, does not
limit the scope of the inventive concept.
[0141] It should be understood that the exemplary embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.
What is claimed is:
1. A method of manufacturing an organic light-emitting
display apparatus, the method comprising:
conveying a moving unit into a chamber by using a first
conveying unit while a substrate is fixed on a first surface
of an electrostatic chuck of the moving unit;
forming a layer by depositing a deposition material ejected
from a deposition assembly on the substrate while the
substrate is spaced apart from the deposition assembly in
the chamber and being moved with respect to the depo-
sition assembly by the first conveying unit; and
returning the moving unit separated from the substrate by
using a second conveying unit,
wherein the deposition assembly includes:

a deposition source configured to hold a deposition
material;

a deposition source nozzle that is configured to eject the
deposition material toward the first conveying unit
from the deposition source; and

a patterning slit sheet between the deposition source
nozzle and the moving unit, the patterning slit sheet
including a plurality of patterning slits, and

wherein the forming of a layer comprises using a magnetic
force applying unit to apply a magnetic force-induced
attractive force to the patterning slit sheet to prevent the
patterning slit sheet from bending away from the first
conveying unit, wherein the magnetic force applying
unit is disposed across the electrostatic chuck from the
first surface.

2. The method of claim 1, wherein

the first surface of the electrostatic chuck has a substrate
mounting surface on which the substrate is to be
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mounted and a first buffer surface located to a side of the
substrate mounting surface, and the magpetic force
applying unit covers at least the substrate mounting sut-
face and the first buffer surface,

wherein the forming of a layer comprises transporting the
substrate with respect to the deposition assembly by
using the first conveying unit in such a way that the first
buffer surface of the surface of the electrostatic chuck
approaches the patterning slit sheet before the substrate
mounting surface approaches the patterning slit sheet.

3. The method of claim 2, wherein

the first surface of the electrostatic chuck further has a
margin surface located across the substrate mounting
surface from the first buffer surface such that the sub-
strate mounting surface approaches the patterning slit
sheet before the margin surface approaches the pattern-
ing slit sheet while the moving unit, on which the sub-
strate is fixed, approaches the patterning slit sheet of the
deposition assembly by the first conveying unit.

4. The method of claim 2, wherein

the moving unit further includes a first dummy substrate
disposed on the first buffer surface of the electrostatic
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chuck, and in the forming of the layer, when the first
buffer surface is disposed above the patterning slit sheet
of the deposition assembly, the magnetic force applying
unit disposed on the other surface corresponding to the
surface of the electrostatic chuck of the moving unit
applies an attractive force due to a magnetic force to the
patterning slit sheet through the first dummy substrate.

5. The method of claim 2, wherein

the first surface of the electrostatic chuck of the moving
unit has a second buffer surface disposed across the
substrate mounting surface from the first buffer surface,
and the magnetic force applying unit covers at least the
second buffer surface,

wherein in the forming of the layer, the substrate is moved
with respect to the deposition assembly by using the first
conveying unit such that the substrate mounting surface
approaches the patterning slit sheet before the second
buffer surface approaches the patterning slit sheet.

6. The method of claim 5, further comprising

a second dummy substrate disposed on the second buffer
surface of the electrostatic chuck of the moving unit.
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