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THIN FILM DEPOSITION APPARATUS AND
METHOD OF MANUFACTURING ORGANIC
LIGHT-EMITTING DISPLAY DEVICE BY
USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2010-0128617, filed on Dec. 15, 2010, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] Thedisclosure relates to a thin film deposition appa-
ratus and a method of manufacturing an organic light-emit-
ting display device by using the same, and more particularly,
to a thin film deposition apparatus that is easily applied to the
manufacture of large-sized display devices on a mass scale
and that improves manufacturing yield, and a method of
manufacturing an organic light-emitting display device by
using the thin film deposition apparatus.

[0004] 2. Description of the Related Technology

[0005] Organic light-emitting display devices have a larger
viewing angle, better contrast characteristics, and a faster
response rate than other display devices, and thus have drawn
attention as a next-generation display device.

[0006] Organic light-emitting display devices generally
have a stacked structure including an anode, a cathode, and an
emission layer interposed between the anode and the cathode,
so that the organic light-emitting display devices display
images in color when holes and electrons, injected respec-
tively from the anode and the cathode, recombine in the
emission layer and thus light is emitted. However, it is diffi-
cult to achieve high light-emission efficiency with such a
structure, and thus intermediate layers, including an electron
injection layer, an electron transport layer, a hole transport
layer, a hole injection layer, and the like, are optionally addi-
tionally interposed between the emission layer and each of
the electrodes.

[0007] Also,itis practically difficult to form fine patterns in
organic thin films such as the emission layer and the interme-
diate layers, and red, green, and blue light-emission effi-
ciency varies according to the organic thin films. For these
reasons, it is not typically easy to form an organic thin film
pattern on a large substrate, such as a mother glass having a
size of 5 G or more, by using a conventional thin film depo-
sition apparatus, and thus it is difficult to manufacture large
organic light-emitting display devices having satisfactory
driving voltage, current density, brightness, color purity,
light-emission efficiency, life-span characteristics. Thus,
there is a demand for improvement in this regard.

[0008] An organic light-emitting display device includes
intermediate layers, including an emission layer disposed
between a first electrode and a second electrode that are
arranged opposite to each other. The electrodes and the inter-
mediate layers may be formed via various methods, one of
which s a deposition method. When an organic light-emitting
display device is manufactured using the deposition method,
a fine metal mask (FMM) having the same pattern as a thin
film to be formed is disposed to closely contact a substrate,
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and a thin film material is deposited over the FMM in order to
form the thin film having the desired pattern.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0009] Embodiments provide a thin film deposition appa-
ratus that may be easily manufactured, that may be easily
applied to manufacture large-sized display devices on a mass
scale, and that improves manufacturing yield and deposition
efficiency, and a method of manufacturing an organic light-
emitting display device by using the thin film deposition
apparatus.

[0010] According to one aspect, there is provided a thin
film deposition apparatus for forming a thin film on a sub-
strate, the thin film deposition apparatus including: a magnet
disposed on a first surface of the substrate; a patterning wheel
disposed on a second surface opposite to the first surface of
the substrate, rotatable around a rotation axis, and comprising
a plurality of grooves along a peripheral surface; and a pat-
terning wire comprising a plurality of blockers having shapes
corresponding to the plurality of grooves of the patterning
wheel, and windable to the patterning wheel.

[0011] The patterning wire may include two frame wires
disposed to face each other, and the plurality of blockers
connecting the two frame wires.

[0012] A predetermined patterning space may be formed
between neighboring blockers of the plurality of blockers,
while the patterning wire may be tightly coupled to the sub-
strate.

[0013] A deposition material may be deposited on the sec-
ond surface of the substrate through the patterning space.
[0014] The plurality of grooves and the plurality of block-
ers may have substantially the same shapes and may be dis-
posed at regular intervals.

[0015] Each of the plurality of blockers may be accommo-
dated in each of the plurality of grooves when the patterning
wire is wound around the patterning wheel.

[0016] Aninterval between neighboring grooves ofthe plu-
rality of grooves, and an interval between neighboring block-
ers of the plurality of blockers may be substantially the same.
[0017] Cross sections of the plurality of grooves and the
plurality of blockers may be triangular.

[0018] The patterning wire may include a magnetic sub-
stance, and the patterning wire may be tightly coupled to the
second surface of the substrate according to a magnetic force
acting between the magnet and the patterning wire.

[0019] The magnetic substance may include at least of cop-
per (Co), platinum (Pt), iron (Fe), nickel (Ni), and lanthanum
(La).

[0020] The patterning wheel may include at least one of a
permanent magnet and an electromagnet, and the patterning
wire may maintain a wound state around the patterning wheel
by a magnetic force acting between the patterning wheel and
the patterning wire.

[0021] The magnet may be formed to have a magnetic force
stronger than the patterning wheel.

[0022] The patterning wire may be accommodated in the
plurality of blockers, and may further include a core including
a magnetic substance.

[0023] The thin film deposition apparatus may further
include a pressurizer disposed on the patterning wheel at a
side opposite to the substrate, having a roller shape, and
pressurizing each of the plurality of blockers so that each of
the plurality of blockers is matched to each of the plurality of
grooves.
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[0024] The thin film deposition apparatus may further
include a rotatable alignment wheel of a cylindrical shape,
including a plurality of protrusions along a peripheral surface
ofthe alignment wheel, disposed at one side of the patterning
wheel, and pressurizing the plurality of blockers so that a
location of the patterning wire tightly coupled to the substrate
is aligned.

[0025] The patterning wire may be unwound from the pat-
terning wheel and tightly coupled to the substrate to form a
mask for deposition.

[0026] The patterning wire wound around the patterning
wheel may be unwound and tightly coupled to the substrate as
the substrate relatively moves with respect to the patterning
wheel and the patterning wheel rotates based on the rotation
axis.

[0027] According to another aspect, there is provided a
method of manufacturing an organic light-emitting display
device, the method including: preparing a patterning wheel
having a peripheral surface wound by a patterning wire; rec-
tilinearly moving a substrate while rotating the patterning
wheel around a rotation axis; tightly coupling the patterning
wire to the substrate as the patterning wire wound around the
patterning wheel is unwound when the patterning wheel
rotates; and depositing an organic material on the substrate by
using the patterning wire tightly coupled to the substrate as a
mask.

[0028] A magnet may be disposed on the substrate, the
patterning wire may include a magnetic substance, and the
patterning wire wound to the patterning wheel may be tightly
coupled to the substrate after being unwound by a magnetic
force acting between the magnet and the patterning wire.

[0029] The rectilinearly moving of the substrate and the
rotating of the patterning wheel may be performed at the same
speed.

[0030] The patterning wire may include two frame wires

disposed to face each other, and a plurality of blockers con-
necting the two frame wires, and a predetermined patterning
space may be formed between neighboring blockers of the
plurality of blockers while the patterning wire is tightly
coupled to the substrate.

[0031] A second organic material may be deposited after a
first organic material is deposited while the patterning wire is
tightly coupled to the substrate, and then the patterning wire
tightly coupled to the substrate may be moved by a predeter-
mined interval in parallel.

[0032] The predetermined interval may be %4 of a width of
one of the plurality of blockers in a moving direction of the
substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The above and other features and advantages will
become more apparent by describing in detail certain
embodiments with reference to the attached drawings in
which:

[0034] FIG.1isaplanview of anembodiment ofan organic
light-emitting display device manufactured by using a thin
film deposition apparatus;

[0035] FIG. 2 is a cross-sectional view of a sub-pixel of the
organic light-emitting display device illustrated in FIG. 1;
[0036] FIG.3 is a schematic side view of an embodiment of
a thin film deposition apparatus;

[0037] FIG. 4 is a schematic perspective view of a pattern-
ing wheel and a patterning wire of the thin film deposition
apparatus of FIG. 3;
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[0038] FIGS. 5 through 7 are views for describing an
embodiment of a method of manufacturing an organic light-
emitting display device by using the thin film deposition
apparatus of FIG. 3;

[0039] FIG. 8 is a view for describing another embodiment
of a method of manufacturing an organic light-emitting dis-
play device by using the thin film deposition apparatus of
FIG. 3;

[0040] FIG. 9 is a schematic side view of another embodi-
ment of a thin film deposition apparatus;

[0041] FIG. 10 is a schematic side view of another embodi-
ment of a thin film deposition apparatus;

[0042] FIG. 11 is a schematic side view of another embodi-
ment of a thin film deposition apparatus; and

[0043] FIG. 12 is a schematic side view for describing
another embodiment of a method of manufacturing an
organic light-emitting display device by using a thin film
deposition apparatus.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0044] Hereinafter, the present invention will be described
more fully with reference to the accompanying drawings, in
which certain embodiments of the invention are shown. The
invention may, however, be embodied in many different
forms and should not be construed as being limited to the
embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the concept of the invention to
those skilled in the art.

[0045] FIG.1isaplanview of an embodiment of an organic
light-emitting display device manufactured by using a thin
film deposition apparatus.

[0046] Referring to FIG. 1, an embodiment of the organic
light-emitting display device includes a pixel region 30 and
circuit regions 40 disposed at edges of the pixel region 30. The
pixel region 30 includes a plurality of pixels, and each of the
pixels includes an emission unit that emits light to display an
image.

[0047] Inoneembodiment, the emission unit may include a
plurality of sub-pixels, each of which includes an organic
light-emitting diode (OLED). In a full-color organic light-
emitting display device, red (R red organic material), green
(G green organic material) and blue (B blue organic material)
sub-pixels are arranged in various patterns, such as for
example, in a line, mosaic, or lattice pattern, to constitute a
pixel. The organic light-emitting display device may include
a monochromatic flat display device.

[0048] The circuit regions 40 control, for example, an
image signal that is input to the pixel region 30. In some
embodiments of the organic light-emitting display device, at
least one thin film transistor (TFT) may be installed in each of
the pixel region 30 and the circuit regions 40.

[0049] The atleast one TFT installed in the pixel region 30
may include a pixel TFT, such as a switching TFT that trans-
mits a data signal to an OLED according to a gate line signal
to control the operation of the OLED, and a driving TFT that
drives the OLED by supplying current according to the data
signal. The at least one TFT installed in the circuit region 40
may include a circuit TFT constituted to implement a prede-
termined circuit.

[0050] In various embodiments, the number and arrange-
ment of TFTs may vary according to the features of the
display device and the driving method thereof



US 2012/0156818 Al

[0051] FIG. 2 is a cross-sectional view of a sub-pixel of the
organic light-emitting display device illustrated in FIG. 1.

[0052] Referring to FIG. 2, a buffer layer 51 is formed on a
substrate 50 formed of glass or plastic. A TFT and an OLED
are formed on the buffer layer 51.

[0053] An active layer 52 having a predetermined pattern is
formed on the buffer layer 51. A gate insulating layer 53 is
formed on the active layer 52, and a gate electrode 54 is
formed in a predetermined region of the gate insulating layer
53. The gate electrode 54 is connected to a gate line (not
shown) that applies a TFT ON/OFF signal. An interlayer
insulating layer 55 is formed on the gate electrode 54. Source/
drain electrodes 56 and 57 are formed such as to contact
source/drain regions 525 and 52¢, respectively, of the active
layer 52 through contact holes. A passivation layer 58 is
formed of SiO,, SiN,, or the like, on the source/drain elec-
trodes 56 and 57. A planarization layer 59 is formed of an
organic material, such as acryl, polyimide, benzocyclobutene
(BCB), or the like, on the passivation layer 58. A pixel elec-
trode 61, which functions as an anode of the OLED, is formed
on the planarization layer 59, and a pixel defining layer 60
formed of an organic material is formed to cover the pixel
electrode 61. An opening is formed in the pixel defining layer
60, and an organic layer 62 is formed on a surface of the pixel
defining layer 60 and on a surface of the pixel electrode 61
exposed through the opening. The organic layer 62 includes
an emission layer. Embodiments are not limited to the struc-
ture of the organic light-emitting display device described
above, and various structures of organic light-emitting dis-
play devices may be applied.

[0054] The OLED displays predetermined image informa-
tion by emitting red, green and blue light as current flows. The
OLED includes the pixel electrode 61, which is connected to
the drain electrode 56 of the TFT and to which a positive
power voltage is applied, a counter electrode 63, which is
formed so as to cover the entire sub-pixel and to which a
negative power voltage is applied, and the organic layer 62,
which is disposed between the pixel electrode 61 and the
counter electrode 63 to emit light.

[0055] The pixel electrode 61 and the counter electrode 63
are insulated from each other by the organic layer 62, and
respectively apply voltages of opposite polarities to the
organic layer 62 to induce light emission in the organic layer
62.

[0056] The organic layer 62 may include a low-molecular
weight organic layer or a high-molecular weight organic
layer. When a low-molecular weight organic layer is used as
the organic layer 62, the organic layer 62 may have a single or
multi-layer structure including at least one selected from the
group consisting of a hole injection layer (HIL), a hole trans-
port layer (HTL), an emission layer (EML), an electron trans-
port layer (ETL), and an electron injection layer (EIL).
Examples of available organic materials include copper
phthalocyanine (CuPc), N,N'-di(naphthalene-1-y1)-N,N'-
diphenyl-benzidine (NPB), tris-8-hydroxyquinoline alumi-
num (Alg3), and the like. The low-molecular weight organic
layer may be formed by vacuum deposition.

[0057] When ahigh-molecular weight organic layer is used
as the organic layer 62, the organic layer 62 may have a
structure including a HTL and an EML. In such embodi-
ments, the HTL may be formed of poly(ethylenediox-
ythiophene) (PEDOT), and the EML may be formed of
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polyphenylenevinylenes (PPVs) or polyfluorenes. The HTL
and the EML may be formed by screen printing, inkjet print-
ing, or the like.

[0058] The organic layer 62 is not limited to the organic
layers described above, and may be embodied in various
ways.

[0059] The pixel electrode 61 functions as an anode, and

the counter electrode 63 functions as a cathode. Alternatively,
the pixel electrode 61 may function as a cathode, and the
counter electrode 63 may function as an anode.

[0060] The pixel electrode 61 may be formed as a transpar-
ent electrode or a reflective electrode. A transparent electrode
may be formed of indium tin oxide (ITO), indium zinc oxide
(IZ0), zinc oxide (ZnO), or indium oxide (In,0;). A reflec-
tive electrode may be formed by forming a reflective layer
from silver (Ag), magnesium (Mg), aluminum (Al), platinum
(Pt), palladium (Pd), gold (Au), nickel (Ni), neodymium
(Nd), iridium (Ir), chromium (Cr) or a compound thereof and
forming a layer of ITO, IZO, ZnO, or In,O; on the reflective
layer.

[0061] The counter electrode 63 may be formed as a trans-
parent electrode or a reflective electrode. When the counter
electrode 63 is formed as a transparent electrode, the counter
electrode 63 functions as a cathode. Such a transparent elec-
trode may be formed by depositing a metal having a low work
function, such as lithium (Li), calcium (Ca), lithium fluoride/
calcium (LiF/Ca), lithium fluoride/aluminum (LiF/Al), alu-
minum (Al), silver (Ag), magnesium (Mg), or a compound
thereof on a surface of the organic layer 62 and forming an
auxiliary electrode layer or a bus electrode line thereon from
a transparent electrode forming material, such as 1TO, 1ZO,
7Zn0, In,0;, or the like. When the second electrode 62 is
formed as a reflective electrode, the reflective layer may be
formed by depositing Li, Ca, LiF/Ca, LiF/Al, Al, Ag, Mg, or
a compound thereof on the entire surface of the organic emis-
sion layer 63.

[0062] In the organic light-emitting display device
described above, the organic layer 62 including the emission
layer may be formed by using a thin film deposition apparatus
100 of FIG. 3, which will be described later.

[0063] Hereinafter, an embodiment of a thin film deposi-
tion apparatus and a method of manufacturing an organic
light-emitting display device by using the thin film deposition
apparatus will be described in detail.

[0064] FIG. 3 isaschematic side view of an embodiment of
athin film deposition apparatus 100, and FIG. 4 is a schematic
perspective view of a patterning wheel 110 and a patterning
wire 120 of the thin film deposition apparatus 100 of FIG. 3.
[0065] Referring to FIGS. 3 and 4, the thin film deposition
apparatus 100 includes the patterning wheel 110, the pattern-
ing wire 120, and a magnet 130. A chamber is not shown in
FIGS. 3 and 4 for convenience of description, but the thin film
deposition apparatus 100 may be disposed in a chamber
maintaining a suitable vacuum level so as to obtain a rectilin-
ear property of a deposition material.

[0066] The magnet 130 is disposed on a first surface 201 of
a substrate 200, and the patterning wheel 110 and the pattern-
ing wire 120 are disposed at one side of a second surface 202
opposite to the first surface 201 of the substrate 200. Although
not illustrated in FIGS. 3 and 4, a deposition source (not
shown) for storing and heating a deposition material may be
disposed at the side of the second surface 202, such as for
example, below the patterning wheel 110. The deposition
source may include a crucible filled with the deposition mate-
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rial therein, and a heater surrounding and heating the crucible.
Accordingly, the deposition material vaporized in the depo-
sition source passes through the patterning wire cohered to
the second surface 202, and is deposited on the second surface
202. This is described in detail below.

[0067] The patterning wheel 110 can have a long cylindri-
cal shape, and can be rotatable around a rotation axis C. A
plurality of grooves 111 may be formed on a peripheral sur-
face of the patterning wheel 110 along a direction of the
rotation axis C.

[0068] Insomeembodiments, cross sections of the grooves
111 are equilateral triangular as shown in FIGS. 3 and 4. In
other embodiments, the cross sections may be polygonal,
such as, for example, rectangular or pentagonal, semicircular,
or oval.

[0069] The patterning wire 120 may wound around the
peripheral surface of the patterning wheel 110. The patterning
wire 120 includes two frame wires 121 disposed in parallel,
and a plurality of blockers 122 connecting the two parallel
frame wires 121. In some embodiments, the blockers 122 are
spaced apart from each other at regular intervals, and thus a
predetermined patterning space S is formed between the
neighboring blockers 122. The deposition material evapo-
rated from the deposition source is deposited on the substrate
200 via the patterning wire 120, through the patterning space
S. When the substrate 200 and the patterning wire 120 are
adhered to each other, the deposition material is not deposited
on a region where the blocker 122 is disposed, and is depos-
ited on the patterning space S between the neighboring block-
ers 122. Accordingly, a width of a non-deposition region may
be adjusted by adjusting a size of the blocker 122, and a width
of a deposition region may be adjusted by adjusting an inter-
val between the neighboring blockers 122.

[0070] Insomeembodiments, each blocker 122 may have a
shape corresponding to each groove 111 formed on the
peripheral surface of the patterning wheel 110, and thus may
be accommodated in each groove 111. When the patterning
wire 120 is wound around the patterning wheel 110, each
blocker 122 is accommodated in each groove 111.

[0071] In some embodiments, cross sections of the block-
ers 122 are equilateral triangular, as shown in FIGS. 3 and 4.
In other embodiments, the cross sections may be polygonal,
such as, for example, rectangular or pentagonal, semicircular,
or oval.

[0072] The patterning wheel 110 may include a magnet,
such as a permanent magnet or electromagnet. The patterning
wire 120 may include a magnetic substance. In some embodi-
ments, the magnetic substance can be a material having mag-
netic properties, which adheres to the patterning wheel 110
including the magnet. Such a material may be copper (Co),
platinum (Pt), iron (Fe), nickel (Ni), or lanthanum (La). The
patterning wire 120 maintains a wound state around the pat-
terning wheel 110 according to a magnetic force acting
between the patterning wheel 110 and the patterning wire
120.

[0073] The magnet130 may be disposed on the first surface
201 of the substrate 200. In some embodiments, the magnet
130 may be a permanent magnet or electromagnet. The pat-
terning wire 120 may include the magnetic substance.
[0074] The patterning wire 120 may cohere on the second
surface 202 of the substrate 200 according to the magnetic
force acting between the magnet 130 and the patterning wire
120. In other embodiments, the patterning wire 120 may
include a magnet and the magnet 130 may include a magnetic
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substance. In other embodiments, the patterning wire 120 and
the magnet 130 may both include a magnet.

[0075] The patterning wire 120 wound around the pattern-
ing wheel 110 is unwound as the patterning wheel 110 rotates,
and the unwound patterning wire 120 is cohered on the sec-
ond surface 202 of the substrate 200 by the magnetic force
acting between the patterning wire 120 and the magnet 130,
thereby performing a mask function for depositing an organic
material. When the patterning wire 120 is cohered on the
second surface 202 of the substrate 200, the patterning space
S between the neighboring blockers 122 performs a slit func-
tion of a mask.

[0076] In some embodiments, the magnet 130 may have a
stronger magnetic force than the patterning wheel 110. The
magnetic force acting between the magnet 130 and the pat-
terning wire 120 may be stronger than the magnetic force
acting between the patterning wheel 110 and the patterning
wire 120. Accordingly, when the patterning wire 120 rotates
while being wound around the patterning wheel 110, a part of
the patterning wire near the magnet 130, for example, the
blocker 122 of the patterning wire 120 near the substrate 200,
is unwound from the patterning wheel 110 by the strong
magnetic force of the magnet 130, and thus is tightly coupled
on the second surface 202 of the substrate 200.

[0077] According to embodiments of the thin film deposi-
tion apparatus 100, the patterning wire 120 wound around the
patterning wheel 110 is adhered to the substrate 200 to per-
form functions of a deposition mask, and thus a shadow is not
generated on the substrate 200 since the substrate 200 and a
mask, that is, the patterning wire 120 are tightly coupled
together.

[0078] In a conventional fine metal mask (FMM) deposi-
tion method, a size of a mask is equal to or larger than a size
of a substrate. Accordingly, as the size of the substrate
increases, the size of the mask is also increased. However, it
is difficult to manufacture a large mask, and to align the mask
in a precise pattern by extending the mask. Also, the mask
may droop due to its weight when the mask is large, and thus
the drooping portion of the mask may not adhere to the
substrate, thereby generating a shadow on the substrate.
[0079] Accordingly, a method of performing deposition
while moving a deposition source and a mask with respect to
a substrate, by using a mask smaller than a conventional
FMM has been developed. In order for the mask to move with
respect to the substrate, the mask and the substrate need to be
somewhat spaced apart from each other. However, when the
mask and the substrate are spaced apart from each other a
shadow is generated on the substrate, and color mixture is
generated due to a space between the mask and the substrate.
[0080] Accordingly, embodiments of the thin film deposi-
tion apparatus 100 use the patterning wire 120 that performs
mask functions by using a wire much lighter than a conven-
tional FFM. Thus, a mask that is easily adhered to a wide area,
and is freely detached if required is manufactured. The thin
film deposition apparatus 100 may be easily manufactured,
may be easily applied to manufacture large-sized display
devices on a mass scale, and improves manufacturing yield
and deposition efficiency. Also, it is relatively easy to clean a
mask since the mask is freely detached.

[0081] Embodiments for a method of manufacturing an
organic light-emitting display device by using a thin film
deposition apparatus are described in detail below.

[0082] FIGS. 5 through 7 are views for describing an
embodiment of a method of manufacturing an organic light-
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emitting display device by using the thin film deposition
apparatus 100 of FIG. 3. In one embodiment, the patterning
wheel 110 rotates in a direction indicated by an arrow B
around the rotation axis C of FIG. 4 while a location of the
patterning wheel 110 is fixed, and the substrate 200 only
moves rectilinearly in a direction indicated by an arrow A.
[0083] As shown in FIG. 5, the patterning wire 120 is
completely wound around a peripheral surface of the pattern-
ing wheel 110. The plurality of grooves 111 are formed on the
peripheral surface of the patterning wheel 110 along the
direction of the rotation axis C, and the patterning wire 120
includes the blockers 122 having the shapes corresponding to
the grooves 111. Thus, each blocker 122 is accommodated in
each groove 111. In some embodiments, the patterning wheel
110 may include a magnet, such as a permanent magnet or an
electromagnet, and the patterning wire 120 may include a
magnetic substance. Accordingly, the patterning wire 120
maintains a wound state around the patterning wheel 110
according to the magnetic force acting between the magnetic
wheel 110 and the patterning wire.

[0084] AsshowninFIG. 6, the substrate 200 is rectilinearly
moved in the direction of the arrow A while the patterning
wheel 110 rotates around the rotation axis C in the direction of
the arrow B. In some embodiments, a speed of the substrate
200 rectilinearly moving and a speed of the patterning wheel
110 rotating may be identical. A moving distance per unit
hour of the substrate 200 may be identical to a rotation dis-
tance per unit hour of the patterning wheel 110.

[0085] In some embodiments, the magnet 130 is disposed
on the first surface 201 of the substrate 200, and the magnet
130 includes a permanent magnet or an electromagnet. Also,
the magnet 130 may have a stronger magnetic force than the
patterning wheel 110.

[0086] Accordingly, when the substrate 200 rectilinearly
moves and passes the patterning wire 120 that is wound
around the patterning wheel 110, a part of the patterning wire
120 near the magnet 130, that is, the blocker 122 of the
patterning wire 120 near the substrate 200, is unwound from
the patterning wheel 110 and tightly coupled on the second
surface 202 of the substrate 200 by the strong magnetic force
of the magnet 130.

[0087] As shown in FIG. 7, when the substrate 200 com-
pletely passes through the patterning wheel 110, the pattern-
ing wire 120 wound around the patterning wheel 110 is all
tightly coupled to the substrate 200, thereby performing func-
tions of a mask for organic material deposition. In other
words, when the substrate 200 and the patterning wire 120 are
adhered to each other, a deposition material is not deposited in
aregion where the blocker 122 is disposed, and the patterning
space S between the neighboring blockers 122 performs func-
tions of a slit of the mask. Accordingly, the deposition mate-
rial is deposited on the substrate 200 below the patterning
space S.

[0088] In the embodiment of FIGS. 5 through 7, the sub-
strate 200 rectilinearly moves while the location of the pat-
terning wheel 110 is fixed. In other embodiments, such as the
one shown in FIG. 8, the substrate 200 may be fixed, and the
patterning wheel 110 may rotate in the direction indicated by
the arrow B while rectilinearly moving in a direction indi-
cated by an arrow C, thereby tightly coupling the substrate
200 and the patterning wire 120 wound around the patterning
wheel 110.

[0089] FIG. 9 is a schematic side view of another embodi-
ment of a thin film deposition apparatus 100. Referring to
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FIG. 9, the thin film deposition apparatus 100 includes the
patterning wheel 110, the patterning wire 120, and the magnet
130.

[0090] The embodiment of the thin film deposition appara-
tus 100 of FIG. 9 is different from that of the previous embodi-
ment as only a part of the patterning wire 120 includes a
magnetic substance instead of the entire patterning wire 120.
[0091] The patterning wire 120 includes the two frame
wires 121 disposed parallel to each other, the plurality of
blockers 122 connecting the two frame wires 121 parallel to
each other, and a core 123 accommodated in each blocker
122. Here, the blocker 122 is formed of any light and strong
material, such as plastic or rubber, and only the core 123
includes a magnetic substance, such as Co, Pt, Fe, Ni, or La.
Accordingly, the patterning wire 120 that is light, strong, and
unexpensive may be prepared.

[0092] FIG. 10 is a schematic side view of another embodi-
ment of the thin film deposition apparatus 100. Referring to
FIG. 10, the thin film deposition apparatus 100 includes the
patterning wheel 110, the patterning wire 120, the magnet
130, and a pressurizer 140. The thin film deposition apparatus
100 of FIG. 10 is different from those of the previous embodi-
ments in that the thin film deposition apparatus 100 further
includes the pressurizer 140.

[0093] The pressurizer 140 may be disposed at one side of
the patterning wheel 110, such as for example, at a side
opposite to the substrate 200. The pressurizer 140 is rotatable
in a direction indicated by an arrow D of FIG. 10, and pres-
surizes the blocker 122 of the patterning wire 120 toward the
patterning wheel 110, thereby supporting the patterning wire
120 to be well fit to the patterning wheel 110. Accordingly,
operation reliability of the thin film deposition apparatus 100
may be increased.

[0094] FIG. 11 is a schematic side view of another embodi-
ment of the thin film deposition apparatus 100. Referring to
FIG. 11, the thin film deposition apparatus 100 includes the
patterning wheel 110, the patterning wire 120, the magnet
130, the pressurizer 140, and an alignment wheel 150. The
thin film deposition apparatus 100 of FIG. 11 is different from
those of the previous embodiments as the alignment wheel
150 is further included.

[0095] The alignment wheel 150 has a long cylindrical
shape, and may be rotatable in a direction indicated by an
arrow E around a rotation axis. A plurality of protrusions 151
may be formed on a peripheral surface of the alignment wheel
150 along a direction of the rotation axis. The alignment
wheel 150 may be disposed at one side of the patterning wheel
110, in a direction that the substrate 200 moves on the pat-
terning wheel 110 (to the left in FIG. 11). Also, locations of
the blockers 122 of the patterning wire 120 combined to the
substrate 200 are aligned by the protrusions 151 rotating in
the direction indicated by the arrow E around the rotation
axis. The alignment wheel 150 pressurizes the blockers 122
of'the patterning wire 120 tightly coupled to the substrate 200
to align the locations of the blockers 122, so as to prepare for
when a location the patterning wire 120 wound around the
patterning wheel 110 is deviated while tightly coupling the
patterning wire 120 to the substrate 200. Accordingly, the
operation reliability of the thin film deposition apparatus 100
may be further improved.

[0096] FIG. 12 is a schematic side view for describing
another embodiment of a method of manufacturing an
organic light-emitting display device by using the thin film
deposition apparatus 100. Referring to FIG. 12, the thin film
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deposition apparatus 100 includes a patterning wheel (not
shown), the patterning wire 120, the magnet 130, and the
alignment wheel 150. In one embodiment, the patterning wire
120, on which a layer of organic material is deposited, is
moved by a certain amount by using the alignment wheel 150,
so that another layer of organic material may be continuously
deposited.

[0097] In detail, as shown in FIGS. 1 and 2, the red, green,
and blue sub-pixels are alternatively formed in the organic
light-emitting display device. Accordingly, a red organic
material, a green organic material, and a blue organic material
are alternatively deposited in the sub-pixels. Accordingly,
three different FM:Ms are conventionally used. An FMM for
depositing a red organic material is adhered to a substrate to
deposit the red organic material and then separated from the
substrate. An FMM for depositing a green organic material is
adhered to the substrate to deposit the green organic material
and then separated from the substrate. An FMM for deposit-
ing a blue organic material is adhered to the substrate to
deposit the blue organic material and then separated from the
substrate.

[0098] Accordingly, embodiments of the method continu-
ously manufacture the organic light-emitting display device
without having to replace a mask by moving the patterning
wire 120, on which one layer of organic material is deposited,
is moved by a certain amount by using the alignment wheel
150.

[0099] After the patterning wire 120 and the substrate 200
are tightly coupled, a red organic material R is deposited
while the blockers 122 are disposed in a region disposed by
dotted lines in FIG. 12. When the red organic material R is
deposited as such, the alignment wheel 150 is rotated in a
direction indicated by an arrow F of FIG. 12, so as to move the
patterning wire 120 tightly coupled to the substrate 200 by a
certain amount. In some embodiments, a moving amount of
the patterning wire 120 may be Y4 of a width of one blocker
122. This is because a red organic material is deposited on V4
of the entire area, a blue organic material is deposited on
another %3, and a green organic material is deposited on a
remaining Y3. After moving the patterning wire 120 tightly
coupled to the substrate 200 by the certain amount, a blue
organic material B is deposited while the blocker 122 is
disposed on a region indicated by a solid line in FIG. 12.
Then, the patterning wire 120 may be moved again by V5 of
the width of the blocker 122 to deposit a green organic mate-
rial G.

[0100] Withouthaving to use three different FM:Ms soasto
deposit red, green, and blue organic materials, the red, green,
and blue organic materials are deposited by moving one pat-
terning wire 120 by a certain amount. Accordingly, a manu-
facturing time of the organic light-emitting display device is
remarkably reduced.

[0101] According to embodiments of the thin film deposi-
tion apparatus and the method of manufacturing the organic
light-emitting display device by using the thin film deposition
apparatus of the present invention, the thin film deposition
apparatus can be easily manufactured, can be easily applied to
manufacture large-sized display devices on a mass scale, and
can improve manufacturing yield and deposition efficiency.
[0102] While the present invention has been particularly
shown and described with reference to certain embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
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therein without departing from the spirit and scope of the
present invention as defined by the following claims.

What is claimed is:

1. A thin film deposition apparatus for forming a thin film
on a substrate, the thin film deposition apparatus comprising:

a magnet disposed on a first surface of the substrate;

a patterning wheel disposed on a second surface opposite to

the first surface of the substrate, rotatable around a rota-
tion axis, and comprising a plurality of grooves along a
peripheral surface; and

a patterning wire comprising a plurality of blockers having

shapes corresponding to the plurality of grooves of the
patterning wheel, and windable to the patterning wheel.

2. The thin film deposition apparatus of claim 1, wherein
the patterning wire comprises two frame wires disposed to
face each other, and the plurality of blockers connecting the
two frame wires.

3. The thin film deposition apparatus of claim 1, wherein a
predetermined patterning space is formed between neighbor-
ing blockers of the plurality of blockers, while the patterning
wire is tightly coupled to the substrate.

4. The thin film deposition apparatus of claim 3, wherein a
deposition material is deposited on the second surface of the
substrate through the patterning space.

5. The thin film deposition apparatus of claim 1, wherein
the plurality of grooves and the plurality of blockers have
substantially the same shape and are disposed at regular inter-
vals.

6. The thin film deposition apparatus of claim 5, wherein
each of the plurality of blockers is accommodated in each of
the plurality of grooves when the patterning wire is wound
around the patterning wheel.

7. The thin film deposition apparatus of claim 1, wherein an
interval between neighboring grooves of the plurality of
grooves, and an interval between neighboring blockers of the
plurality of blockers are substantially the same.

8. The thin film deposition apparatus of claim 1, wherein
cross sections of the plurality of grooves and the plurality of
blockers are triangular.

9. The thin film deposition apparatus of claim 1, wherein
the patterning wire comprises a magnetic substance, and the
patterning wire is tightly coupled to the second surface of the
substrate according to a magnetic force acting between the
magnet and the patterning wire.

10. The thin film deposition apparatus of claim 9, wherein
the magnetic substance comprises at least one of copper (Co),
platinum (Pt), iron (Fe), nickel (Ni), and lanthanum (La).

11. The thin film deposition apparatus of claim 9, wherein
the patterning wheel comprises at least one of a permanent
magnet and an electromagnet, and the patterning wire main-
tains a wound state around the patterning wheel by a magnetic
force acting between the patterning wheel and the patterning
wire.

12. The thin film deposition apparatus of claim 11, wherein
the magnet is formed to have a magnetic force stronger than
the patterning wheel.

13. The thin film deposition apparatus of claim 1, wherein
the patterning wire is accommodated in the plurality of block-
ers, and further comprises a core comprising a magnetic
substance.

14. The thin film deposition apparatus of claim 1, further
comprising a pressurizer disposed on the patterning wheel at
a side opposite to the substrate, having a roller shape, and



US 2012/0156818 Al

pressurizing each of the plurality of blockers so that each of
the plurality of blockers is matched to each of the plurality of
grooves.

15. The thin film deposition apparatus of claim 1, further
comprising a rotatable alignment wheel of a cylindrical
shape, comprising a plurality of protrusions along a periph-
eral surface of the alignment wheel, disposed at one side of
the patterning wheel, and pressurizing the plurality of block-
ers so that a location of the patterning wire tightly coupled to
the substrate is aligned.

16. The thin film deposition apparatus of claim 1, wherein
the patterning wire is unwound from the patterning wheel and
tightly coupled to the substrate to form a mask for deposition.

17. The thin film deposition apparatus of claim 1, wherein
the patterning wire wound around the patterning wheel is
unwound and tightly coupled to the substrate as the substrate
relatively moves with respect to the patterning wheel and the
patterning wheel rotates based on the rotation axis.

18. A method of manufacturing an organic light-emitting
display device, the method comprising:

preparing a patterning wheel having a peripheral surface

wound by a patterning wire;

rectilinearly moving a substrate while rotating the pattern-

ing wheel around a rotation axis;

tightly coupling the patterning wire to the substrate as the

patterning wire wound around the patterning wheel is
unwound when the patterning wheel rotates; and
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depositing an organic material on the substrate by using the
patterning wire tightly coupled to the substrate as a
mask.

19. The method of claim 18, wherein a magnet is disposed
on the substrate, the patterning wire comprises a magnetic
substance, and the patterning wire wound to the patterning
wheel is tightly coupled to the substrate after being unwound
by a magnetic force acting between the magnet and the pat-
terning wire.

20. The method of claim 18, wherein the rectilinearly mov-
ing of the substrate and the rotating of the patterning wheel
are performed at the same speed.

21. The method of claim 18, wherein the patterning wire
comprises two frame wires disposed to face each other, and a
plurality of blockers connecting the two frame wires, and a
predetermined patterning space is formed between neighbor-
ing blockers of the plurality of blockers while the patterning
wire is tightly coupled to the substrate.

22. The method of claim 21, wherein a second organic
material is deposited after a first organic material is deposited
while the patterning wire is tightly coupled to the substrate,
and then the patterning wire tightly coupled to the substrate is
moved by a predetermined interval in parallel.

23. The method of claim 22, wherein the predetermined
interval is ¥4 of a width of one of the plurality of blockers in
a moving direction of the substrate.
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