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FIG. 3
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FIG. 4A
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FIG. 5A
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND THIN FILM DEPOSITION
APPARATUS FOR MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2009-0056530, filed on Jun. 24, 2009, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] An aspect of the present invention relates to an
organic light-emitting display device and a thin film deposi-
tion apparatus for manufacturing the same, and more particu-
larly, to an apparatus for depositing a thin film on a substrate,
and an organic light-emitting display device manufactured by
using the thin film deposition apparatus.

[0004] 2. Description of the Related Art

[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] In general, organic light-emitting display devices
have a stacked structure including an anode, a cathode, and an
emission layer interposed between the anode and the cathode,
and display images in color when holes and electrons,
injected respectively from the anode and the cathode, recom-
bine in the emission layer and thus emit light. However, it is
difficult 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] In other words, an organic light-emitting display
device includes intermediate layers, including an emission
layer disposed between a first electrode and a second elec-
trode that are arranged opposite to each other. The electrodes
and the intermediate layers may be formed by using various
methods, one of which is a deposition method. When an
organic light-emitting display device is manufactured by
using the deposition method, a fine metal mask (FMM) hav-
ing the same pattern as a thin film to be formed is disposed to
closely contact a substrate, and a thin film material is depos-
ited over the FMM in order to form the thin film having the
desired pattern.

SUMMARY

[0008] An aspect of the present invention provides a thin
film deposition apparatus that may be easily manufactured,
that may be simply used to manufacture large substrates on a
mass scale, that improves manufacturing yield and deposition
efficiency, and that allows deposited materials to be reused,
and an organic light-emitting display device manufactured by
using the thin film deposition apparatus.

[0009] According to an aspect of the present invention,
there is provided an organic light-emitting display device
including: a substrate including a plurality of deposition areas
arranged parallel to each other; at least one thin film transistor
formed on the substrate, the at least one thin film transistor
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including a semiconductor active layer, a gate electrode insu-
lated from the semiconductor active layer, and source and
drain electrodes contacting the semiconductor active layer; a
plurality of pixel electrodes formed on the thin film transistor;
a plurality of organic layers formed on each of the pixel
electrodes; and a counter electrode formed on the organic
layers, wherein the plurality of organic layers lie in each of the
deposition areas and have a larger shadow zone the further the
distance from a center of the corresponding deposition area.
[0010] Each of the organic layers may include a left-side
shadow zone and a right-side shadow zone, and whichever of
the left-side shadow zone and the right-side shadow zone is
positioned further away from the center of the corresponding
deposition area may be larger than the other one.

[0011] Whichever of the left-side shadow zone and the
right-side shadow zone of each of the organic layers is further
away from the center of the corresponding deposition area
may be larger.

[0012] Theleft-side shadow zone and the right-side shadow
zone of one of the organic layers, the organic layer formed at
the center of each of the deposition areas, may be substan-
tially the same in size.

[0013] One of the organic layers, the organic layer formed
at the center of each of the deposition areas, may have the
smallest shadow zone among the other organic layers in the
corresponding deposition area.

[0014] The plurality of organic layers in each of the depo-
sition areas may be symmetrical with respect to the center of
the corresponding deposition area.

[0015] The plurality of organic layers formed in each of the
deposition areas may have the same pattern.

[0016] According to an aspect of the present invention,
there is provided a thin film deposition apparatus for forming
a thin film on a substrate, the apparatus including: a deposi-
tion source that discharges a deposition material; a first nozzle
that is disposed at a side of the deposition source and includes
a plurality of first slits arranged in a first direction; a second
nozzle that is disposed opposite to the first nozzle and
includes a plurality of second slits arranged in the first direc-
tion; and a barrier wall assembly that is disposed between the
first nozzle and the second nozzle in the first direction, and
includes a plurality of barrier walls that partition a space
between the first nozzle and the second nozzle into a plurality
of sub-deposition spaces, wherein the deposition source, the
first nozzle, the second nozzle, and the barrier wall assembly
are movable relative to the substrate, or the substrate is mov-
able relative to the deposition source, the first nozzle, the
second nozzle, and the barrier wall assembly.

[0017] A plurality of thin films may lie within each of the
sub-deposition spaces and may have alarger shadow zone the
further the distance from a center of the corresponding sub-
deposition space.

[0018] Each of the thin films formed on the substrate may
include a left-side shadow zone and a right-side shadow zone,
and whichever of the left-side shadow zone and the right-side
shadow zone is further away from the center of the corre-
sponding sub-deposition space may be larger than the other
one.

[0019] Whichever of the left-side shadow zone and the
right-side shadow zone of each of the thin films is further
away from the center of the corresponding sub-deposition
space may be larger.

[0020] One of the thin films, and in particular, the thin film
formed at the center of each of the sub-deposition spaces, may
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include a left-side shadow zone and a right-side shadow zone
that are substantially the same in size.

[0021] One of the thin films, the thin film formed at the
center of each of the sub-deposition spaces, may have the
smallest shadow zone among the other thin films in the cor-
responding sub-deposition space.

[0022] The plurality of thin films formed within each of the
deposition spaces may be symmetrical with respect to the
center of the corresponding deposition space.

[0023] Each of the barrier walls may extend in a second
direction that is substantially perpendicular to the first direc-
tion, in order to partition the space between the first nozzle
and the second nozzle into the plurality of deposition spaces.

[0024] The plurality of barrier walls may be arranged at
equal intervals.
[0025] The barrier walls may be separated from the second

nozzle by a predetermined distance.

[0026] The barrier wall assembly is detachable from the
thin film deposition apparatus.

[0027] Thebarrier wall assembly may include a first barrier
wall assembly including a plurality of first barrier walls, and
asecond barrier wall assembly including a plurality of second
barrier walls.

[0028] Each ofthe first barrier walls and each of the second
barrier walls may extend in a second direction that is substan-
tially perpendicular to the first direction, in order to partition
the space between the first nozzle and the second nozzle into
the plurality of deposition spaces.

[0029] The first barrier walls may be arranged to respec-
tively correspond to the second barrier walls.

[0030] Each pair of the first and second barrier walls cor-
responding to each other may be arranged on substantially the
same plane. The second nozzle may be separated from the
substrate by a predetermined distance.

[0031] The deposition material may be deposited on the
substrate while the deposition source, the first nozzle, the
second nozzle, and the barrier wall assembly are moved rela-
tive to the substrate or while the substrate is moved relative to
the deposition source, the first nozzle, the second nozzle, and
the barrier wall assembly.

[0032] The deposition source, the first nozzle, the second
nozzle, and the barrier wall assembly may be moved relative
to the substrate along a plane parallel to a surface of the
substrate, or the substrate may be moved relative to the depo-
sition source, the first nozzle, the second norzzle, and the
barrier wall assembly along the plane.

[0033] Additional aspects and/or advantages of the inven-
tion will be set forth in part in the description which follows
and, in part, will be obvious from the description, or may be
learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] These and/or other aspects and advantages of the
invention will become apparent and more readily appreciated
from the following description of the embodiments, taken in
conjunction with the accompanying drawings of which:
[0035] FIG.1isaschematic perspective view of a thin film
deposition apparatus according to an embodiment of the
present invention;

[0036] FIG. 2 is a schematic side view of the thin film
deposition apparatus of FIG. 1, according to an embodiment
of the present invention;
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[0037] FIG. 3 is a schematic plan view of the thin film
deposition apparatus of FIG. 1, according to an embodiment
of the present invention;

[0038] FIG. 4A is a schematic plan view for describing
deposition of a deposition material in the thin film deposition
apparatus of FIG. 1, according to an embodiment of the
present invention;

[0039] FIG. 4B illustrates a shadow zone of a thin film
deposited on a substrate when a deposition space is parti-
tioned by barrier walls, as illustrated in FIG. 4A;

[0040] FIG. 4C illustrates a shadow zone of a thin film
deposited on the substrate when the deposition space is not
partitioned by barrier walls;

[0041] FIG. 5A illustrates second slits of a second nozzle in
the thin film deposition apparatus of FIG. 1 arranged at equal
intervals;

[0042] FIG. 5B illustrates a deposition material passing
through the second nozzle forming organic layers on the
substrate;

[0043] FIG. 6 is a plan view of an organic light-emitting
display device according to an embodiment of the present
invention;

[0044] FIG. 7 is a sectional view of a sub-pixel of the
organic light-emitting display device illustrated in FIG. 6,
according to an embodiment of the present invention; and
[0045] FIG. 8is a schematic perspective view of a thin film
deposition apparatus according to another embodiment of the
present invention.

DETAILED DESCRIPTION

[0046] Reference will now be made in detail to the present
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like ref-
erence numerals refer to the like elements throughout. The
embodiments are described below in order to explain the
present invention by referring to the figures. Moreover, it is to
beunderstood that where is stated herein that one film or layer
1s “formed on” or “disposed on” a second layer or film, the
first layer or film may be formed or disposed directly on the
second layer or film or there may be intervening layers or
films between the first layer or film and the second layer or
film. Further, as used herein, the term “formed on” is used
with the same meaning as “located on” or “disposed on” and
is not meant to be limiting regarding any particular fabrica-
tion process.

[0047] FIG. 1isa schematic perspective view of a thin film
deposition apparatus 100 according to an embodiment of the
present invention, FIG. 2 is a schematic side view of the thin
film deposition apparatus 100, and FIG. 3 is a schematic plan
view of the thin film deposition apparatus 100.

[0048] Referring to FIGS. 1, 2 and 3, the thin film deposi-
tion apparatus 100 according to an embodiment of the present
invention includes a deposition source 110, a first nozzle 120,
a barrier wall assembly 130, a second nozzle 150, and a
substrate 160.

[0049] Although a chamber is not illustrated in FIGS. 1, 2
and 3 for convenience of explanation, all the components of
the thin film deposition apparatus 100 may be disposed within
a chamber that is maintained at an appropriate degree of
vacuum. The chamber is maintained at an appropriate
vacuum in order to allow a deposition material to move in a
straight direction.

[0050] In particular, in order to deposit a deposition mate-
rial 115 that is discharged from the deposition source 110
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through the first nozzle 120 and the second nozzle 150, on a
substrate in a desired pattern, it is required to maintain the
chamber in a high-vacuum state as in a deposition method
using a fine metal mask (FMM). In addition, the temperatures
of the barrier wall assembly 130, and the second nozzle 150
have to be sufficiently lower than the temperature of the
deposition source 110. In this regard, the temperatures of the
barrier wall assembly 130 and the second nozzle 150 may be
about 100° C. or less. This is so the deposition material 115
that has collided against the barrier wall assembly 130 is not
re-vaporized. In addition, thermal expansion of the second
nozzle 150 may be minimized when the temperature of the
second nozzle 150 is sufficiently low. The barrier wall assem-
bly 130 faces the deposition source 110 which is at a high
temperature. [n addition, the temperature of a portion of the
first barrier wall assembly 130 close to the deposition source
110 rises by a maximum of about 167° C., and thus a partial-
cooling apparatus may be further included if needed. To this
end, the barrier wall assembly 130 may include a cooling
member.

[0051] The substrate 160, which constitutes a target on
which the deposition material 115 is to be deposited, is dis-
posed in the chamber. The substrate 160 may be a substrate
for flat panel displays. A large substrate, such as a mother
glass, for manufacturing a plurality of flat panel displays, may
be used as the substrate 160.

[0052] The deposition source 110 that contains and heats
the deposition material 115 is disposed in an opposite side of
the chamber to that in which the substrate 160 is disposed. As
the deposition material 115 contained in the deposition
source 110 is vaporized, the deposition material 115 is depos-
ited on the substrate 160. In particular, the deposition source
110 includes a crucible 111 that is filled with the deposition
material 115, and a heater 112 that heats the crucible 111 to
vaporize the deposition material 115, which is contained in
the crucible 111, towards a side of the crucible 111, and in
particular, towards the first nozzle 120.

[0053] The first nozzle 120 is disposed at a side of the
deposition source 110, and in particular, at the side of the
deposition source 110 facing the substrate 160. The first
nozzle 120 includes a plurality of first slits 121 arranged at
equal intervals in a Y-axis direction. The deposition material
115 that is vaporized in the deposition source 110 passes
through the first nozzle 120 towards the substrate 160.
[0054] The barrier wall assembly 130 is disposed at a side
ofthe first nozzle 120. The barrier wall assembly 130 includes
a plurality of barrier walls 131, and a barrier wall frame 132
that surrounds sides of the barrier walls 131. The plurality of
barrier walls 131 may be arranged parallel to each other at
equal intervals in the Y-axis direction. In addition, each of the
barrier walls 131 may be arranged parallel to an XZ plane in
FIG. 1, i.e., perpendicular to the Y-axis direction. The plural-
ity of barrier walls 131 arranged as described above partition
the space between the first nozzle 120 and the second nozzle
150, which is to be described later, into a plurality of sub-
deposition spaces S. In the thin film deposition apparatus 100,
the deposition space is divided by the barrier walls 131 into
the sub-deposition spaces S that respectively correspond to
the first slits 121 through which the deposition material 115 is
discharged.

[0055] The barrier walls 131 may be respectively disposed
between adjacent first slits 121. In other words, each of the
first slits 121 may be disposed between two corresponding
adjacent barrier walls 131. The first slits 121 may be respec-

Dec. 30, 2010

tively located at the midpoint between two adjacent barrier
walls 131. As described above, since the barrier walls 131
partition the space between the first nozzle 120 and the second
nozzle 150, which will be described later, into the plurality of
sub-deposition spaces S, the deposition material 115 dis-
charged through each of the first slits 121 is not mixed with
the deposition material 115 discharged through the other first
slits 121, and passes through second slits 151 so as to be
deposited on the substrate 160. In other words, the barrier
walls 131 guide the deposition material 115, which is dis-
charged through the first slits 121, not to flow in the Y-axis
direction.

[0056] The barrier wall frame 132, which forms upper and
lower sides of the barrier walls 131, retain the positions of the
barrier walls 131, and guides the deposition material 115,
which is discharged through the first slits 121, not to flow in
a Z-axis direction.

[0057] In addition, the barrier wall assembly 130 may be
constructed to be detachable from the thin film deposition
apparatus 100. A conventional FMM deposition method has
low deposition efficiency. Herein, deposition efficiency refers
to the ratio of the amount of deposition material deposited on
a substrate to the amount of deposition material vaporized
from a deposition source. The conventional FMM deposition
method has a deposition efficiency of about 32%. Further-
more, in the conventional FMM deposition method, about
68% of organic deposition material, which has not been
deposited on the substrate, remains adhered to a deposition
apparatus, and thus it is not straightforward to reuse the
deposition material.

[0058] Inordertoovercome these and/orother problems, in
the thin film deposition apparatus 100, the deposition space is
enclosed by using the barrier wall assembly 130, so that the
deposition material 115 that is not deposited on the substrate
is mostly deposited within the barrier wall assembly 130.
Thus, when a large amount of the deposition material 115 lies
in the barrier wall assembly 130 after a long deposition pro-
cess, the barrier wall assembly 130 may be detached from the
thin film deposition apparatus 100 and then placed in a sepa-
rate deposition material recycling apparatus to recover the
deposition material 115. Due to the structure of the thin film
deposition apparatus 100 according to an embodiment of the
present invention, a reuse rate of the deposition material 115
is increased, so that the deposition efficiency is improved, and
thus the manufacturing costs are reduced.

[0059] The second nozzle 150 and the second nozzle frame
155 are disposed between the deposition source 110 and the
substrate 160. The second nozzle frame 155 may be formed in
alattice shape, similar to a window frame. The second nozzle
150 is bound inside the second nozzle frame 155. The second
nozzle 150 includes a plurality of second slits 151 arranged at
equal intervals in the Y-axis direction. The deposition mate-
rial 115 that is vaporized in the deposition source 110, passes
through the first nozzle 120 and the second nozzle 150
towards the substrate 160.

[0060] In the thin film deposition apparatus 100, the total
number of second slits 151 may be greater than the total
number of first slits 121. In addition, there may be a greater
number of second slits 151 than first slits 121 disposed
between two adjacent barrier walls 131.

[0061] In other words, at least one first slit 121 may be
disposed between each two adjacent barrier walls 131. Mean-
while, a plurality of second slits 151 may be disposed
between each two adjacent barrier walls 131. The space
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between the first nozzle 120 and the second nozzle 150 is
partitioned by the barrier walls 131 into sub-deposition
spaces S that correspond to the first slits 121, respectively.
Thus, the deposition material 115 discharged from each of the
first slits 121 passes through a plurality of second slits 151
disposed in the sub-deposition space S corresponding to the
first slit 121, and is then deposited on the substrate 160.

[0062] The second nozzle 150 may be manufactured by
etching, which is the same method as used in a conventional
method of manufacturing an FMM, and in particular, a striped
FMM. In the conventional FMM deposition method., the size
ofthe FMM has to be equal to the size of a substrate. Thus, the
size of the FMM has to be increased as the substrate becomes
larger. However, it is neither straightforward to manufacture a
large FMM nor to extend an FMM to be accurately aligned
with a pattern. However, in the thin film deposition apparatus
100, a thin film is deposited while the thin film deposition
apparatus 100 is moved in the Z-axis direction within the
chamber (not shown). In other words, once the thin film
deposition apparatus 100 has completed deposition at a cur-
rent location, either the thin film deposition apparatus 100 or
the substrate 160 is moved relative to each other in the Z-axis
direction for further continuous deposition. Thus, in the thin
film deposition apparatus 100 according to an embodiment of
the present invention, the second nozzle 150 may be signifi-
cantly smaller than an FMM used in a conventional deposi-
tion method. In other words, in the thin film deposition appa-
ratus 100, the length of the second nozzle 150 in the Z-axis
direction may be less than the length of the substrate 160 in
the Z-axis direction, provided that the width of the second
nozzle 150 in the Y-axis direction is equal to the width of the
substrate 160 in the Y-axis direction. As described above,
since the second nozzle 150 may be formed to be significantly
smaller than an FMM used in a conventional deposition
method, it is relatively easy to manufacture the second nozzle
150 used in the embodiments of the present invention. In
other words, using the second nozzle 150, which is smaller
than an FMM used in a conventional deposition method, is
more convenient in all processes, including etching and sub-
sequent other processes, such as precise extension, welding,
moving, and cleaning processes, compared to the conven-
tional deposition method using the larger FMM. This is more
advantageous for a relatively large display device.

[0063] The barrier wall assembly 130 and the second
nozzle 150 are separated from each other by a predetermined
distance. The barrier wall assembly 130 and the second
nozzle 150 are separated from each other for at least some of
the following reasons and/or others.

[0064] First, the second nozzle 150 and the second nozzle
frame 155 have to be aligned with the substrate 160 to be
accurate in position and to have a constant interval therebe-
tween, and thus require high-precision control. Thus, in order
to make it easy to control such parts that require high-preci-
sion control, the second nozzle 150 and the second nozzle
frame 155 are separated from the deposition source 110, the
first nozzle 120 and the barrier wall assembly 130, which are
relatively heavy parts not requiring precise control. The tem-
perature of the barrier wall assembly 130 may increase to
100° C. or higher due to the deposition source 110 whose
temperature is high. Thus, in order to prevent the heat of the
barrier wall assembly 130 from being conducted to the second
nozzle 150, the barrier wall assembly 130 and the second
nozzle 150 are separated from each other. In the thin film
deposition apparatus 100 according to an embodiment of the
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present invention, the deposition material 115 adhered to the
barrier wall assembly 1301s mostly reused, whereas the depo-
sition material 115 adhered to the second nozzle 150 may not
be reused. Thus, when the barrier wall assembly 130 is sepa-
rated from the second nozzle 150, it may be straightforward to
recover the deposition material 115 to be reused. In addition,
a calibration plate (not shown) may be further installed in
order to ensure uniformity of a thin film over the entire sub-
strate 160. When the barrier walls 131 are separated from the
second nozzle 150, it is very easy to install the calibration
plate. Finally, a partition (not shown) may be further installed
between the barrier walls 131 and the second nozzle 150 in
order to prevent deposition of the deposition material 115 on
the second nozzle 150 after deposition onto the substrate 160
has been completed and before another target is subjected to
deposition. This may extend a nozzle exchange cycle. It is
easy to install the partition between the barrier walls 131 and
the second nozzle 150.

[0065] FIG. 4A is a schematic view illustrating deposition
of the deposition material 115 in the thin film deposition
apparatus 100, according to an embodiment of the present
invention. FIG. 4B illustrates a shadow zone of a thin film
deposited on the substrate 160 when the deposition space is
partitioned by the barrier walls 131. FIG. 4C illustrates a
shadow zone of a thin film deposited on the substrate 160
when the deposition space is not partitioned by the barrier
walls 131.

[0066] Referring to FIG. 4A, the deposition material 115
that is vaporized in the deposition source 110 is deposited on
the substrate 160 by being discharged through the first nozzle
120 and the second nozzle 150. Since the space between the
first nozzle 120 and the second nozzle 150 is partitioned into
aplurality of sub-deposition spaces S by the barrier walls 131,
the deposition material 115 discharged through each of the
first slits 121 of the first nozzle 120 is not mixed with the
deposition material 115 discharged through the other adja-
cent first slits 121 due to the barrier walls 131.

[0067] When the space between the first nozzle 120 and the
second nozzle 150 is partitioned by the barrier wall assembly
130, as illustrated in FIGS. 4A and 4B, a width SH;, of a
shadow zone formed on the substrate 160 may be determined
using Equation 1 below.

[Equation 1]
SH=s*d/h

where s denotes a distance between the second nozzle 150 and
the substrate 160, d_ denotes a width of the first slits 121 close
to the deposition source 110, and h denotes a distance
between the deposition source 110 and the second nozzle 150.

[0068] However, when the space between the first nozzle
120 and the second nozzle 150 is not partitioned by the barrier
walls 131, as illustrated in FIG. 4C, the deposition material
115 is discharged through the second nozzle 150 in a wider
range ofangles than in the case of F1G. 4B. This is because the
deposition material 115 discharged not just through a first slit
121 directly facing a second slit 151 but also through first slits
121 other than the first slit 121 above, passes through the
second slit 151 above and is then deposited on the substrate
160. Thus, a width SH, of a shadow zone formed on the
substrate 160 is much greater than when the deposition space
is partitioned by the barrier walls 131. The width SH, of the
shadow zone formed on the substrate 160 is determined using
Equation 2.



US 2010/0328197 Al

[Equation 2]
SH,=s*2d/h

where s denotes a distance between the second nozzle 150 and
the substrate 160, d denotes a distance between adjacent
barrier walls 131, and h denotes a distance between the depo-
sition source 110 and the second nozzle 150.

[0069] Referring to Equations 1 and 2, d,, which is the
width of the first slits 121, is a few to tens times smaller than
d, whichis the interval between the adjacent barrier walls, and
thus the shadow zone may have a smaller width when the
space between the first nozzle 120 and the second nozzle 150
is partitioned by the barrier walls 131. The width SH, of the
shadow zone formed on the substrate 160 may be reduced by
either one of the following: (1) by reducing the distance d
between the adjacent barrier walls 131, (2) by reducing the
distance s between the second nozzle 150 and the substrate
160, or (3) by increasing the distance h between the deposi-
tion source 110 and the second nozzle 150.

[0070] As described above, the shadow zone formed on the
substrate 160 may be reduced by installing the barrier walls
131. Thus, the second nozzle 150 can be separated from the
substrate 160.

[0071] Thus, in the thin film deposition apparatus 100
according to an embodiment of the present invention, the
second nozzle 150 may be separated from the substrate 160
by apredetermined distance. In other words, in aconventional
deposition method using an FMM, deposition is performed
with the FMM in close contact with a substrate in order to
prevent formation of a shadow zone on the substrate. How-
ever, when the FMM is used in close contact with the sub-
strate, the contact may cause defects. In addition, in the con-
ventional deposition method, the size of the mask has to be the
same as the size of the substrate since the mask cannot be
moved relative to the substrate. Thus, the size of the mask has
to be increased as display devices become larger. However, it
is not easy to manufacture such a large mask.

[0072] In order to overcome this and/or other problems, in
the thin film deposition apparatus 100, the second nozzle 150
is disposed to be separated from the substrate 160 by a pre-
determined distance. This may be facilitated by installing the
barrier walls 131 to reduce the width of the shadow zone
formed on the substrate 160.

[0073] As described above, a mask is formed to be smaller
than a substrate, and deposition is performed while the mask
is moved relative to the substrate. Thus, the mask can be easily
manufactured. In addition, defects caused due to the contact
between a substrate and an FMM, which occurs in the con-
ventional deposition method, may be prevented. Further-
more, since it is unnecessary to use the FMM in close contact
with the substrate during a deposition process, the manufac-
turing speed may be improved.

[0074] Hereinafter, a structure of an organic layer formed
by the thin film deposition apparatus 100 will be described in
detail.

[0075] FIG. 5A illustrates that the second slits 151 of the
second nozzle 150 in the thin film deposition apparatus 100
are arranged at equal intervals, and FIG. 5B illustrates that the
deposition material passes through the second nozzle 150 of
FIG. 5A forming organic layers on the substrate 160. Herein,
FIGS. 5A and 5B illustrate a part of the second nozzle 150
disposed between two adjacent barrier walls 131, i.e., only
second slits 151 within one sub-deposition space S.
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[0076] 1In addition, the substrate 160 may be divided into a
plurality of sub-deposition areas A by the barrier walls 131. In
other words, a region of the substrate 160 between two adja-
cent barrier walls 131 constitutes a sub-deposition area A.
[0077] FIGS. 5A and 5B illustrate the second nozzle 150
including the second slits 151 arranged at equal intervals.
That is, in FIG. 5A, the relation of I, =1,=I,=L, is established.
[0078] In this case, the deposition material 115 that passes
along a center line C of the sub-deposition space S has an
incident angle substantially perpendicular to the substrate
160. Thus, an organic layer P, formed of the deposition mate-
rial 115 that has passed through a second slit 151a¢ may have
the smallest entire shadow zone including a right-side shadow
zone SR, and a left-side shadow zone SL, that are symmetri-
cal to each other.

[0079] However, the deposition material 115 passing
through a second slit further away from the center line C of the
sub-deposition space S may have a greater critical incident
angle 0, and thus the deposition material 115 that passes
through a second slit 151e disposed in an end region of the
second nozzle 150 may have a critical incident angle 6 of
about 55°. Thus, the deposition material 115 enters the sec-
ond slit 151e slanting at an angle, and thus forms an organic
layer P5 by passing through the second slit 151e, wherein the
organic layer P has the largest entire shadow zone in which a
left-side shadow zone SL; is wider than a right-side shadow
Zone SR.

[0080] Inother words, the greater the critical incident angle
6 of the deposition material 115, the larger the entire shadow
zone of an organic layer, and in particular, the larger a side
shadow zone of the organic layer further away from the center
line C of the sub-deposition space S. In addition, the critical
incident angle 6 of the deposition material 115 becomes
greater the further the distance from the center line C of the
sub-deposition space S to the corresponding second slit.
Thus, the further the distance from the center line C of the
sub-deposition space S to a second slit, the larger the entire
shadow zone of an organic layer formed of the deposition
material 115 that has passed through the second slit, and the
larger a side shadow zone of the organic layer further away
from the center line C of the sub-deposition space S than the
other side shadow zone thereof.

[0081] In other words, referring to FIG. 5B, for organic
layers formed on the left from the center line C of the sub-
deposition space S, left-inclined sides thereof are wider than
right-inclined sides thereof. On the contrary, for organic lay-
ers formed on the right from the center line C of the sub-
deposition space S, right-inclined sides thereof are wider than
left-inclined sides thereof.

[0082] Inaddition, among the organic layers formed on the
left from the center line C of the sub-deposition space S,
organic layers lying further left from the center line C have
wider left-inclined sides than right-inclined sides compared
to the other organic layers. Similarly, among the organic
layers formed on the right from the center line C of the
sub-deposition space S, organic layers lying further to the
right from the center line C have wider right-inclined sides
than left-inclined sides compared to the other organic layers.
Consequently, the organic layers formed in the sub-deposi-
tion space S are symmetrical with respect to the center line C
of the sub-deposition space S.

[0083] This will now be described in detail below.

[0084] The deposition material passing through a second
slit 1515 at a critical incident angle 8, forms an organic layer
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P, including a left-side shadow zone having a width of SL,.
Similarly, the deposition material passing through a second
slit 151 ¢ at a critical incident angle 0 forms an organic layer
P, including a left-side shadow zone having a width of SL;.
Similarly, the deposition material passing through a second
slit 1514 at a critical incident angle 0 , forms an organic layer
P, including a left-side shadow zone having a width of SL,.
Finally, the deposition material passing through a second slit
151e at a critical incident angle 6, forms an organic layer Ps
including a left-side shadow zone having a width of SL..

[0085] Herein, the relation of 6,<0_<60 <0, is established,
and thus the relation of SL <SL,<SL;<SL,<SL., which
defines the relation between the widths of the left-side
shadow zones of the organic layers formed of the deposition
material that has passed through the second slits 151, is also
satisfied.

[0086] Inaddition, the substrate 160 may include a plurality
of sub-deposition areas A parallel to each other. Although
only one deposition area A is illustrated in FIG. 5B, when a
plurality of such deposition areas A are continuously dis-
posed, a pattern of organic layers may be regularly repeated.
In other words, such a repetitive pattern may be constituted of
organic layers whose left-side shadow zones become gradu-
ally narrower from a left end organic layer toward the right
direction, wherein the left-side shadow zone of the left end
organic layer is wider than a right-side shadow zone thereof,
a middle organic layer. such as the organic layer P, of FIG.
5B, including a left-side shadow zone and a right-side shadow
zone that have an equal width; and organic layers whose
right-side shadow zones become gradually wider from the
middle organic layer toward the right direction.

[0087] FIG. 6 is a plan view of an organic light-emitting
display device manufactured by using a thin film deposition
apparatus, according to an embodiment of the present inven-
tion.

[0088] Referring to FIG. 6, the organic light-emitting dis-
play 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.

[0089] Inanembodimentof the present invention, the emis-
sion 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), green (G)
and blue (B) sub-pixels are arranged in various patterns, for
example, in a line, mosaic, or lattice pattern, to constitute a
pixel. The organic light-emitting display device according to
an embodiment of the present invention may include a mono-
chromatic flat display device.

[0090] The circuit regions 40 control, for example, an
image signal that is input to the pixel region 30.

[0091] In 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 region 40.

[0092] Theatleast 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.

Dec. 30, 2010

[0093] The number and arrangement of TFTs may vary
according to the features of the display device and the driving
method thereof.

[0094] FIG. 7 is a sectional view of a sub-pixel of the
organic light-emitting display device illustrated in FIG. 6,
according to an embodiment of the present invention;

[0095] Referring to FIG. 7, 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.

[0096] 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 526 and 52¢, respectively, of the active
layer 52 through contact holes. A gate region 52¢ is disposed
between the source/drain regions 526 and 52¢. A passivation
layer 58 is formed of SiO,, SiN,, or the like on the source/
drain electrodes 56 and 57. A planarization layer 59 is formed
of an organic material, such as acryl, polyimide, benzocy-
clobutene (BCB), or the like, on the passivation layer 58. A
pixel electrode 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. The present invention is not lim-
ited to the structure of the organic light-emitting display
device described above, and various structures of organic
light-emitting display devices may be applied to the embodi-
ments of the present invention.

[0097] 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.

[0098] 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.

[0099] 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), an electron injection layer (EIL), and the
like. 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 (Algs;), and the like. The low-molecular weight organic
layer may be formed by vacuum deposition.
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[0100] When a high-molecular weight organic layer is used
as the organic layer 62, the organic layer 62 may mostly have
a structure including a HTL and an EML.. In this case, the
HTL may be formed of poly(ethylenedioxythiophene) (PE-
DOT), and the EML may be formed of polyphenylenevi-
nylenes (PPVs) or polyfluorenes. The HTL and the EML may
be formed by screen printing, inkjet printing, or the like.
[0101] The organic layer 62 is not limited to the organic
layers described above, and may be embodied in various
ways.

[0102] 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.

[0103] Thepixel electrode 61 may be formed as a transpar-
ent electrode or a reflective electrode. Such a transparent
electrode may be formed of indium tin oxide (ITO), indium
zinc oxide (IZ0), zinc oxide (Zn0), or indium oxide (In,O;).
Such a reflective 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 acompound
thereof and forming a layer of ITO, IZO, ZnO, or In,O;on the
reflective layer.

[0104] 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. To this end, such a trans-
parent electrode 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/alumi-
num (LiF/Al), aluminum (Al), silver (Ag), magnesium (Mg),
or acompound 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, IZO, ZnO, In,0;, or the like. When the counter
electrode 63 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 layer 62.

[0105] In the organic light-emitting display apparatus
described above, the organic layer 62 may be formed using
the thin film deposition assembly 100 described above with
reference to FIGS. 1 through 5. In other words, the substrate
50 may be divided into a plurality of deposition areas (refer to
“A”inFIG. 5B) by the barrier wall assembly 130 illustrated in
FIG. 1. An organic layer formed of the deposition material
that has passed through a second slit further away from the
center line C of the sub-deposition space S has a larger
shadow zone, and in particular, a side shadow zone of the
organic layer further away from the center line C of the
sub-deposition space S is larger than the other side shadow
zone of the organic layer.

[0106] Inother words, referring to FIG. 5B, for the organic
layers formed on the left from the center line C of the sub-
deposition space S, the left-inclined sides thereof are wider
than the right-inclined sides thereof. On the contrary, for the
organic layers formed on the right from the center line C of the
sub-deposition space S, the right-inclined sides thereof are
wider than the left-inclined sides thereof.

[0107] Inaddition, among the organic layers formed on the
left from the center line C of the sub-deposition space S,
organic layers lying further left from the center line C have
wider left-inclined sides than right-inclined sides compared
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to the other organic layers. Similarly, among the organic
layers formed on the right from the center line C of the
sub-deposition space S, organic layers lying further right
from the center line C have wider right-inclined slides than
left-inclined sides compared to the other organic layers. Con-
sequently, the organic layers formed in the deposition area A
are symmetrical with respect to the center line C of the sub-
deposition space S. The shape of such a pattern of organic
layers have been described in detail with reference to FIG.
5B, and thus a detailed description thereof will not be pro-
vided here.

[0108] FIG. 8is a schematic perspective view of a thin film
deposition apparatus 200 according to another embodiment
of the present invention.

[0109] Referring to FIG. 8, the thin film deposition appa-
ratus 200 includes a deposition source 210, a first nozzle 220,
afirst barrier wall assembly 230, a second barrier wall assem-
bly 240, a second nozzle 250, a second nozzle frame 255, and
a substrate 260.

[0110] Although a chamber is not illustrated in FIG. 8 for
convenience of explanation, all the components of the thin
film deposition assembly 200 may be disposed within a
chamber that is maintained at an appropriate degree of
vacuum. The chamber is maintained at an appropriate
vacuum in order to allow a deposition material to move in a
straight direction.

[0111] The substrate 260, which constitutes a target on
which a deposition material 215 is to be deposited, is disposed
in the chamber. The deposition source 210 that contains and
heats the deposition material 215 is disposed in an opposite
side of the chamber to that in which the substrate 260 is
disposed. The deposition source 210 may include a crucible
211 and a heater 212.

[0112] The first nozzle 220 is disposed at a side of the
deposition source 210, and in particular, at the side of the
deposition source 210 facing the substrate 260. The first
nozzle 220 includes a plurality of first slits 221 arranged at
equal intervals in a Y-axis direction.

[0113] The first barrier wall assembly 230 is disposed at a
side of the first nozzle 220. The first barrier wall assembly 230
includes a plurality of first barrier walls 231, and a first barrier
wall frame 232 that covers sides of the first barrier walls 231.
[0114] The second barrier wall assembly 240 is disposed at
a side of the first barrier wall assembly 230. The second
barrier wall assembly 240 includes a plurality of second bar-
rier walls 241, and a second barrier wall frame 242 that covers
sides of the second barrier walls 241.

[0115] The second nozzle 250 and the second nozzle frame
255 are disposed between the deposition source 210 and the
substrate 260. The second nozzle frame 255 may be formed in
alattice shape, similar to a window frame. The second nozzle
250 is bound inside the second nozzle frame 255. The second
nozzle 250 includes a plurality of second slits 251 arranged at
equal intervals in the Y-axis direction.

[0116] The thin film deposition assembly 200 includes two
separate barrier wall assemblies, i.e., the first barrier wall
assembly 230 and the second barrier wall assembly 240,
unlike the thin film deposition assembly 100 illustrated in
FIG. 1, which includes one barrier plate assembly 130.
[0117] The plurality of first barrier walls 231 may be
arranged parallel to each other at equal intervals in the Y-axis
direction. In addition, each of the first barrier walls 231 may
be formed to extend along an X7 plane in FIG. 8, i.e., per-
pendicular to the Y-axis direction.
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[0118] The plurality of second barrier walls 241 may be
arranged parallel to each other at equal intervals in the Y-axis
direction. In addition, each of the second barrier walls 241
may be formed to extend along an XZ plane in FIG. 8, i.e.,
perpendicular to the Y-axis direction.

[0119] The plurality of first barrier walls 231 and the plu-
rality of second barrier walls 241, arranged as described
above, partition the space between the first nozzle 220 and the
second nozzle 250. In the thin film deposition apparatus 200,
the deposition space is divided by the first barrier walls 231
and the second barrier walls 241 into sub-deposition spaces
that respectively correspond to the first slits 221 through
which the deposition material 215 is discharged.

[0120] The second barrier walls 241 may be disposed to
correspond respectively to the first barrier walls 231. In other
words, the second barrier walls 241 may be respectively
disposed to be parallel to and to be on the same plane as the
first barrier walls 231. Each pair of the corresponding first and
second barrier walls 231 and 241 may be located on the same
plane. As described above, since the space between the first
nozzle 220 and the second nozzle 250, which will be
described later, is partitioned by the first barrier walls 231 and
the second barrier walls 241, which are disposed parallel to
each other, the deposition material 215 discharged through
each of the first slits 221 is not mixed with the deposition
material 215 discharged through the other first slits 221, and
is deposited on the substrate 260 through the second slits 251.
In other words, the first barrier walls 231 and the second
barrier walls 241 guide the deposition material 215, which is
discharged through the first slits 221, not to flow in the Y-axis
direction.

[0121] Although the first barrier walls 231 and the second
barrier walls 241 are respectively illustrated as having the
same thickness in the Y-axis direction, the present invention is
not limited thereto. In other words, the second barrier walls
241, which need to be accurately aligned with the second
nozzle 250, may be formed to be relatively thin, whereas the
first barrier walls 231, which do not need to be precisely
aligned with the second nozzle 250, may be formed to be
relatively thick. This makes it easier to manufacture the thin
film deposition apparatus 200.

[0122] In addition, regarding organic layers formed using
the thin film deposition apparatus 200 according to the
embodiment described with reference to FIG. 8, as illustrated
in FIG. 5B, the further the distance from the center line C of
the sub-deposition space S to a second slit, the larger the
entire shadow zone in an organic layer formed of the deposi-
tion material that has passed through the second slit, and the
larger a side shadow zone of the organic layer further away
from the center line C of the sub-deposition space S than the
other side shadow zone thereof.

[0123] In other words, for organic layers formed on the left
from the center line C of the sub-deposition space S, left-
inclined sides thereof are wider than right-inclined sides
thereof. On the other hand, for organic layers formed on the
right from the center line C of the sub-deposition space S,
right-inclined sides thereof are wider than left-inclined sides
thereof. In addition, among the organic layers formed on the
left from the center line C of the sub-deposition space S,
organic layers lying further left from the center line C have
wider left-inclined sides than right-inclined sides compared
to the other organic layers. Similarly, among the organic
layers formed on the right from the center line C of the
sub-deposition space S, organic layers lying further right
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from the center line C have wider right-inclined slides than
left-inclined ones compared to the other organic layers. Con-
sequently, the organic layers formed in the sub-deposition
space S are symmetrical with respect to the center line C of
the sub-deposition space S. The shape of such a pattern of
organic layers have been described in detail in the above
embodiment with reference to FIG. 5B, and thus a detailed
description thereof will not be provided here.

[0124] As described above, in a thin film deposition appa-
ratus according to an embodiment of the present invention
and a method of manufacturing an organic light-emitting
display device according to an embodiment of the present
invention by using the thin film deposition apparatus, the thin
film deposition apparatus may be simply applied to manufac-
ture large substrates on a mass scale. In addition, the thin film
deposition apparatus and the organic-light-emitting display
device may be easily manufactured, may improve manufac-
turing yield and deposition efficiency, and may allow depo-
sition materials to be reused.

[0125] Although a few embodiments of the present inven-
tion have been shown and described, it would be appreciated
by those skilled in the art that changes may be made in this
embodiment without departing from the principles and spirit
of the invention, the scope of which is defined in the claims
and their equivalents.

What is claimed is:

1. An organic light-emitting display device comprising:

a substrate including a plurality of deposition areas

arranged parallel to each other;

at least one thin film transistor formed on the substrate, the

at least one thin film transistor comprising a semicon-
ductor active layer, a gate electrode insulated from the
semiconductor active layer, and source and drain elec-
trodes contacting the semiconductor active layer;

a plurality of pixel electrodes formed on the thin film

transistor;

a plurality of organic layers formed on each of the pixel

electrodes; and

a counter electrode formed on the organic layers,

wherein the plurality of organic layers disposed in each of

the deposition areas of the substrate have a larger
shadow zone the further a distance from a center of a
corresponding deposition area.

2. The organic light-emitting display device of claim 1,
wherein each of the organic layers comprises a left-side
shadow zone and a right-side shadow zone, and whichever of
the left-side shadow zone and the right-side shadow zone is
further away from the center of the corresponding deposition
area, the larger the shadow zone of one of the left-side shadow
zone and the right-side shadow zone with respect to the other.

3. The organic light-emitting display device of claim 2,
wherein whichever of the left-side shadow zone and the right-
side shadow zone of each of the organic layers formed on the
substrate further away from the center of the corresponding
deposition area is larger, the further the distance from the
center of the corresponding deposition area to each of the
organic layers.

4. The organic light-emitting display device of claim 1,
wherein an organic layer, from amongst the plurality of
organic layers, formed on the substrate at the center of the
corresponding deposition area has the left-side shadow zone
and the right-side shadow zone of substantially a same size.

5. The organic light-emitting display device of claim 1,
wherein an organic layer, from amongst the plurality of
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organic layers, formed on the substrate at the center of the
deposition area, has the smallest shadow zone among the
other organic layers in the corresponding deposition area.
6. The organic light-emitting display device of claim 1,
wherein the plurality of organic layers in each of the deposi-
tion areas are symmetrical with respect to the center of the
corresponding deposition area
7. The organic light-emitting display device of claim 1,
wherein the plurality of organic layers formed in each of the
deposition areas have the same pattern.
8. A thin film deposition apparatus to form a thin film on a
substrate, the apparatus comprising:
a deposition source that discharges a deposition material;
a first nozzle that is disposed at a side of the deposition
source and comprises a plurality of first slits arranged in
a first direction;

asecond nozzle that is disposed opposite to the first nozzle
and comprises a plurality of second slits arranged in the
first direction; and
a barrier wall assembly that is disposed between the first
nozzle and the second nozzle in the first direction, and
comprises a plurality of barrier walls that partition a
space between the first nozzle and the second nozzle into
a plurality of sub-deposition spaces,

wherein the deposition source, the first nozzle, the second
nozzle, and the barrier wall assembly are movable rela-
tive to the substrate, or the substrate is movable relative
to the deposition source, the first nozzle, the second
nozzle, and the barrier wall assembly.

9. The thin film deposition apparatus of claim 8, wherein a
plurality of thin films formed on the substrate within each of
the sub-deposition spaces have a larger shadow zone the
further a distance from a center of a corresponding sub-
deposition space.

10. The thin film deposition apparatus of claim 9, wherein
each of the plurality of thin films formed on the substrate
comprises a left-side shadow zone and a right-side shadow
zone, and whichever of the left-side shadow zone and the
right-side shadow zone is further away from the center of the
corresponding sub-deposition space the larger the shadow
zone of one of the left-side shadow zone and the right-side
shadow zone with respect to the other.

11. The thin film deposition apparatus of claim 10, wherein
whichever of the left-side shadow zone and the right-side
shadow zone of each one of the plurality of thin films further
away from the center of the corresponding sub-deposition
space 1s larger, the further the distance from the center of the
corresponding sub-deposition space to each one of the plu-
rality of thin films.

12. The thin film deposition apparatus of claim 9, wherein
a thin film amongst the plurality of thin films formed on the
substrate at the center of each of the sub-deposition spaces,
comprises a left-side shadow zone and a right-side shadow
zone that are substantially of a same size.

13. The thin film deposition apparatus of claim 9, wherein
a thin film amongst the plurality of thin films formed at a
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center of each of the sub-deposition spaces, has a smallest
shadow zone among the other thin films in the corresponding
sub-deposition space.

14. The thin film deposition apparatus of claim 9, wherein
the plurality of thin films formed on the substrate within each
of the sub-deposition spaces are symmetrical with respect to
the center of the corresponding deposition space.

15. The thin film deposition apparatus of claim 8, wherein
each of the barrier walls extends in a second direction that is
substantially perpendicular to the first direction, in order to
partition the space between the first nozzle and the second
nozzle into the plurality of deposition spaces.

16. The thin film deposition apparatus of claim 8, wherein
the plurality of barrier walls are arranged at equal intervals.

17. The thin film deposition apparatus of claim 8, wherein
the barrier walls are separated from the second nozzle by a
predetermined distance.

18. The thin film deposition apparatus of claim 8, wherein
the barrier wall assembly is detachable from the thin film
deposition apparatus.

19. The thin film deposition apparatus of claim 8, wherein
the barrier wall assembly comprises a first barrier wall assem-
bly comprising a plurality of first barrier walls, and a second
barrier wall assembly comprising a plurality of second barrier
walls.

20. The thin film deposition apparatus of claim 19, wherein
each of the first barrier walls and each of the second barrier
walls extend in a second direction that is substantially per-
pendicular to the first direction, in order to partition the space
between the first nozzle and the second nozzle into the plu-
rality of deposition spaces.

21. The thin film deposition apparatus of claim 19, wherein
the first barrier walls are arranged to respectively correspond
to the second barrier walls.

22. The thin film deposition apparatus of claim 21, wherein
each pair of the first and second barrier walls corresponding to
each other is arranged on substantially a same plane.

23. The thin film deposition apparatus of claim 8, wherein
the second nozzle is separated from the substrate by a prede-
termined distance.

24. The thin film deposition apparatus of claim 8, wherein
the deposition material is deposited on the substrate while the
deposition source, the first nozzle, the second nozzle, and the
barrier wall assembly are moved relative to the substrate or
while the substrate is moved relative to the deposition source,
the first nozzle, the second nozzle, and the barrier wall assem-
bly.

25. The thin film deposition apparatus of claim 8, wherein
the deposition source, the first nozzle, the second nozzle, and
the barrier wall assembly are moved relative to the substrate
along a plane parallel to a surface of the substrate, or the
substrate is moved relative to the deposition source, the first
nozzle, the second nozzle, and the barrier wall assembly
along the plane.
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