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(57) ABSTRACT

A vapor deposition apparatus for depositing thin films on a
substrate includes a supply unit including a plurality of linear
supply members configured to supply at least one gas; and a
nozzle unit including a plurality of nozzle members con-
nected to the plurality of supply members and configured to
supply the at least one gas toward the substrate, wherein two
adjacent nozzle members of the plurality of nozzle members
are connected to at least one common supply member of the
plurality of supply members.
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VAPOR DEPOSITION APPARATUS, VAPOR
DEPOSITION METHOD AND METHOD OF
MANUFACTURING ORGANIC LIGHT
EMITTING DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0108620, filed on
Sep. 10, 2013, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] Aspects of one or more embodiments of the present
invention relate to a vapor deposition apparatus, a vapor depo-
sition method, and a method of manufacturing an organic
light emitting display apparatus.

[0004] 2. Description of the Related Art

[0005] Semiconductor devices, display apparatuses, and
electronic devices include a plurality of thin films. One of
various methods of forming the plurality of thin films is a
vapor deposition method.

[0006] The vapor deposition method uses one or more
gases as a raw material for forming thin films. Such a vapor
deposition method may include a chemical vapor deposition
(CVD) method, an atomic layer deposition (ALD) method,
and other various suitable methods.

[0007] According to the ALD method, one raw material is
injected, purged, and pumped, and one or more molecular
layers are adsorbed or deposited onto a substrate. Also,
another kind of raw material may be injected and purged/
pumped to finally form one or more desired atomic layers.
[0008] Among display apparatuses, an organic light-emit-
ting display apparatus has wide viewing angles, high contrast,
and fast response speeds and thus has received attention as a
next generation display apparatus.

[0009] The organic light-emitting display apparatus
includes an intermediate layer between opposite first and
second electrodes and one or more various kinds of thin films,
and the intermediate layer includes an organic emission layer.
Here, a deposition process is used to form the thin films of the
organic light-emitting display apparatus.

[0010] Research has been conducted in order to improve
efficiency in a vapor deposition processes and to improve thin
film property in order to form various thin films.

SUMMARY

[0011] Aspects of one or more embodiments of the present
invention are directed toward a vapor deposition apparatus, a
vapor deposition method, and a method of manufacturing an
organic light emitting display apparatus.

[0012] Additional aspects and characteristics will be set
forth in part in the description which follows and, in part, will
be apparent from the description, or may be learned by prac-
tice of the presented embodiments.

[0013] According to one or more embodiments of the
present invention, a vapor deposition apparatus for depositing
thin films on a substrate includes a supply unit including a
plurality of linear supply members configured to supply at
least one gas; and a nozzle unit including a plurality of nozzle
members connected to the plurality of supply members and

Mar. 12,2015

configured to supply the at least one gas toward the substrate,
wherein two adjacent nozzle members of the plurality of
nozzle members may be connected to at least one common
supply member of the plurality of supply members.

[0014] The plurality of nozzle members of the nozzle unit
may be elongated along a direction parallel to a direction
along which the supply members extend.

[0015] The plurality of supply members may include first
supply members, selectively supplying a purge gas and a first
raw material gas, and second supply members, selectively
supplying the purge gas and a second raw material gas.
[0016] The first supply members, selectively supplying the
purge gas and the first raw material gas, and the second supply
members, selectively supplying the purge gas and the second
raw material gas, may be alternately located.

[0017] When the first supply members, selectively supply-
ing the purge gas and the first raw material gas, supply the first
raw material gas, the second supply members, selectively
supplying the purge gas and the second raw material gas, may
supply the purge gas.

[0018] When the second supply members, selectively sup-
plying the purge gas and the second raw material gas, supply
the second raw material gas, the first supply members, selec-
tively supplying the purge gas and the first raw material gas,
may supply the purge gas.

[0019] Two adjacent supply members of the plurality of
supply members may be connected to at least one common
nozzle member of the plurality of nozzle members.

[0020] According to one or more embodiments of the
present invention, a vapor deposition method includes pre-
paring a substrate; supplying a gas to a supply unit, wherein
the gas is supplied to one end portion of each of a plurality of
linear supply members of the supply unit; transferring the gas
supplied to the supply unit to a nozzle unit including a plu-
rality of nozzle members; and providing the gas toward the
substrate via the nozzle members, wherein two adjacent
nozzle members of the plurality of nozzle members may be
arranged so as to be connected to at least one common supply
member of the plurality of supply members.

[0021] The plurality of nozzle members of the nozzle unit
may be elongated along a direction parallel to a direction
along which the supply members extend.

[0022] The plurality of supply members may include first
supply members, selectively supplying a purge gas and a first
raw material gas, and second supply members, selectively
supplying the purge gas and a second raw material gas.
[0023] The first supply members, selectively supplying the
purge gas and the first raw material gas, and the second supply
members, selectively supplying the purge gas and the second
raw material gas, may be alternately located.

[0024] When the first supply members, selectively supply-
ing the purge gas and the first raw material gas, supply the first
raw material gas, the second supply members, selectively
supplying the purge gas and the second raw material gas, may
supply the purge gas.

[0025] When the second supply members, selectively sup-
plying the purge gas and the second raw material gas, supply
the second raw material gas, the first supply members, selec-
tively supplying the purge gas and the first raw material gas,
may supply the purge gas.

[0026] Two adjacent supply members of the plurality of
supply members may be connected to at least one common
nozzle member of the plurality of nozzle members.
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[0027] An exhaust unit may be connected to an other end
portion facing the one end portion of each of the plurality of
linear supply members.

[0028] The vapor deposition method may include an
atomic layer deposition (ALD) method.

[0029] According to one or more embodiments of the
present invention, a method of manufacturing an organic light
emitting display apparatus including one or more thin films
on a substrate, the method includes processes of forming the
one or more thin films on the substrate and includes preparing
a substrate; supplying a gas to a supply unit, wherein the gas
is supplied to one end portion of each of a plurality of linear
supply members of the supply unit; transferring the gas sup-
plied to the supply unit to a nozzle unit including a plurality of
nozzle members; and providing the gas toward the substrate
via the nozzle members, wherein two adjacent nozzle mem-
bers of the plurality of nozzle members are arranged so as to
be connected to at least one common supply member of the
plurality of supply members.

[0030] The organic light emitting display apparatus may
include an organic light emitting device (OLED) including a
first electrode, a second electrode, and an intermediate layer
between the first electrode and the second electrode, the inter-
mediate layer including at least an organic emission layer, and
wherein the forming the one or more thin films on the sub-
strate may further include forming an encapsulation layer on
the OLED.

[0031] The forming the one or more thin films on the sub-
strate may further include forming one or more insulating
layers in the organic light emitting display apparatus.

[0032] The forming the one or more thin films on the sub-
strate may include forming one or more conductive layers in
the organic light emitting display apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] These and/or other aspects and characteristics will
become apparent and more readily appreciated from the fol-
lowing description of the embodiments, taken in conjunction
with the accompanying drawings in which:

[0034] FIG. 1 is a cross-sectional view of a vapor deposi-
tion apparatus according to an embodiment of the present
invention;

[0035] FIG. 2 is a plan view of the vapor deposition appa-
ratus illustrated in FIG. 1;

[0036] FIGS. 3A through 3E are diagrams illustrating
deposition processes performed by the vapor deposition
apparatus illustrated in FIG. 1;

[0037] FIG. 4 is a schematic front view of a vapor deposi-
tion apparatus according to an other embodiment of the
present invention;

[0038] FIG. 5 is a schematic front view of a vapor deposi-
tion apparatus according to an other embodiment of the
present invention;

[0039] FIG. 6 is a schematic front view of a vapor deposi-
tion apparatus according to an other embodiment of the
present invention;

[0040] FIG. 7 is a schematic cross-sectional view of an
organic light emitting display apparatus manufactured by a
method of manufacturing an organic light emitting display
apparatus according to an embodiment of the present inven-
tion; and

[0041] FIG. 8 is an expanded view showing the portion F
shown in FIG. 7.
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DETAILED DESCRIPTION

[0042] Reference will now be made in detail to example
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to the like elements throughout. In this regard, the
present embodiments may have different forms and should
not be construed as being limited to the descriptions set forth
herein. Accordingly, the embodiments are merely described
below, by referring to the figures, to explain aspects of the
present description. Expressions, such as “at least one of,”
when preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the list.
[0043] Itwill be understood that although the terms “first”,
“second”, etc. may be used herein to describe various com-
ponents, these components should not be limited by these
terms. These components are only used to distinguish one
component from another.

[0044] As used herein, the singular forms “a,” “an”, and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

[0045] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specify the presence
of stated features or components, but do not preclude the
presence or addition of one or more other features or compo-
nents.

[0046] It will be understood that when a layer, region, or
component is referred to as being “formed on,” another layer,
region, or component, it can be directly or indirectly formed
on the other layer, region, or component. That is, for example,
intervening layers, regions, or components may be present.
[0047] Sizes of elements in the drawings may be exagger-
ated for convenience of explanation. In other words, because
sizes and thicknesses of components in the drawings may be
arbitrarily illustrated for convenience of explanation, the fol-
lowing embodiments are not limited thereto.

[0048] In the following examples, the x-axis, the y-axis,
and the z-axis are not limited to three axes of the rectangular
coordinate system and may be interpreted in a broader sense.
For example, the x-axis, the y-axis, and the z-axis may be
perpendicular to one another or may represent different direc-
tions that are not perpendicular to one another.

[0049] When a certain embodiment may be implemented
differently, a specific process order thereof may be performed
differently from the described order. For example, two con-
secutively described processes may be performed at substan-
tially the same time or may be performed in an order opposite
to the described order. Further, the use of “may” when
describing embodiments of the present invention refers to
“one or more embodiments of the present invention.”

[0050] FIG. 1isaschematic cross-sectional view of a vapor
deposition apparatus according to an embodiment of the
present invention, and FIG. 2 is a plan view of the vapor
deposition apparatus shown in FIG. 1.

[0051] Referring to FIGS. 1 and 2, the vapor deposition
apparatus 100 includes a supply unit 110, a nozzle unit 120,
housings 101 and 102, and a stage 191.

[0052] The vapor deposition apparatus 100 performs a
vapor deposition process on a substrate SUB to form one or
more thin films on the substrate SUB.

[0053] The substrate SUB is disposed on the stage 191. The
stage 191 supports (e.g., fixedly supports) the substrate SUB
during the vapor deposition processes. To do this, a clamp
may be disposed on the stage 191. In addition, as shown in
FIG. 1, the stage 191 may be formed to have a groove in which
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the substrate SUB is arranged. As such, the substrate SUB
may be stably disposed on the stage 191, and the substrate
SUB falling from the stage 191 or vibration of the substrate
SUB during the vapor deposition processes may be reduced
or prevented. However, the embodiments of the present
invention are not limited thereto, that is, the stage 191 may not
include the groove.

[0054] In an other embodiment of the present invention,
heat may be applied to the stage 191 (e.g., the stage 191 may
be heated) in order to improve efficiency of the vapor depo-
sition processes.

[0055] The supply unit 110 may include a plurality of sup-
ply members 111 to 117. For example, the supply unit 110
may include a first supply member 111, a second supply
member, a third supply member 113, a fourth supply member
114, a fifth supply member 115, a sixth supply member 116,
and a seventh supply member 117. In the present embodi-
ment, the supply unit 110 includes seven supply members;
however, the embodiments of the present invention are not
limited thereto, and the number of supply members included
in the supply unit 110 may be more or less than seven.

[0056] Theplurality of supply members 111 through 117 of
the supply unit 110 may have elongated linear shapes. In
addition, each of the supply members 111 through 117 may
include an end portion and an other end portion. That is, as
shown in FIG. 2, the first supply member 111 includes an end
portion 111a and an other end portion 1115 facing the end
portion 111a, the second supply member 112 includes an end
portion 112a and an other end portion 1124 facing the end
portion 1124, the third supply member 113 includes an end
portion 113a and an other end portion 1134 facing the end
portion 113a, the fourth supply member 114 includes an end
portion 114a and an other end portion 1144 facing the end
portion 114a, the fifth supply member 115 includes an end
portion 115a and an other end portion 1154 facing the end
portion 1154, the sixth supply member 116 includes an end
portion 116a and an other end portion 1164 facing the end
portion 1164, and the seventh supply member 117 includes an
end portion 117a and an other end portion 1175 facing the end
portion 117a.

[0057] The end portions 111a through 117a of the respec-
tive supply members 111 through 117 may be connected to
(or coupled to) a gas supply apparatus to receive (e.g., con-
figured to receive) one or more gases, and an exhaust unit may
be connected to the other end portions 1115 through 1175.
For example, the other end portions 1115 through 1175 may
be connected to a pump.

[0058] The gas supplied to the end portions 111a through
117a of the respective supply members 111 through 117 may
be transferred to the nozzle unit 120 that will be described
later, and the gas used during the deposition processes may be
easily exhausted through the other end portions 1115 through
1175, thereby improving the efficiency of the deposition pro-
cesses. Because the gas used in the deposition processes is
easily exhausted through the other end portions 1115 through
1175, there may be little or no remaining gas in the plurality
of supply members 111 through 117 when a gas that will be
used in post-processes is injected through the end portions
111a through 117a. Thus, interference between the different
gases that are used in different processes may be reduced or
prevented.

[0059] The plurality of supply members 111 through 117
are disposed to correspond to an area (e.g., an entire area) of
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the substrate SUB and may be arranged at intervals (e.g.,
constant intervals) therebetween.

[0060] The nozzleunit 120 is disposed to face the substrate
SUB and is closer to the substrate SUB than the supply unit
110 is. The nozzle unit 120 may include a plurality of nozzle
members 121 through 126. For example, the nozzle unit 120
may include a first nozzle member 121, a second nozzle
member 122, a third nozzle member 123, a fourth nozzle
member 124, a fifth nozzle member 125, and a sixth nozzle
member 126.

[0061] The gas transferred from the plurality of supply
members 111 through 117 of the supply unit 110 to the
plurality of nozzle members 121 through 126 of the nozzle
unit 120 is provided to the substrate SUB via the nozzle
members 121 through 126.

[0062] The nozzle members 121 through 126 of the nozzle
unit 120 may have elongated linear shapes, similar to the
supply members 111 through 117 of the supply unit 110.
Here, the extending direction of the plurality of nozzle mem-
bers 121 through 126 may be parallel to the extending direc-
tion of the supply members 111 through 117.

[0063] The plurality of nozzle members 121 through 126
will be described in more detail. The first nozzle member 121
is disposed between the first supply member 111 and the
second supply member 112. The second nozzle member 122
is disposed between the second supply member 112 and the
third supply member 113 so as to be separated from the first
nozzle member 121. The third nozzle member 123 is disposed
between the third supply member 113 and the fourth supply
member 114 so as to be separated from the second nozzle
member 122. The fourth nozzle member 124 is disposed
between the fourth supply member 114 and the fifth supply
member 115 to be separated from the third nozzle member
123. The fifth nozzle member 125 is disposed between the
fifth supply member 115 and the sixth supply member 116 to
be separated from the fourth nozzle member 124. The sixth
nozzle member 126 is disposed between the sixth supply
member 116 and the seventh supply member 117 to be sepa-
rated from the fifth nozzle member 125.

[0064] A connection unit 130 may be disposed between the
supply unit 110 and the nozzle unit 120 and may include a
plurality of connection members 131 through 137. The plu-
rality of supply members 111 through 117 and the plurality of
nozzle members 121 through 126 may be connected to each
other via the plurality of connection members 131 through
137. That is, the plurality of connection members 131 through
137 may be formed as hollow passages.

[0065] The plurality of connection members 131 through
137 will be described below.

[0066] The first connection member 131 connects the first
supply member 111 and the first nozzle member 121 to each
other.

[0067] A second connection member A 132a connects the
second supply member 112 and the first nozzle member 121
to each other, and a second connection member B 1326 con-
nects the second supply member 112 and the second nozzle
member 122 to each other.

[0068] A third connection member A 133a connects the
third supply member 113 and the second nozzle member 122
to each other, and a third connection member B 1335 connects
the third supply member 113 and the third nozzle member 123
to each other.

[0069] A fourth connection member A 134a connects the
fourth supply member 114 and the third nozzle member 123
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to each other, and a fourth connection member B 1345 con-
nects the fourth supply member 114 and the fourth nozzle
member 124 to each other.

[0070] A fifthconnection member A 135a connects the fifth
supply member 115 and the fourth nozzle member 124 to
each other, and a fifth connection member B 1356 connects
the fifth supply member 115 and the fifth nozzle member 125
to each other.

[0071] A sixth connection member A 1364 connects the
sixth supply member 116 and the fifth nozzle member 125 to
each other, and a sixth connection member B 1365 connects
the sixth supply member 116 and the sixth nozzle member
126 to each other.

[0072] The seventh connection member 137 connects the
seventh supply member 117 and the sixth nozzle member 126
to each other.

[0073] The second through sixth supply members 112
through 116 of the supply unit 110, that is, the supply mem-
bers other than the first and seventh supply members 111 and
117 at opposite sides, are respectively connected to two con-
nection members 132« and 1325, 1334 and 1335, 1344 and
134b,135a and 1355, and 136a and 13654 that are disposed at
opposite sides based on the supply members 112 through 116.
For example, the second supply member 112 is connected to
two connection menibers 132« and 1325 that are disposed at
opposite sides to be apart from each other.

[0074] As such, the supply members 112 through 116 are
each connected to two nozzle members. For example, the
second supply member 112 is connected to the first nozzle
member 121 and the second nozzle member 122. Because the
two nozzle members are connected to one common supply
member, deposition processes having a uniform gas supply
onto the substrate SUB may be performed by using (or uti-
lizing) a reduced number of supply members.

[0075] Also, each of the plurality of nozzle members 121
through 126 of the nozzle unit 120 may receive the gas from
two adjacent supply members. For example, the first nozzle
member 121 is connected to both the first supply member 111
and the second supply member 112 to receive the gas there-
from. Because one nozzle member may receive the gas from
the two supply members, the gas may stably be provided from
the one nozzle member to the substrate SUB. Also, if the two
supply members provide different gases from each other, it
may be easy for a plurality of gases to be provided (e.g.,
selectively provided) from the one nozzle member to the
substrate SUB.

[0076] The housings 101 and 102 include a first housing
101 and a second housing 102. The first housing 101 is
disposed on the outside of the second housing 102. Also, a
space (e.g., a predetermined space) may be formed in the
second housing 102 to define the nozzle unit 120 and the
connection unit 130 connected to the nozzle unit 120. That is,
the nozzle unit 120 and the connection unit 130 may be
protected by the second housing 102.

[0077] The supply unit 110 is formed between the first
housing 101 and the second housing 102. That is, a space
(e.g., apredetermined space) may be formed between the first
housing 101 and the second housing 102 to define the supply
unit 110. Here, the first housing 101 may include a space
having a curved surface at a surface thereof corresponding to
the second housing 102 such that an inner surface of the
supply unit 110 may have a curved surface.

[0078] FIGS. 3A through 3E are diagrams illustrating
example deposition processes performed using (or utilizing)
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the vapor deposition apparatus 100 illustrated in FIG. 1. How-
ever, vapor deposition apparatuses that will be described later
with reference to FIGS. 4, 5, and 6 may also be applied.
[0079] Referring to FIG. 3A, a purge gas P is provided from
the plurality of supply members 111 through 117 of the sup-
ply unit 110 to the substrate SUB via the plurality of nozzle
members 121 through 126 of the nozzle unit 120. The purge
gas P may include various materials, for example, an inert
gas, argon (Ar), or nitrogen (N) gas. Impurities on the sub-
strate SUB are removed by using the purging gas P, and
cleanness in the space in which the vapor deposition pro-
cesses will be performed is maintained by using the purge gas
P. Here, the purge gas P is exhausted to the outside of the
substrate SUB and the plurality of nozzle members 121
through 126 in a direction denoted by arrows. Thus, when the
process using the purge gas P is finished, the purge gas P is
easily removed such that it does not remain on the substrate
SUB.

[0080] After that, referring to FIG. 3B, a first raw material
gas S is supplied to the substrate SUB from the first supply
member 111, the third supply member 113, the fifth supply
member 115, and the seventh supply member 117 of the
supply unit 110 via the plurality of nozzle members 121
through 126 of the nozzle member 120. At the same time, the
purge gas P is provided from the second supply member 112,
the fourth supply member 114, and the sixth supply member
116 of the supply unit 110 to the substrate SUB via the nozzle
members 121 through 126 of the nozzle unit 120. That is, a
gas in which the first raw material gas S and the purge gas P
are mixed is provided to the substrate SUB via the plurality of
nozzle members 121 through 126.

[0081] The first raw material gas S may include various
suitable materials, for example, a gas including aluminum
(Al), for example, trimethy! aluminum (TMA). In this case,
when the first raw material gas S is injected toward the sub-
strate SUB, an adsorption layer including Al is formed on the
surface of the substrate SUB. For example, a chemical
adsorption layer and a physical adsorption layer are formed
on the surface of the substrate SUB.

[0082] Here, the purge gas P and the first raw material gas
S are exhausted to the outside of the substrate SUB and the
plurality of nozzle members 121 through 126 in the directions
denoted by arrows, and thus, the purge gas P and the first raw
material gas S are easily removed such that it does not remain
on the substrate SUB.

[0083] As described above, each of the plurality of supply
members 111 through 117 of the supply unit 110 includes an
end portion and an other end portion, the gas may be supplied
from the end portion, and the exhaust unit may be connected
to the other end portion. The used gas may be easily removed
by the exhaust unit. That is, as shown in FIGS. 3A and 3B, the
first, third, fifth, and seventh supply members 111, 113, 115,
and 117 each supplies (e.g., sequentially supplies) the purge
gas P and then the first raw material gas S to the plurality of
nozzle members 121 through 126. Here, the supplied gas may
be rapidly changed, and the remaining gas may be easily
removed by using the exhaust unit connected to the other end
portions of the first, third, fifth, and seventh supply members
111, 113, 115, and 117.

[0084] After that, referring to FIG. 3C, the purge gas P may
be supplied from the plurality of supply members 111
through 117 of the supply unit 110 toward the substrate SUB
via the nozzle members 121 through 126 of the nozzle unit
120. The physical adsorption layer, which has a weak bonding
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force between molecules and is formed by the first raw mate-
rial gas Son the surface of the substrate SUB, may be isolated
from the substrate SUB by the purge gas P, and the isolated
material or residue thereof may be exhausted in the direction
denoted by the arrows to the outside of the substrate SUB and
the plurality of nozzle members 121 through 126, thereby
improving purity of deposition layers.

[0085] Then, referring to FIG. 3D, a second raw material
gas R may be supplied from the second supply member 112,
the fourth supply member 114, and the sixth supply member
116 of the supply unit 110 toward the substrate SUB via the
plurality of nozzle members 121 through 126. Also, at the
same time, the purge gas P may be supplied from the first,
third, fifth, and seventh supply members 111, 113, 115, and
117 of the supply unit 110 to the substrate SUB via the nozzle
members 121 through 126 of the nozzle unit 120. That is, a
gas in which the second raw material gas R and the purge gas
P are mixed may be supplied to the substrate SUB via the
plurality of nozzle members 121 through 126.

[0086] The second raw material gas R may include various
gases, for example, the second raw material gas R may be a
gas including oxygen, for example, water vapor (e.g., H,0),
oxygen (e.g., O,), or nitrous oxide (e.g., N,O).

[0087] When the second raw material gas R is supplied to
the substrate SUB, the second raw material gas R reacts with
the chemical adsorption layer formed of the first raw material
gas S or substitutes for a gas which forms a part of the
chemical adsorption layer, and a desired deposition layer, for
example, aluminum oxide (e.g., ALO,), may be finally
formed. Here, second raw material gas R either remains on
the substrate SUB or is exhausted to the outside of the sub-
strate SUB and the plurality of nozzle members 121 through
126 after forming a physical adsorption layer. The remaining
second raw material gas R is exhausted to the outside of the
substrate SUB and the plurality of nozzle members 121
through 126 in the direction denoted by arrows.

[0088] As described above, each of the plurality of supply
members 111 through 117 in the supply unit 110 may include
an end portion and an other end portion, and the gas may be
supplied from the end portion and the exhaust unit may be
connected to the other end portion. The used gas may be
easily removed by the exhaust unit. For example, as shown in
FIGS. 3C and 3D, the second, fourth, and sixth supply mem-
bers 112, 114, and 116 each supplies (e.g.. sequentially sup-
plies) the purge gas P and then the second raw material gas R
to the plurality of nozzle members 121 to 126. Here, the
supplied gas may be rapidly changed, and the remaining gas
may be easily removed by using the exhaust unit connected to
the other end portions of the second, fourth, and sixth supply
members 112, 114, and 116.

[0089] Also, the purge gas P may be supplied through the
first, third, fifth, and seventh supply members 111, 113, 115,
and 117, through which the first raw material gas S has been
supplied (e.g., previously supplied), in order to prevent con-
tamination due to the second raw material gas R.

[0090] After that, referring to FIG. 3E, the purge gas P may
be supplied from the plurality of supply members 111
through 117 of the supply member 110 toward the substrate
SUB via the plurality of nozzle members 121 through 126 of
the nozzle unit 120. The physical adsorption layer remaining
on the surface of the substrate SUB is isolated from the
substrate SUB by using the purge gas P. The isolated material
or residue may be exhausted to the outside of both the sub-
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strate SUB and the plurality of nozzle members 121 through
126 in the direction denoted by the arrow, thereby improving
purity of the deposition layer.

[0091] Inthe present embodiment, the kinds of the first raw
material gas S and the second raw material gas R used and the
thin film (e.g., ALO, thin film) formed by using the gases are
provided as an example, and the present invention is not
thereby limited. For example, various other kinds of first and
second raw material gases S and R may be used, thereby
forming various thin films.

[0092] According to the present embodiment, the plurality
of nozzle members 121 through 126 are connected to the
plurality of supply members 111 through 117 so as to provide
one or more raw material gases and the purge gas to the
substrate SUB. Thus, in this example embodiment, there is no
need to move the substrate SUB during the deposition process
including a plurality of processes. In addition, the vapor depo-
sition apparatus 100 may be small in size.

[0093] For example, because the first raw material gas S,
the second raw material gas R, and the purge gas P are injected
(e.g., sequentially injected) from the nozzle members 121
through 126, the ALD process, one cycle of which includes a
plurality of processing stages, may be easily performed.
[0094] Here, the remaining gas and the residue may be
exhausted to the outside of the substrate SUB in or during
each of the processes, and thereby improving the purity of the
deposition layer.

[0095] Also, the plurality of supply members 111 through
117 are formed, and the plurality of supply members 111
through 117 supply (e.g., selectively supply) the first raw
material gas S, the second raw material gas R, and the purge
gas P to the substrate SUB. Because the first raw material gas
S and the second raw material gas R may be supplied respec-
tively through the first, third, fifth, and seventh supply mem-
bers 111,113, 115, and 117, and the second, fourth, and sixth
supply members 112, 114, and 116, the contamination of the
first, third, fifth, and seventh supply members 111, 113, 115,
and 117 and the second, fourth, and sixth supply members
112, 114, and 116 may be prevented. For example, while the
first raw material gas S is supplied through the first, third,
fifth, and seventh supply members 111,113, 115, and 117, the
purge gas P may be supplied through the second, fourth, and
sixth supply members 112, 114, and 116 so as to prevent the
second, fourth, and sixth supply members 112, 114, and 116
from being contaminated by the first raw material gas S. Also,
while the second raw material gas R is supplied through the
second, fourth, and sixth supply members 112, 114, and 116,
the purge gas P may be supplied through the first, third, fifth,
and seventh supply members 111, 113, 115, and 117 so as to
prevent the first, third, fifth, and seventh supply members 111,
113,115, and 117 from being contaminated by the second raw
material gas R.

[0096] FIG. 4 is a front view of a vapor deposition appara-
tus 200 according to an other embodiment of the present
invention. Referring to FIG. 4, the vapor deposition apparatus
200 includes a supply unit 210, a nozzle unit 220, housings
201 and 202, and a stage 291. Differences from the above
embodiment will be described for the convenience of descrip-
tion.

[0097] A substrate SUB may be disposed on the stage 291.
The supply unit 210 may include a plurality of supply mem-
bers 211 through 217. The plurality of supply members 211
through 217 may have elongated linear shapes. Also, each of
the plurality of supply members 211 through 217 may include
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an end portion and an other end portion. The end portion in
each of the supply members 211 through 217 may be con-
nected to a gas supply apparatus to receive one or more gases,
and an exhaust unit may be connected to the other end portion.
[0098] The nozzle unit 220 is disposed to face the substrate
SUB and is closer to the substrate SUB than the supply unit
210 is. The nozzle unit 220 may include a plurality of nozzle
members 221 through 226.

[0099] The connection unit 230 may be disposed between
the supply unit 210 and the nozzle unit 220 and may include
a plurality of connection members 231 through 237. The
plurality of supply members 211 through 217 and the plural-
ity of nozzle members 221 through 226 may be connected to
each other via the plurality of connection members 231
through 237.

[0100] The housings 201 and 202 include a first housing
201 and a second housing 202.

[0101] The firsthousing 201 is disposed on an outer portion
of the second housing 202. The first housing 201 includes a
cover portion 201« and a side portion 2015. The cover portion
201a 1s disposed on an upper portion of the second housing
202, (e.g., on a surface of the second housing 202 which is
opposite to the surface facing the substrate S) and the side
portion 2015 is disposed at a side surface of the second
housing 202.

[0102] A space (e.g., a predetermined space) may be
formed in the second housing 202 to define the nozzle unit
220 and the connection unit 230 connected to the nozzle unit
220.

[0103] Thesupply unit 210 may be formed between the first
housing 201 and the second housing 202. That is, a space
(e.g., a predetermined space) may be formed between the
cover portion 201q and the second housing 202 and between
the side portion 2015 and the second housing 202 to define the
supply unit 210. For example, recesses (e.g., predetermined
recesses) may be formed on the upper surface and the side
surface of the second housing 202, and then, the cover portion
201 and the side portion 2015 of the firsthousing 201 may be
formed to cover the second housing 202, thereby easily form-
ing the supply unit 210.

[0104] FIG.5isafront view schematically showing a vapor
deposition apparatus 300 according to an other embodiment
of the present invention. Referring to FIG. 5, the vapor depo-
sition apparatus 300 includes a supply unit 310, a nozzle unit
320, housings 301 and 302, and a stage 391. Differences from
the above embodiments will be described for the convenience
of description.

[0105] A substrate SUB may be disposed on the stage 391.
The supply unit 310 may include a plurality of supply mem-
bers 311 through 317. The plurality of supply members 311
through 317 may have elongated linear shapes. Also, each of
the plurality of supply members 311 through 317 may include
an end portion and an other end portion. The end portion in
each of the supply members 311 through 317 may be con-
nected to a gas supply apparatus to receive one or more gases,
and an exhaust unit may be connected to the other end portion.
[0106] The nozzle unit 320 is disposed to face the substrate
SUB and is closer to the substrate SUB than the supply unit
310 is. The nozzle unit 320 may include a plurality of nozzle
members 321 through 326.

[0107] The connection unit 330 is disposed between the
supply unit 310 and the nozzle unit 320 and may include a
plurality of connection members 331 through 337. The plu-
rality of supply members 311 through 317 and the plurality of
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nozzle members 321 through 326 may be connected to each
other via the plurality of connection members 331 through
337.

[0108] The housings 301 and 302 include a first housing
301 and a second housing 302.

[0109] The firsthousing 301 is disposed on an outer portion
of the second housing 302.

[0110] A space (e.g., a predetermined space) may be
formed in the second housing 302 to define the nozzle unit
320 and the connection unit 330 connected to the nozzle unit
320.

[0111] Spaces having curved surfaces may be formed in the
second housing 302 to form the nozzle unit 320 and the
supply unit 310. The plurality of nozzle members 321 through
326 of the nozzle unit 320 may have spaces that are convex
upward (e.g., convex as apart from or away from the substrate
SUB). The plurality of supply members 311 through 317 of
the supply unit 310 may have spaces that are convex down-
ward (e.g., convex toward the substrate SUB). According to
the above configuration, lengths of the plurality of connection
members 331 through 337 between the supply unit 310 and
the nozzle unit 320 may be reduced, thereby improving effi-
ciency in transferring gases from the supply unit 310 to the
nozzle unit 320.

[0112] FIG. 6isa front view schematically showing a vapor
deposition apparatus 400 according to an other embodiment
of the present invention. Referring to FIG. 6, the vapor depo-
sition apparatus 400 includes a supply unit 410, a nozzle unit
420, housings 401 and 402, and a stage 491. Differences from
the above embodiments will be described for the convenience
of description.

[0113] A substrate SUB may be disposed on the stage 491.
The supply unit 410 may include a plurality of supply mem-
bers 411 through 417. The plurality of supply members 411
through 417 may have elongated linear shapes. Also, each of
the plurality of supply members 411 through 417 may include
an end portion and an other end portion. The end portion in
each of the supply members 411 through 417 may be con-
nected to a gas supply apparatus to receive one or more gases,
and an exhaust unit may be connected to the other end portion.
[0114] The nozzle unit 420 is disposed to face the substrate
SUB and is closer to the substrate SUB than the supply unit
410 is. The nozzle unit 420 may include a plurality of nozzle
members 421 through 426.

[0115] The connection unit 430 is disposed between the
supply unit 410 and the nozzle unit 420 and may include a
plurality of connection members 431 through 437. The plu-
rality of supply members 411 through 417 and the plurality of
nozzle members 421 through 426 are connected to each other
via the plurality of connection members 431 through 437.
[0116] A plasma generation unit PGU may be disposed on
or in at least one supply member of the supply unit 410. The
plasma generation unit PGU includes a plasma electrode
member PE and a ceramic member CU. The plasma genera-
tion units PGU may be disposed on or in, for example, the
second, fourth, and sixth supply members 412, 414, and 416.
When the second raw material gas R is injected from the
second, fourth, and sixth supply members 412, 414, and 416,
the second raw material gas R may be converted into radicals
by the plasma generation unit PGU and provided onto the
substrate SUB, thereby improving deposition efficiency.
[0117] FIG. 7 is a cross-sectional view of an organic light
emitting display apparatus 10 manufactured by a method of
manufacturing an organic light emitting display apparatus
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according to an embodiment of the present invention, and
FIG. 8 is an expanded view showing the portion F of FIG. 7.
[0118] In particular, FIGS. 7 and 8 show an organic light
emitting display apparatus manufactured by using one of the
above vapor deposition apparatuses 100, 200, 300, and 400.
[0119] The organic light emitting display apparatus 10
includes a substrate 30. The substrate 30 may be formed of,
for example, a glass material, a plastic material, or a metallic
material.

[0120] A buffer layer 31 may be formed of an insulating
material on the substrate 30 to provide a flat surface on the
substrate 30 and prevent or reduce moisture and foreign sub-
stances from permeating into or through the substrate 30.
[0121] A thin film transistor (TFT) 40, a capacitor 50, and
an organic light-emitting device (OLED) 60 may be formed
on thebufferlayer31. The TFT 40 includes an active layer 41,
a gate electrode 42, a source electrode 43, and a drain elec-
trode 44. The OLED 60 includes a first electrode 61, a second
electrode 62, and an intermediate layer 63.

[0122] The capacitor 50 includes a first capacitor electrode
51 and a second capacitor electrode 52.

[0123] Forexample, the active layer 41 may be formed in a
pattern (e.g., a predetermined pattern) and disposed on an
upper surface of the buffer layer 31. The active layer 41 may
include an inorganic semiconductor material such as silicon,
an organic semiconductor material, or an oxide semiconduc-
tor material.

[0124] The first capacitor electrode 51 may be formed on
the same layer as the gate electrode 42 and may be formed of
the same material as that of which the gate electrode 42 is
formed.

[0125] A gate insulating layer 32 may be formed on the
active layer 41. The gate electrode 42 may be formed on the
gate insulating layer 32 to correspond to the active layer 41.
An interlayer insulating layer 33 may be formed to cover the
gate electrode 42, and the source and drain electrodes 43 and
44 may be formed on the interlayer insulating layer 33 to
contact an area (e.g., a predetermined area) of the active layer
41. The second capacitor electrode 52 may be formed on the
same layer as the source and drain electrodes 43 and 44, and
may be formed of the same material as that of which the
source and drain electrodes 43 and 44 are formed.

[0126] A passivation layer 34 may be formed to cover the
source and drain electrodes 43 and 44, and an additional
insulating layer may be formed on the passivation layer 34 to
planarize the TFT 40.

[0127] The first electrode 61 may be formed on the passi-
vation layer 34. The first electrode 61 may be formed to be
electrically connected to one of the source and drain elec-
trodes 43 and 44. A pixel defining layer 35 may be formed to
cover the first electrode 61. An opening 64 (e.g., a predeter-
mined opening) may be formed in the pixel defining layer 35,
and the intermediate layer 63, including an organic emission
layer, may be formed in an area defined by the opening 64.
The second electrode 62 may be formed on the intermediate
layer 63.

[0128] An encapsulation layer 70 may be formed on the
second electrode 62. The encapsulation layer 70 may include
an organic material or an inorganic material and may have a
structure in which an organic material and an inorganic mate-
rial are stacked (e.g., alternately stacked).

[0129] The encapsulation layer 70 may be formed by using
one of the vapor deposition apparatuses described above. In
other words, the substrate 30, on which the second electrode
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62 has been formed, passes through one of the vapor deposi-
tion apparatuses described above so that a desired layer or
layers may be formed thereon.
[0130] For example, the encapsulation layer 70 may
include one or more inorganic layers 71. When forming the
one or more inorganic layers 71, the vapor deposition appa-
ratus described above may be used.
[0131] Inoneexampleembodiment, as showninFIG. 8, the
encapsulation layer 70 includes the inorganic layer 71 and the
organic layer 72, and the inorganic layer 71 includes a plu-
rality of layers 71a, 715, and 71¢ and the organic layer 72
includes a plurality of layers 72a, 725, and 72¢. Here, the
plurality of layers 71a, 715, and 71¢ of the inorganic layer 71
may be formed by using the vapor deposition apparatus
described above.
[0132] However, the embodiments of the present invention
are not limited thereto. In other words, other insulating layers,
such as the buffer layer 31, the gate insulating layer 32, the
interlayer insulating layer 33, the passivation layer 34, the
pixel defining layer 35, etc. of the organic light emitting
display apparatus 10, may be formed by using the vapor
deposition apparatus of the embodiment of the present inven-
tion.
[0133] Other thin films, such as the active layer 41, the gate
electrode 42, the source and drain electrodes 43 and 44, the
first electrode 61, the intermediate layer 63, the second elec-
trode 62, etc., may also be formed by using the vapor depo-
sition apparatus of the embodiments of the present invention.
[0134] As described above, when the vapor deposition
apparatus according to the embodiments of the present inven-
tion is used to form a deposition layer of the organic light
emitting display apparatus 10, the characteristics of the
organic light emitting display 10 may be improved, and
accordingly, electric properties and image quality of the
organic light emitting display apparatus 10 may be improved.
[0135] As described above, according to the one or more of
the above embodiments of the present invention, the process-
ing efficiency ofa vapor deposition process and the properties
of a TFT may be easily improved.
[0136] It should be understood that the example embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.
[0137] While one or more embodiments of the present
invention have been described with reference to the figures, it
will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the present
invention as defined by the following claims and their equiva-
lents.
What is claimed is:
1. A vapor deposition apparatus for depositing thin films on
a substrate, the vapor deposition apparatus comprising:
a supply unit comprises a plurality of linear supply mem-
bers configured to supply at least one gas; and
a nozzle unit comprising a plurality of nozzle members
connected to the plurality of supply members and con-
figured to supply the at least one gas toward the sub-
strate,
wherein two adjacent nozzle members of the plurality of
nozzle members are connected to at least one common
supply member of the plurality of supply members.
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2. The vapor deposition apparatus of claim 1, wherein the
plurality of nozzle members of the nozzle unit are elongated
along a direction parallel to a direction along which the sup-
ply members extend.

3. The vapor deposition apparatus of claim 1, wherein the
plurality of supply members comprise first supply members,
selectively supplying a purge gas and a first raw material gas,
and second supply members, selectively supplying the purge
gas and a second raw material gas.

4. The vapor deposition apparatus of claim 3, wherein the
first supply members, selectively supplying the purge gas and
the first raw material gas, and the second supply members,
selectively supplying the purge gas and the second raw mate-
rial gas, are alternately located.

5. The vapor deposition apparatus of claim 3, wherein
when the first supply members, selectively supplying the
purge gas and the first raw material gas, supply the first raw
material gas, the second supply members, selectively supply-
ing the purge gas and the second raw material gas, supply the
purge gas.

6. The vapor deposition apparatus of claim 3, wherein
when the second supply members, selectively supplying the
purge gas and the second raw material gas, supply the second
raw material gas, the first supply members, selectively sup-
plying the purge gas and the first raw material gas, supply the
purge gas.

7. The vapor deposition apparatus of claim 1, wherein two
adjacent supply members of the plurality of supply members
are connected to at least one common nozzle member of the
plurality of nozzle members.

8. A vapor deposition method comprising:

preparing a substrate;

supplying a gas to a supply unit, wherein the gas is supplied

to one end portion of each of a plurality of linear supply
members of the supply unit;

transferring the gas supplied to the supply unit to a nozzle

unit comprising a plurality of nozzle members; and
providing the gas toward the substrate via the nozzle mem-
bers,

wherein two adjacent nozzle members of the plurality of

nozzle members are arranged so as to be connected to at
least one common supply member of the plurality of
supply members.

9. The vapor deposition method of claim 8, wherein the
plurality of nozzle members of the nozzle unit are elongated
along a direction parallel to a direction along which the sup-
ply members extend.

10. The vapor deposition method of claim 8, wherein the
plurality of supply members comprise first supply members,
selectively supplying a purge gas and a first raw material gas,
and second supply members, selectively supplying the purge
gas and a second raw material gas.

11. The vapor deposition method of claim 10, wherein the
first supply members, selectively supplying the purge gas and
the first raw material gas, and the second supply members,
selectively supplying the purge gas and the second raw mate-
rial gas, are alternately located.
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12. The vapor deposition method of claim 10, wherein
when the first supply members, selectively supplying the
purge gas and the first raw material gas, supply the first raw
material gas, the second supply members, selectively supply-
ing the purge gas and the second raw matetial gas, supply the
purge gas.

13. The vapor deposition method of claim 10, wherein
when the second supply members, selectively supplying the
purge gas and the second raw material gas, supply the second
raw material gas, the first supply members, selectively sup-
plying the purge gas and the first raw material gas, supply the
purge gas.

14. The vapor deposition method of claim 8, wherein two
adjacent supply members of the plurality of supply members
are connected to at least one common nozzle member of the
plurality of nozzle members.

15. The vapor deposition method of claim 8, wherein an
exhaust unit is connected to an other end portion facing the
one end portion of each of the plurality of linear supply
members.

16. The vapor deposition method of claim 8, wherein the
vapor deposition method comprises an atomic layer deposi-
tion (ALD) method.

17. A method of manufacturing an organic light emitting
display apparatus comprising one or more thin films on a
substrate, the method comprising processes of forming the
one or more thin films on the substrate and comprising:

preparing a substrate;

supplying a gas to a supply unit, wherein the gas is supplied

to one end portion of each of a plurality of linear supply
members of the supply unit;

transferring the gas supplied to the supply unit to a nozzle

unit comprising a plurality of nozzle members: and
providing the gas toward the substrate via the nozzle mem-
bers,

wherein two adjacent nozzle members of the plurality of

nozzle members are arranged so as to be connected to at
least one common supply member of the plurality of
supply members.

18. The method of claim 17, wherein the organic light
emitting display apparatus comprises an organic light emit-
ting device (OLED) comprising a first electrode, a second
electrode, and an intermediate layer between the first elec-
trode and the second electrode, the intermediate layer com-
prising at least an organic emission layer, and

wherein the forming the one or more thin films on the

substrate further comprises forming an encapsulation
layer on the OLED.

19. The method of claim 17, wherein the forming the one or
more thin films on the substrate further comprises forming
one or more insulating layers in the organic light emitting
display apparatus.

20. The method of claim 17, wherein the forming the one or
more thin films on the substrate further comprises forming
one or more conductive layers in the organic light emitting
display apparatus.



patsnap

TREBHR(OF) SHIREE , SENRAENHEENALE REZNTZE
[F(2E)F US20150072453A1 [ (r&)B 2015-03-12
BiES US14/177180 RiEH 2014-02-10

FRIFB(EMNPAGE) ZEERERLT
i (E R AGR) = EDISPLAY CO., LTD.
LETERIB(ERR)A(E) = EDISPLAY CO. , LTD.

[FRIRBAA JANG CHOEL MIN
KEY SUNG HUN
KIM IN KYO
JUNG SUK WON
HUH MYUNG SOO

REBAA JANG, CHOEL-MIN
KEY, SUNG-HUN
KIM, IN-KYO
JUNG, SUK-WON
HUH, MYUNG-SOO

IPCo kS HO1L51/00 HO1L51/56
CPC@ %S HO1L51/56 HO1L51/0002 C23C16/45551
{15 1020130108620 2013-09-10 KR
H {0 FF STRk US9481929
SNEBEEEE Espacenet  USPTO
WEED) , 110 /100
—F AT EER ERSIEN SRS | SERNS T, IR fit M e 1
B RAEWEBNENED —HSEN S RGBT BEE T S ( ( ( 1§of (
FES NG RIM | TR AN F 5 452 B TSR 2 AN SR A A 7, 1,3'1 13\2a\13l2h 13\Sa\13{3b 13\%\13{% 13\5a\13{5b 13\6&1\136[} 7
[

BRAFMRERBENAIRED - SE , APFTRS N BER R
MABEREEEDED - MR ENEH S MER AR — 1



https://share-analytics.zhihuiya.com/view/9deb3071-d2c4-4c47-adcd-b12902642bf5
https://worldwide.espacenet.com/patent/search/family/052625997/publication/US2015072453A1?q=US2015072453A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150072453%22.PGNR.&OS=DN/20150072453&RS=DN/20150072453

