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(57) ABSTRACT

A vapor deposition apparatus for depositing a thin layer on a
substrate, the vapor deposition apparatus includes a plurality
of modules arranged to respectively face different regions of
the substrate, each of the plurality of modules including a
body unit, and a nozzle unit disposed on one of surfaces of the
body unit facing the substrate, where the plurality of modules
is configured to individually perform deposition processes on
different regions of the substrate, respectively.

GE




Patent Application Publication Jul. 9,2015 Sheet10f6 US 2015/0194604 A1

FIG. 1

GE




US 2015/0194604 A1

2

Jul. 9,2015 Sheet 2 of 6
MD2

FIG.

Patent Application Publication

m
e
o) ~— | 1
\ A o ~z 7 <z || b
— ./ = _ yaN 28 AN -
I I
o e PN —— ] (e —— ———— — —
s ) Nw G NG
- — <o o2 o
- M ™ > = =
i | — _w\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\ \\\\\\J_
fas) L&
m(\W < 4 1] S S T e e o e I
= = _ | i i
7 L b8 N B el TSal TN
- — 5 (= N
(Y (] [aN]
. T > = =
SN < A < T T T T =TT — T —
1/ (5] I i —
- g <t — Pt A4 st Avd c hv4ll
S > — > ! - YRR EE-XE =
= ‘ [~ ) (N DS My N P s A
o / — 7 © O &)
&)
al %)
2 — @ —{Hx
T ~ = =~
o)
S —
— > — N T ]
N 9 | — N >
" — s —
-1 -
h P 2
/s © 8 — o — HX
— <1114 = = MW =
M ~ s — Ym
- S (= >
e < T
\m: —_ =
p o\
i = N = P o o
T~
=




Patent Application Publication Jul. 9,2015 Sheet3 of 6 US 2015/0194604 A1




Patent Application Publication Jul. 9,2015 Sheet4 of 6 US 2015/0194604 A1

_
//ﬁ 101

L



Patent Application Publication Jul. 9,2015 Sheet5of 6 US 2015/0194604 A1

—3—SUB

7//’401

— SUB
— 101




Patent Application Publication Jul. 9,2015 Sheet 6 of 6 US 2015/0194604 A1

FIG. 5

-~
s

71 72
e 71b 7Tla 726 72b 72a

[+ +1 +
4+ o+

AL W I N N
+ +++/++

++++++/L+
4-4-,4-4-4-4-4-4-

Q o+ o+ + A +7/
S T B T T
S S S

N\ \>L~62

L A5




US 2015/0194604 Al

VAPOR DEPOSITION APPARATUS, VAPOR
DEPOSITION METHOD AND METHOD FOR
MANUFACTURING ORGANIC
LIGHT-EMITTING DISPLAY APPARATUS

[0001] This application claims priority to Korean Patent
Application No. 10-2014-0002084, filed on Jan. 7, 2014, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] One or more exemplary embodiments of the inven-
tion relate to a vapor deposition apparatus, a vapor deposition
method and a method for manufacturing organic light-emit-
ting display apparatus.

[0004] 2. Description of the Related Art

[0005] Semiconductor devices, display apparatuses, and
other electronic devices each include a plurality of thin layers.
Such thin layers may be formed by using various methods
including vapor deposition, for example.

[0006] The vapor deposition uses one or more gases as a
raw material to form a thin layer. Such vapor deposition may
include chemical vapor deposition (“CVD”), atomic layer
deposition (“ALD”), and other various methods.

[0007] Among others, the ALD deposits, purges and pumps
a raw material, then forms a single molecular layer or more
layers ona substrate, then deposits, purges and pumps another
raw material, and ultimately forms a desired single atomic
layer or a desired number of atomic layers.

[0008] Since an organic light-emitting display (“OLED”)
apparatus among display apparatuses has advantages in that
its viewing angle is wide, its contrast is excellent and its
response speed is fast, it receives attention as a next-genera-
tion display apparatus.

[0009] The OLED apparatus includes an intermediate layer
including an organic emission layer between a first electrode
and a second electrode that face each other, and further
includes one or more thin layers. In this case, in order to form
thin layers for the OLED apparatus, a vapor deposition pro-
cess is also used.

[0010] Various attempts for enhancing the efficiency of the
vapor deposition process for the formation of various thin
layers and the characteristics of the thin layers are being
made.

SUMMARY

[0011] One or more exemplary embodiments of the inven-
tion include a vapor deposition apparatus, a vapor deposition
method and a method for manufacturing organic light-emit-
ting display (“OLED”) apparatus.

[0012] Additional exemplary embodiments will be set forth
in part in the description which follows and, in part, will be
apparent from the description, or may be learmed by practice
of the presented exemplary embodiments.

[0013] According to one or more exemplary embodiments
of the invention, a vapor deposition apparatus for depositing
a thin layer on a substrate includes a plurality of modules
arranged to respectively face different regions of the sub-
strate, where each of the plurality of modules includes a body
unit, and a nozzle unit disposed on one of the surfaces of the
body unit facing the substrate, where the plurality of modules
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are configured to individually perform deposition processes
on different regions of the substrate, respectively.

[0014] Inanexemplary embodiment, the nozzle units ofthe
plurality of modules may be configured to independently
supply a plurality of types of gases selectively to the substrate.
[0015] In an exemplary embodiment, the nozzle unit may
be in a linear type to have a length corresponding to a width of
the substrate taken along one direction.

[0016] In an exemplary embodiment, each of the plurality
of modules may further include a plasma generating unit that
is disposed on the one of the surfaces of the body unit facing
the substrate and spaced apart from the nozzle unit.

[0017] In an exemplary embodiment, the vapor deposition
apparatus may further include a plurality of matchers corre-
sponding respectively to the plasma generating units of the
plurality of modules, and a generator commonly connected to
the plurality of matchers.

[0018] In an exemplary embodiment, the vapor deposition
apparatus may further include a switch between the generator
and the plurality of matchers and configured to transmit
energy generated from the generator to a selected one of the
plurality of matchers.

[0019] In an exemplary embodiment, the plurality of mod-
ules may have a size equal to or greater than an entire region
of the substrate.

[0020] According to one or more exemplary embodiments
of the invention, a vapor deposition method for providing a
thin layer on a substrate includes providing a vapor deposition
apparatus that includes a plurality of modules arranged to
respectively face different regions of the substrate and each of
the plurality of modules including a body unit and a nozzle
unit disposed on one of surfaces of the body unit facing the
substrate, arranging the substrate to face the plurality of mod-
ules of the vapor deposition apparatus, and sequentially sup-
plying a plurality of raw material gases independently by the
plurality of modules to the different regions of the substrate
and providing a thin layer on the substrate.

[0021] In an exemplary embodiment, the vapor deposition
method may further include selectively supplying a first raw
material gas, a second raw material gas, and a purge gas to the
substrate independently by the nozzle units of the plurality of
modules.

[0022] In an exemplary embodiment, the vapor deposition
method may further include supplying the first raw material
gas or the second raw material gas by one of the nozzle units
of the plurality of modules while supplying the purge gas to
the substrate by another nozzle unit adjacent to the one of the
nozzle unit.

[0023] Inanexemplary embodiment, the nozzle units ofthe
plurality of modules may be arranged in one direction, and the
method may further include supplying the first raw material
gas or the second raw material gas to the substrate by the
plurality of modules in an arranged order.

[0024] In an exemplary embodiment, each of the plurality
of modules may further include a plasma generating unit that
is disposed on the one of the surfaces of the body unit facing
the substrate and spaced apart from the nozzle unit, and the
method may further include generating a plasma by the
plasma generating unit while supplying at least one raw mate-
rial gas in the providing the thin layer.

[0025] In an exemplary embodiment, the plasma generat-
ing units of the plurality of modules may independently gen-
erate plasmas.
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[0026] Inanexemplary embodiment, the providing the thin
layer on the substrate may be performed while the substrate is
fixed to the vapor deposition apparatus.

[0027] According to one or more exemplary embodiments
of the invention, a method of manufacturing an OLED appa-
ratus including one or more thin layers on a substrate includes
providing a vapor deposition apparatus that includes a plural-
ity of modules arranged to respectively face different regions
of the substrate and each of the plurality of modules including
a body unit and a nozzle unit disposed on one of surfaces of
the body unit facing the substrate, arranging the substrate to
face the plurality of modules of the vapor deposition appara-
tus, and sequentially supplying a plurality of raw material
gases independently by the plurality of modules to the differ-
ent regions of the substrate and providing a thin layer on the
substrate.

[0028] Inanexemplary embodiment, the providing the thin
layer on the substrate may include selectively supplying a first
raw material gas, a second raw material gas, and a purge gas
to the substrate independently by the nozzle units of the
plurality of modules.

[0029] In an exemplary embodiment, the method may fur-
ther include supplying the first raw material gas or the second
raw material gas by one of the nozzle units of the plurality of
modules while supplying the purge gas to the substrate by
another nozzle unit adjacent to the one of the nozzle unit.
[0030] In an exemplary embodiment, each of the plurality
of modules may further include a plasma generating unit that
is disposed on the one of the surfaces of the body unit facing
the substrate and spaced apart from the nozzle unit, and the
sequentially supplying the plurality of raw material gases
may further include generating a plasma by the plasma gen-
erating unit while supplying at least one raw material gas.
[0031] In anexemplary embodiment, the OLED apparatus
may include an organic light-emitting device that includes a
first electrode, a second electrode, and an intermediate layer
that is arranged between the first electrode and the second
electrode and includes an organic emission layer, and the
providing the thin layer on the substrate may include provid-
ing an ericapsulating layer that encapsulates the organic light-
emitting device.

[0032] Inanexemplary embodiment, the providing the thin
layer on the substrate may include providing one or more
insulating layers or conductive layers that are included in the
OLED apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] These and/or other exemplary embodiments will
become apparent and more readily appreciated from the fol-
lowing description of the exemplary embodiments, taken in
conjunction with the accompanying drawings, in which:
[0034] FIG. 1 is a schematic perspective view of an exem-
plary embodiment of a vapor deposition apparatus according
to the invention;

[0035] FIG.2isacross-sectional view taken along line II-11
of FIG. 1;
[0036] FIG. 3isa schematic diagram of a valve that may be

selectively included in the vapor deposition device of FIG. 1;
[0037] FIGS. 4A to 4F are sequential views of an exem-
plary embodiment of a vapor deposition method according to
the invention,

[0038] FIG. 51is a cross-sectional view of an organic light-
emitting display (“OLED”) apparatus provided by using the
method shown in FIGS. 4A to 4F; and
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[0039] FIG. 6isanenlarged view of a circled part F of FIG.
5.

DETAILED DESCRIPTION
[0040] Since the invention may make various modifications

and have several exemplary embodiments, particular exem-
plary embodiments will be illustrated in the drawings and
described in the detailed description in detail. The effects and
features of the invention, and implementation methods
thereof will be clarified through following exemplary
embodiments described with reference to the accompanying
drawings. The invention may, however, be embodied in dif-
ferent forms and should not be construed as limited to the
exemplary embodiments set forth herein.

[0041] Exemplary embodiments of the invention are
described below in detail with reference to the accompanying
drawings and when referring to the drawings, the same or
similar components are denoted by the same reference
numerals and are not repetitively described.

[0042] Inthe following exemplary embodiments, the terms
a first, a second, etc. are not used as limited meanings but used
for the purpose of distinguishing one component from
another component.

[0043] Inthe following exemplary embodiments, the terms
of asingular form may include plural forms unless referred to
the contrary.

[0044] The meaning of “include”, “has™, “including”, or
“having” specifies a characteristic or component described
herein but does not exclude one or more characteristics or
components.

[0045] When a part of a layer, an area, or a component is
referred to as being “on” another part, it can be directly on the
other part or intervening layers, areas, or components may
also be present.

[0046] Itwill beunderstood that, although the terms “first,”
“second,” “third” etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, “a first element,” “component,” “region,” “layer” or
“section” discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings herein.

[0047] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting. As used herein, the singular forms “a,” “an,” and
“the” are intended to include the plural forms, including “at
least one,” unless the content clearly indicates otherwise.
“Or” means “and/or”” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/or
“including” when used in this specification, specify the pres-
ence of stated features, regions, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, regions, inte-
gers, steps, operations, elements, components, and/or groups
thereof.

[0048] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another element as
illustrated in the Figures. It will be understood that relative
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terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, ifthe device in one of'the figures is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on “upper” sides of the other
elements. The exemplary term “lower,” can therefore, encom-
passes both an orientation of “lower” and “upper,” depending
on the particular orientation of the figure. Similarly, if the
device in one of the figures is turned over, elements described
as “below” or “beneath” other elements would then be ori-
ented “above” the other elements. The exemplary terms
“below” or “beneath” can, therefore, encompass both an ori-
entation of above and below.

[0049] In the drawings, the sizes of components may be
exaggerated or reduced for the convenience of description. In
an exemplary embodiment, since the size and thickness of
each component represented in the drawings is represented
for the convenience of description, the invention is not nec-
essarily limited to those shown.

[0050] In the following exemplary embodiments, x-axis,
y-axis and z-axis may not be limited to three axes on a rect-
angular coordinate system but may be construed as a wide
meaning including them. In an exemplary embodiment,
x-axis, y-axis and z-axis may refer to directions orthogonal to
oneanother but may also refer to other directions not orthogo-
nal to one another.

[0051] “About” or “approximately” as used herein is inclu-
sive of the stated value and means within an acceptable range
of deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement in
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within 30%, 20%, 10%, 5% of the
stated value.

[0052] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this disclosure belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0053] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not be
construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated in
the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are not
intended to limit the scope of the present claims.

[0054] When some exemplary embodiments may be imple-
mented by using other methods, the order of specific pro-
cesses may be different from that described. In an exemplary
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embodiment, two processes that are successively described
may be performed substantially simultaneously orin an order
opposite to that described.

[0055] Expressions such as “at least one of,” when preced-
ing a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0056] FIG. 1 is a schematic perspective view of a vapor
deposition apparatus according to an exemplary embodiment
of the invention, and FIG. 2 is a cross-sectional view taken
along line [1-1T of F1IG. 1.

[0057] Referring to FIGS. 1 and 2, a vapor deposition appa-
ratus 100 according to the exemplary embodiment includes a
plurality of modules MD1 to MD3 including a first module
MD1, a second module MD2 and a third module MD3.
[0058] Moreover, the first module MD1, the second module
MD2, and the third module MD3 respectively includes a first
nozzle unit 111, a second nozzle unit 112, and a third nozzle
113 supplying one or more gases to a substrate SUB, and
respectively includes a first plasma generating unit 121, a
second plasma generating unit 122, and a third plasma gen-
erating unit 123.

[0059] The vapor deposition apparatus 100 performs a
vapor deposition process on the substrate SUB to dispose one
or more thin layers on the substrate SUB.

[0060] The plurality of modules MD1 to MD3 is arranged
to face different regions of the substrate SUB so that the
modules MD1 to MD3 perform a vapor process on the sub-
strate SUB.

[0061] Each member is described in detail below.

[0062] The substrate SUB may be arranged on a stage 101
for stable arrangement when performing the vapor process.
That is, the stage 101 stably fixes the substrate SUB while the
vapor deposition process is performed. In an exemplary
embodiment, the stage 101 may also include a clamp (not
shown) and thus efficiently fix the substrate SUB to the stage
101 through the clamp. Moreover, as shown in FIG. 2, a
groove may be defined in the stage 101 and the substrate SUB
may be arranged in such a groove. Thus, the substrate SUB is
stably arranged on the stage 101 to prevent the substrate SUB
from becoming dislocated or shaking while the vapor depo-
sition process is performed. However, the invention is not
limited thereto, and the groove may not be defined in the stage
101.

[0063] Moreover, in an alternative exemplary embodiment,
an adsorbing unit (not shown) may be disposed on the stage
101 to effectively arrange the substrate SUB on the stage 101.
[0064] Thefirst module MD1, the second module MD2 and
the third module MD3 are arranged to face the substrate SUB.
That is, the first module MD1 is arranged to face the left
region of the substrate SUB, the second module MD2 is
arranged to face the intermediate region of the substrate SUB,
and the third module MD?3 is arranged to face the right region
of the substrate SUB.

[0065] In this case, by enabling the first module MD1, the
second module MD2, and the third module MD?3 to face the
entire substrate SUB, each of all regions of the top of the
substrate SUB may face any one of the first module MD1, the
second module MD2 and the third module MD3. Thus, by
performing the vapor process on all the regions of the sub-
strate SUB, it is possible to provide a deposition layer having
a uniform characteristic.

[0066] Thefirst module MD1, the second module MD2 and
the third module MD3 will be described below in detail.
Firstly, the first module MD1 is described.
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[0067] The first module MD1 includes a first body unit
HU1, a first nozzle unit 111, and a first plasma generating unit
121.

[0068] The first body unit HU1 functions as a housing that
maintains the general shape of the first module MD1 and
protects the module MDI1.

[0069] The first nozzle unit 111 is disposed on one of the
surfaces of the first body unit HU1 that faces the stage 101 on
which the substrate SUB is arranged. In an exemplary
embodiment, the first nozzle unit 111 selectively supplies two
or more kinds of gases to the substrate SUB. In an exemplary
embodiment, the first nozzle unit 111 selectively supplies one
or more raw materials and a purge gas to the substrate SUB.
That 1s, it is possible to supply a first raw material gas, a
second raw material gas, and a purge gas to the substrate SUB,
for which the first nozzle unit 111 is connected to a plurality
of gas supply sources and controls the flow of a gas through
one or more valves. Related descriptions are provided below
with reference to FIG. 3.

[0070] In an exemplary embodiment, the first nozzle unit
111 may have various shapes such as a line shape, for
example. That is, the first nozzle unit 111 may have a shape
extended to have a length corresponding to a width of at least
one direction of the substrate SUB. In the illustrated exem-
plary embodiment, the length of the first nozzle unit 111 and
the width of the substrate SUB are taken along Y-axis, for
example.

[0071] The first nozzle unit 121 is disposed on one of the
surfaces of the first body unit HU1 that faces the stage 101 on
which the substrate SUB is arranged. The first plasma gener-
ating unit 121 is arranged to be spaced apart from the first
nozzle unit 111. Moreover, the first plasma generating unit
121 is arranged to selectively generate a plasma when per-
forming the vapor process. To this end, in an exemplary
embodiment, the first plasma generating unit 121 may have
an electrode shape. In an exemplary embodiment, the first
plasma generating unit 121 may be a plate-shaped electrode,
for example.

[0072] The generation of a plasma from the first plasma
generating unit 121 may be implemented through various
methods. As an exemplary embodiment, as shown in FIGS. 1
and 2, the plasma may be generated by using a generator GE,
afirst matcher MT1 and a first conductorunit 131. That is, the
generator GE is connected to the first matcher MT1, which is
electrically connected to the first plasma generating unit 121
through the first conductor unit 131. Moreover, in an alterna-
tive exemplary embodiment, a switch SW may be arranged
between the first matcher MT1 and the generator GE. The
generator GE may be in various types such as a radio fre-
quency (“RF”) generator.

[0073] A firstinsulating unit 141a and a first insulating unit
1415 are further provided between the first conductorunit 131
and the first body unit HU1 and between the first plasma
generating unit 121 and the first body unit HU1 for electrical
insulation. That is, the first insulating unit 141a is provided
around sides of the first conductor unit 131. Moreover, the
first insulating unit 1415 is provided around sides and a top of
the first conductor unit 121.

[0074] The second module MD2 includes a second body
unit HU2, a second nozzle unit 112, and a second plasma
generating unit 122.

[0075] The second body unit HU2 functions as a housing
that maintains the general shape of the second module MD2
and protects the module MD2.
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[0076] The second nozzle unit 112 is disposed on one ofthe
surfaces of the second body unit HU2 that faces the stage 101
on which the substrate SUB is arranged. In an exemplary
embodiment, the second nozzle unit 112 selectively supplies
two or more kinds of gases to the substrate SUB. In an
exemplary embodiment, the second nozzle unit 112 selec-
tively supplies one or more raw materials and a purge gas to
the substrate SUB. That is, it is possible to supply a first raw
material gas, a second raw material gas, and a purge gas to the
substrate SUB, for which the second nozzle unit 112 is con-
nected to a plurality of gas supply sources and controls the
flow of a gas through one or more valves. Related descriptions
are provided below with reference to FIG. 3.

[0077] In an exemplary embodiment, the second nozzle
unit 112 may have various shapes such as a line shape. That is,
the second nozzle unit 112 may have a shape extended to have
alength corresponding to the width ofat least one direction of
the substrate SUB. In the illustrated exemplary embodiment,
the length of the second nozzle unit 112 and the width of the
substrate SUB are taken along Y-axis, for example.

[0078] The second nozzleunit 112 is arranged to be spaced
apart from the first plasma generating unit 121. In the illus-
trated exemplary embodiment, the second nozzle unit 112 is
arranged between the first plasma generating unit 121 and the
second plasma generating unit 122 in X-axis, for example.
[0079] The second plasma generating unit 122 is disposed
on one of the surfaces of the second body unit HU2 that faces
the stage 101 on which the substrate SUB is arranged. The
second plasma generating unit 122 is arranged to be spaced
apart from the second nozzle unit 112. Moreover, the second
plasma generating unit 122 is arranged to selectively generate
the plasma when performing the vapor process. To this end, in
an exemplary embodiment, the second plasma generating
unit 122 may have an electrode shape. In an exemplary
embodiment, the second plasma generating unit 122 may be
a plate-shaped electrode, for example.

[0080] The generation of the plasma from the second
plasma generating unit 122 may be implemented through
various methods. As an exemplary embodiment, as shown in
FIGS. 1 and 2, the plasma may be generated by using the
generator GE, a second matcher MT2 and a second conductor
unit 132. That is, the generator GE is connected to the second
matcher MT2, which is electrically connected to the second
plasma generating unit 122 through the second conductor unit
132. Moreover, in an alternative exemplary embodiment, the
switch SW may be arranged between the second matcher
MT2 and the generator GE in Z-axis, for example.

[0081] A second insulating unit 142a and a second insulat-
ing unit 1424 are further provided between the second con-
ductor unit 132 and the second body unit HU2 and between
the second plasma generating unit 122 and the second body
unit HU2 for electrical insulation. That is, the second insu-
lating unit 142a is provided around sides of the second con-
ductor unit 132. Moreover, the second insulating unit 1425 is
provided around sides and a top of the second conductor unit
122.

[0082] The third module MD3 includes a third body unit
HUS3, a third nozzle unit 113, and a third plasma generating
unit 123.

[0083] The third body unit HU3 functions as a housing that
maintains the general shape of the third module MD3 and
protects the module MD3.

[0084] The third nozzle unit 113 is disposed on one of the
surfaces ofthe third body unit HU3 that faces the stage 101 on
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which the substrate SUB is arranged. In an exemplary
embodiment, the third nozzle unit 113 selectively supplies
two or more kinds of gases to the substrate SUB. In an
exemplary embodiment, the third nozzle unit 113 selectively
supplies one or more raw materials and a purge gas to the
substrate SUB. That is, it is possible to supply a first raw
material gas, a second raw material gas, and a purge gas to the
substrate SUB, for which the third nozzle unit 113 is con-
nected to a plurality of gas supply sources and controls the
flow of a gas through one or more valves. Related descriptions
are provided below with reference to FIG. 3.

[0085] In an exemplary embodiment, the third nozzle unit
113 may have various shapes such as a line shape. That s, the
third nozzle unit 113 may have a shape extended to have a
length corresponding to the width of at least one direction of
the substrate SUB.

[0086] The third nozzle unit 113 is arranged to be spaced
apart from the second plasma generating unit 122. In the
illustrated exemplary embodiment, the third nozzle unit 113
is arranged between the second plasma generating unit 122
and the third plasma generating unit 123 in X axis, for
example.

[0087] The third plasma generating unit 123 is disposed on
one of the surfaces of the third body unit HU3 that faces the
stage 101 on which the substrate SUB is arranged. The third
plasma generating unit 123 is arranged to be spaced apart
from the third nozzle unit 113. Moreover, the third plasma
generating unit 123 is arranged to selectively generate a
plasma when performing the vapor process. To this end, in an
exemplary embodiment, the third plasma generating unit 123
may have an electrode shape. In an exemplary embodiment,
the third plasma generating unit 123 may be a plate-shaped
electrode, for example.

[0088] The generation of the plasma from the third plasma
generating unit 123 may be implemented through various
methods. As an exemplary embodiment, as shown in FIGS. 1
and 2, the plasma may be generated by using the generator
GE, athird matcher MT3 and a third conductor unit 133. That
1s, the generator GE is connected to the third matcher MT3,
which s electrically connected to the third plasma generating
unit 123 through the third conductor unit 133. Moreover, in an
alternative exemplary embodiment, the switch SW may be
arranged between the third matcher MT3 and the generator
GE in Z-axis, for example.

[0089] A third insulating unit 1434 and a third insulating
unit 1436 are further provided between the third conductor
unit 133 and the third body unit HU3 and between the third
plasma generating unit 123 and the third body unit HU3 for
electrical insulation. That is, the third insulating unit 143a is
provided around sides of the third conductor unit 133. More-
over, the third insulating unit 1435 is provided around sides
and a top of the third plasma generating unit 123.

[0090] In an exemplary embodiment, the first body unit
HU1, the second body unit HU2, and the third body unit HU3
of the first module MD1, the second module MD2, and the
third module MD3, respectively, may be individually pro-
vided. However, in an alternative exemplary embodiment, as
shown in FIGS. 1 and 2, since the first body unit HU1, the
second body unit HU2, and the third body unit HU3 are
integrally provided, it is possible to increase the general dura-
bility of the vapor deposition apparatus 100, and convenience
in manufacturing and handling.

[0091] Moreover, since the illustrated exemplary embodi-
ment includes three matchers MT1 to MT3 corresponding
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respectively to modules of one generator GE, the size of the
vapor deposition apparatus 100 and power consumption
decrease.

[0092] FIG. 3is a schematic diagram of a valve that may be
selectively included in the vapor deposition device of FIG. 1.
[0093] Referring to FIG. 3, a vapor deposition apparatus
100 according to the exemplary embodiment includes a plu-
rality of gas supply sources P1, P2, S, and R.

[0094] In an exemplary embodiment, a first purge gas sup-
ply source P1, a second purge gas supply source P2, afirst raw
material gas supply source S and a second raw material gas
supply source R are included. The second purge gas supply
source P2 may be omitted due to a selective structure.
[0095] The first purge gas supply source P1 may be con-
nected to all of the first nozzle unit 111, the second nozzle unit
112, and the third nozzle unit 113. The second purge gas
supply source P2 may be connected to all of the first nozzle
unit 111, the second nozzle unit 112, and the third nozzle unit
113. The first raw material gas supply source S may be con-
nected to all of the first nozzle unit 111, the second nozzle unit
112, and the third nozzle unit 113. The second raw material
gas supply source R may be connected to all of the first nozzle
unit 111, the second nozzle unit 112, and the third nozzle unit
113.

[0096] The vapor deposition apparatus 100 includes valves
that may control all supply from the first purge gas supply
source P1, the second purge gas supply source P2, the first raw
material gas supply source S and the second raw material gas
supply source R to the first nozzle unit 111, the second nozzle
unit 112 and the third nozzle unit 113.

[0097] In an exemplary embodiment, a first purge valve
VP1 is arranged to control entire gas supply from the first
purge gas supply source P1 to the first nozzle unit 111, the
second nozzle unit 112, and the third nozzle unit 113.
[0098] A second purge valve VP2 is arranged to control all
supply from the second purge gas supply source P2 to the first
nozzle unit 111, the second nozzle unit 112, and the third
nozzle unit 113.

[0099] A first raw material valve VS is arranged to control
all supply from the first raw material gas supply source S to
the first nozzle unit 111, the second nozzle unit 112, and the
third nozzle unit 113.

[0100] A second raw material valve VR is arranged to con-
trolall supply from the second raw material gas supply source
R to the first nozzle unit 111, the second nozzle unit 112, and
the third nozzle unit 113.

[0101] The vapor deposition apparatus 100 includes a first
valve unit V1 that may individually control gas supply from
the first purge gas supply source P1, the second purge gas
supply source P2, the first raw material gas supply source S
and the second raw material gas supply source R to the first
nozzle unit 111. The first valve unit V1 includes a first valve
Vla, a first valve V15, and a first valve Vlc.

[0102] The first valve Vla controls supply from the second
purge gas supply source P2 to the first nozzle unit 111. The
first valve V15 controls supply from the second raw material
gas supply source R to the first nozzle unit 111. The first valve
Ve controls supply from the first raw material gas supply
source S to the first nozzle unit 111.

[0103] The vapor deposition apparatus 100 includes a sec-
ond valve unit V2 that may individually control supply from
the first purge gas supply source P1, the second purge gas
supply source P2, the first raw material gas supply source S
and the second raw material gas supply source R to the second
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nozzle unit 112. The second valve unit V2 includes a second
valve V2a, a second valve V2b, and a second valve V2c.

[0104] The second valve V2a controls supply from the sec-
ond purge gas supply source P2 to the second nozzle unit 112.
The second valve V2b controls supply from the second raw
material gas supply source R to the second nozzle unit 112.
The second valve V2¢ controls supply from the first raw
material gas supply source S to the second nozzle unit 112.

[0105] The vapor deposition apparatus 100 includes a third
valve unit V3 that may individually control supply from the
first purge gas supply source P1, the second purge gas supply
source P2, the first raw material gas supply source S and the
second raw material gas supply source R to the third nozzle
unit 113. The third valve unit V3 includes a third valve V3a,
a third valve V35, and a third valve V3c.

[0106] Thethird valve V3a controls supply from the second
purge gas supply source P2 to the third nozzle unit 113. The
third valve V34 controls supply from the second raw material
gas supply source R to the third nozzle unit 113. The third
valve V3¢ controls supply from the first raw material gas
supply source S to the third nozzle unit 113.

[0107] FIGS. 4A to 4F are sequential views of a vapor
deposition method according to an exemplary embodiment of
the invention. In an exemplary embodiment, FIGS. 4A to 4F
sequentially show performing the vapor deposition process
by using the vapor deposition apparatus 100 of FIGS. 1 to 3.
The reference numerals of members of the first module MD1,
the second module MD2 and the third module MD3 may be
omitted in FIGS. 4A to 4F for the simplification of the draw-
ings. The reference numerals of the members are the same as
those of FIG. 2.

[0108] Referring first to FIGS. 3 and 4A, a first raw material
S is supplied from the first module MD1 to the substrate, and
apurge gas P is supplied from the second module MD2 and
the third module MD3 to the substrate SUB. In an exemplary
embodiment, the first raw material gas S is supplied from the
first nozzle unit 111 of the first module MD1 to the substrate
SUB. The purge gas P is supplied from the second nozzle unit
112 of the second module MD?2 and the third nozzle unit 113
of the third module MD3 to the substrate SUB.

[0109] In this case, the first raw material valve VS and the
first valve V1c among valves shown in FIG. 3 are open to

supply the first raw material gas S from the first nozzle unit
111 to the substrate SUB.

[0110] Thepurge gas P may include various materials. Inan
exemplary embodiment, the purge gas P may include an inert
gas, such as argon or nitrogen. By using the purge gas P,
impurities are removed from the top of the substrate SUB and
the cleanliness of a space in which the vapor deposition
process is performed is maintained. In an alternative exem-
plary embodiment, before supplying the first raw material gas
S from the first nozzle unit 111 of the first module MD1 to the
substrate SUB, the purge gas P is first supplied and then the
process of supplying the first raw material gas S may be
performed.

[0111] The first raw material gas S may include various
materials. In an exemplary embodiment, the first raw material
gas S may include an aluminum (Al) including gas such as a
trimethyl aluminum (“TMA”) gas. In this case, when the first
raw material gas S is supplied to the substrate SUB, an
adsorbing layer including aluminum (Al) is disposed on a
surface of the substrate SUB including a region facing the first
module MD1. In an exemplary embodiment, a chemical
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adsorbing layer and a physical adsorbing layer are disposed
on a surface of the substrate SUB corresponding to the first
module MD1.

[0112] Then, referring to FIGS. 3 and 4B, the first raw
material S is supplied from the second module MD2 adjacent
to the first module MD1 to the substrate SUB, and the purge
gas P is supplied from the first module MD1 and the third
module MD3 to the substrate SUB. In an exemplary embodi-
ment, the first raw material gas S is supplied from the second
nozzle unit 112 of the second module MD2 to the substrate
SUB. The purge gas P is supplied from the first nozzle unit
111 of the first module MD1 and the third nozzle unit 113 of
the third module MD3 to the substrate SUB.

[0113] In this case, the first raw material valve VS and the
second valve V2¢ among valves shown in FIG. 3 are open to
supply the first raw material gas S from the second nozzle unit
112 to the substrate SUB.

[0114] When the first raw material gas S is supplied to the
substrate SUB, an adsorbing layer including aluminum (Al) is
disposed on a surface of the substrate SUB including a region
facing the second module MD2. In an exemplary embodi-
ment, a chemical adsorbing layer and a physical adsorbing
layer are disposed on a surface of the substrate SUB corre-
sponding to the second module MD2.

[0115] In this case, since the purge gas P is supplied from
the first nozzle unit 111 of the first module MD1 to the
substrate SUB, the physical adsorbing layer having weak
intermolecular bond among the adsorbing layers disposed on
a region of the surface of the substrate SUB facing the first
module MD1 by using the first raw material gas S is separated
and exhausted from the substrate SUB by the purge gas P.

[0116] Then, referring to FIGS. 3 and 4C, the first raw
material S is supplied from the third module MD3 adjacent to
the second module MD2 to the substrate, and the purge gas P
is supplied from the second module MD2 to the substrate
SUB. In an exemplary embodiment, the first raw material gas
S is supplied from the third nozzle unit 113 of the third
module MD3 to the substrate SUB. The purge gas P is sup-
plied from the second nozzle unit 112 of the second module
MD2 to the substrate SUB. In this case, the first raw material
valve VS and the third valve V3¢ among valves shown in FIG.
3 are open to supply the first raw material gas S from the third
nozzle unit 113 to the substrate SUB.

[0117] When the first raw material gas S is supplied to the
substrate SUB, an adsorbing layer including aluminum (Al) is
disposed on a surface of the substrate SUB including a region
facing the third module MD3. In an exemplary embodiment,
achemical adsorbing layer and a physical adsorbing layer are
disposed on a surface of the substrate SUB facing the third
module MD3.

[0118] In this case, since the purge gas P is supplied from
the second nozzle unit 112 of the second module MD2 to the
substrate SUB, the physical adsorbing layer having weak
intermolecular bond among the adsorbing layers disposed on
a region of the surface of the substrate SUB facing the first
module MD2 by using the first raw material gas S is separated
and exhausted from the substrate SUB by the purge gas P.

[0119] The second raw material gas R is supplied from the
first module MD1 to the substrate SUB. In an exemplary
embodiment, the second raw material gas R is supplied from
the first nozzle unit 111 of the first module MD1 to the
substrate SUB. In this case, the second raw material valve VR
and the first valve V15 among valves shown in FIG. 3 are open
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to supply the second raw material gas R from the first nozzle
unit 111 to the substrate SUB.

[0120] The second raw material gas R may include various
materials. In an exemplary embodiment, the second raw
material gas R may be an oxygen (O) containing gas such as
H20, 02 or N20.

[0121] When the second raw material gas R is supplied to
the substrate SUB, the gas reacts with the chemical adsorbing
layer including the first raw material gas S already adsorbed
on one of the regions of the substrate SUB facing the first
module MD1 or substitutes a portion of the chemical adsorb-
ing layer, and a desired deposition layer such as a AlxOy layer
is ultimately provided. In this case, an extra second raw mate-
rial gas R provides a physical adsorbing layer and then
remains or is exhausted. In this case, the remaining second
raw material gas R is exhausted.

[0122] In an alternative exemplary embodiment, when the
second raw material gas R is supplied to the substrate SUB,
the plasma is generated through the first plasma generating
unit 121 of the first module MD1. In an exemplary embodi-
ment, energy is selectively supplied from the generator GE
(refers to FIG. 1) only to the first matcher MT1 through the
switch SW, proper power is transmitted from the first matcher
MT1 to the first plasma generating unit 121 through the first
conductor unit 131, and the plasma is generated from the first
plasma generating unit 121. The generated plasma may con-
vert the second raw material gas R into a radical type, which
may effectively react with a layer including the first raw
material gas S.

[0123] Then, referring to FIGS. 3 and 4D, the second raw
material R is supplied from the second module MD2 adjacent
to the first module MD1 to the substrate, and the purge gas P
is supplied from the first module MD1 and the third module
MD3 to the substrate SUB. In an exemplary embodiment, the
purge gas P is supplied from the first nozzle unit 111 of the
first module MD1 and the third nozzle unit 113 of the third
module MD3 to the substrate SUB.

[0124] In this case, the second raw material valve VR and
the second valve V2b among valves shown in FIG. 3 are open
to supply the second raw material gas R from the second
nozzle unit 112 to the substrate SUB.

[0125] In this case, since the purge gas P is supplied from
the third nozzle unit 113 of the third module MD3 to the
substrate SUB, the physical adsorbing layer having weak
intermolecular bond among the adsorbing layers disposed on
a region of the surface of the substrate SUB facing the third
module MD3 by using the first raw material gas S is separated
and exhausted from the substrate SUB by the purge gas P.

[0126] The purge gas P is supplied from the first module
MD1 to the substrate, removes extra layers and impurities
remaining on the surface of the AlxOy layer disposed on the
top of the substrate SUB, and provides a deposition layer
including AlxOy on a region of the surface of the substrate
SUB facing the first module MD1, so the deposition layer
formation of one cycle on a region of the surface of the
substrate SUB facing the first module MD1 is completed.

[0127] When the second raw material gas R is supplied to
the substrate SUB, the gas reacts with the chemical adsorbing
layer including the first raw material gas S already adsorbed
on one of the regions of the substrate SUB facing the second
module MD2 or substitutes a portion of the chemical adsorb-
ing layer, and a desired deposition layer such as a AlxOy layer
is ultimately provided. In this case, an extra second raw mate-
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rial gas R provides a physical adsorbing layer, and remains or
is exhausted. In this case, the remaining second raw material
gas R is exhausted.

[0128] In an alternative exemplary embodiment, when the
second raw material gas R is supplied to the substrate SUB, a
plasma is generated through the second plasma generating
unit 122 of the second module MD2. In an exemplary
embodiment, energy is selectively supplied from the genera-
tor GE (refers to FIG. 1) only to the second matcher MT2
through the switch SW, proper power is transmitted from the
second matcher MT2 to the second plasma generating unit
122 through the second conductor unit 132, and the plasma is
generated from the second plasma generating unit 122. The
generated plasma may convert the second raw material gas R
into a radical type, which may effectively react with a layer
including the first raw material gas S.

[0129] Then, referring to FIG. 4E, the second raw material
R is supplied from the third module MD3 adjacent to the
second module MD2 to the substrate SUB, the purge gas P is
supplied from the second module MD2 to the substrate SUB,
and the first raw material gas S is supplied from the first
module MD1 to the substrate SUB.

[0130] The purge gas P is supplied from the second nozzle
unit 112 of the second module MD2 to the substrate SUB.

[0131] The second raw material valve VR and the third
valve V3b among valves shown in FIG. 3 are open to supply
the second raw material gas R from the third nozzle unit 113
to the substrate SUB.

[0132] In this case, the purge gas P is supplied from the
second nozzle unit 112 of the second module MD2 to the
substrate, removes extra layers and impurities remaining on
the surface of the AlxOy layer disposed on a region of the
surface of the substrate SUB facing the second module MD2,
and provides a deposition layer including AlxQOy on a region
of the surface of the substrate SUB facing the second module
MD2, so the deposition layer formation of one cycle on a
region of the surface of the substrate SUB facing the first
module MD2 is completed.

[0133] When the second raw material gas R is supplied
from the third nozzle unit 113 of the third module MD3 to the
substrate SUB, the gas reacts with the chemical adsorbing
layer including the first raw material gas S already adsorbed
on one of the regions of the substrate SUB facing the third
module MD3 or substitutes a portion of the chemical adsorb-
ing layer, and a desired deposition layer such as a AlxOy layer
is ultimately provided. In this case, an extra second raw mate-
rial gas R provides a physical adsorbing layer, and remains or
is exhausted. In this case, the remaining second raw material
gas R is exhausted.

[0134] In an alternative exemplary embodiment, when the
second raw material gas R is supplied to the substrate SUB, a
plasma is generated through the third plasma generating unit
123 of the third module MD3. In an exemplary embodiment,
energy is selectively supplied from the generator GE (refers to
FIG. 1) only to the third matcher MT3 through the switch SW,
proper power is transmitted from the third matcher MT3 to
the third plasma generating unit 123 through the third con-
ductor unit 133, and a plasma is generated from the third
plasma generating unit 123. The generated plasma may con-
vert the second raw material gas R into a radical type, which
may effectively react with a layer including the first raw
material gas S.
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[0135] The first raw material valve VS and the first valve
V1camong valves shown in FIG. 3 are open to supply the first
raw material gas S from the first nozzle unit 111 to the sub-
strate SUB.

[0136] When the first raw material gas S is supplied to the
substrate SUB, an adsorbing layer including aluminum (Al) is
disposed on a surface of the substrate SUB including a region
facing the first module MD1. In an exemplary embodiment, a
chemical adsorbing layer and a physical adsorbing layer are
disposed on a surface facing the first module MD1 of the
substrate SUB. That is, an adsorbing layer including Al for
providing a second AlxOy layer is disposed on a first AlxOy
layer provided by the first cycle.

[0137] Then, referring to FIG. 4F, the first raw material S is
supplied from the second module MD2 adjacent to the first
module MD1 to the substrate, and the purge gas P is supplied
from the first module MD1 and the third module MD3 to the
substrate SUB.

[0138] The first raw material S is supplied from the second
nozzle unit 112 of the second module MD2 to the substrate,
and the purge gas P is supplied from the first nozzle unit 111
of the first module MD1 and the third nozzle unit 113 of the
third module MD?3 to the substrate SUB.

[0139] The firstraw material valve VS and the second valve
V2¢ among valves shown in FIG. 3 are open to supply the first
raw material gas S from the second nozzle unit 112 to the
substrate SUB.

[0140] The purge gas P is supplied from the third nozzle
unit 113 of the third module MD3 to the substrate, removes
extra layers and impurities remaining on the surface of the
AlxOy layer disposed on a region of a surface of the substrate
SUB facing the third module MD3, and provides a deposition
layer including AlxQy on a region of a surface of the substrate
SUB facing the third module MD3, so the deposition layer
formation of one cycle on a region of the surface of the
substrate SUB facing the first module MD3 is completed.

[0141] In this case, since the purge gas P is supplied from
the first nozzle unit 111 of the first module MD1 to the
substrate SUB, the physical adsorbing layer having weak
intermolecular bond among the adsorbing layers disposed on
a region of a surface of the substrate SUB facing the first
module MD1 by using the first raw material gas S is separated
and exhausted from the substrate SUB by the purge gas P.

[0142] When the first raw material gas S is supplied from
the second nozzle unit 112 to the substrate SUB, an adsorbing
layer including aluminum (Al) is disposed on a surface of the
substrate SUB including a region facing the second module
MD2. In an exemplary embodiment, a chemical adsorbing
layer and a physical adsorbing layer are disposed on a surface
of the substrate SUB facing the second module MD2. That is,
an adsorbing layerincluding Al for providing a second AlxOy
layer 1s disposed on a first AlxOy layer provided by the first
cycle.

[0143] At least one AlxOy layer is disposed on all the
regions of the substrate SUB through the processes shown in
FIGS. 4A to 4F. Moreover, when such processes are repeated,
desired AlxQOy layers may be disposed on all the regions of the
substrate SUB. That is, it is possible to ultimately provide
AlxOy layers having the same thickness as a whole on the
substrate SUB. However, the exemplary embodiment is not
limited thereto and may also provide AlxOy layers having
different thicknesses on all the regions of the substrate SUB.
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[0144] When using the vapor deposition apparatus 100
according to the exemplary embodiment, it is possible to
provide a uniform deposition layer on all the regions of the
substrate SUB.

[0145] That is, since the plurality of modules MD1 to MD3
are arranged to face all the regions of the substrate SUB and
deposition processes are performed on all the regions of the
substrate SUB together, the efficiency and uniformity of
deposition are enhanced. Thus, since there is no need to
perform deposition processes while moving the substrate
SUB and the vapor deposition apparatus 100, easiness in the
layout of facilities and a space utilization capability are
enhanced.

[0146] Moreover, since the plurality of modules MD1 to
MD3 face all the regions of the substrate SUB, each of the
plurality of modules MD1 to MD3 needs to face only portions
of the substrate SUB, respectively. In addition, by indepen-
dently supplying a plurality of raw material gases and a purge
gas to the substrate SUB by the plurality of modules MD1 to
MD3, the deposition layer formation process of the first cycle
is independently performed on each region of the substrate
SUB instead of performing the deposition layer formation
process of the first cycle on all the regions of the substrate
SUB together, That is, in the deposition processes, the thick-
ness or the number of AlxOy layers may be different for each
region of the substrate SUB facing the first module MD1, the
second module MD2, and the third module MD3.

[0147] Through such an independent and distinct process,
it is possible to minimize a process time needed for replacing
each gas. Moreover, a time to perform the deposition layer
formation process of one cycle decreases. Thus, the efficiency
of a deposition process of disposing a deposition layer on the
substrate SUB increases.

[0148] That is, the vapor deposition apparatus 100 and the
vapor deposition method using the apparatus according to the
exemplary embodiment may provide a thin layer by using
atomic layer deposition (“ALD”), and it is possible to
enhance the efficiency of an ALD process by reducing a time
to perform the process of one cycle for providing one layer
when performing the ALD process. The exemplary embodi-
ment may also apply to other vapor deposition apparatuses in
addition to an ALD apparatus.

[0149] Inthe exemplary embodiment, the types of the first
raw material gas S and the second raw material gas R, and thin
layers (e.g., AlxOy thin layer) provided by using such gases
are exemplary, so it is possible to use various types of the first
raw material gas S and the second raw material gas R and thus
it is also possible to provide various thin layers.

[0150] Moreover, since the first raw material gas S is sup-
plied from one module unit and a purge gas P is supplied from
a module unit adjacent thereto, an adsorbing layer including
the first raw material S is efficiently disposed on a region of
the substrate SUB supplying the first raw material gas S and
the mixing of impurities is easily inhibited by supplying the
purge gas P to a region adjacent thereto.

[0151] Likewise, since the second raw material gas R is
supplied from one module unit and a purge gas P is supplied
from a module unit adjacent thereto, an adsorbing layer
including the second raw material R is efficiently disposed on
a region of the substrate SUB supplying the second raw
material gas R and the mixing of impurities is easily inhibited
by supplying the purge gas P to a region adjacent thereto.
[0152] Moreover, since the first raw material gas S is sup-
plied in the order of the first module MD1, the second module
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MD2, and the third module MD3, deposition processes are
sequentially performed on a region of the substrate SUB and
a region adjacent thereto in one direction and thus it is pos-
sible to provide a uniform and purity-enhanced deposition
layer on all the regions of the substrate SUB.

[0153] Moreover, since the second raw material gas R is
supplied in the order of the first module MD1, the second
module MD2, and the third module MD3, deposition pro-
cesses are sequentially performed on a region of the substrate
SUB and a region adjacent thereto in one direction and thus it
is possible to provide a uniform and purity-enhanced deposi-
tion layer on all the regions of the substrate SUB.

[0154] FIG. 5 is a schematic diagram of an organic light-
emitting display (“OLED”) apparatus provided by using the
method shown in FIGS. 4A to 4F, and FIG. 6 is an enlarged
view of a circled part F of FIG. 5.

[0155] An OLED apparatus 10 is disposed on a substrate
30. In an exemplary embodiment, the substrate 30 may
include a glass material, a plastic material, or a metal mate-
rial.

[0156] A buffer layer 31 including an insulating material is
arranged on the substrate 30 to provide planar surface on the
top of the substrate 30 and to prevent moisture and foreign
materials from permeating the substrate 30.

[0157] A thin film transistor (“TFT”) 40, a capacitor 50,
and an organic light-emitting device 60 are disposed on the
bufferlayer 31. The TFT 40 includes an active layer 41, a gate
electrode 42, a source electrode 43, and a drain electrode 44.
The organic light-emitting device 60 includes a first electrode
61, a second electrode 62, and an intermediate layer 63.
[0158] The capacitor 50 includes a first capacitor electrode
51 and a second capacitor electrode 52.

[0159] In an exemplary embodiment, the active layer 41
providedina certain pattern is arranged on the buffer layer 31.
The active layer 41 may include an inorganic semiconductor
material, an organic semiconductor material or an oxide
semiconductor material.

[0160] A gate insulating layer 32 is disposed on the active
layer 41. The gate electrode is disposed on the gate insulating
layer 32 to face the active layer 41. An interlayer insulating
layer 33 is provided to cover the gate electrode 42, and the
source electrode 43 and the drain electrode 44 are disposed on
the interlayer insulating layer 33 to be in contact with a region
of the active layer 41.

[0161] The first capacitor electrode 51 is disposed in the
same layer as the gate electrode 42 and may include the same
material as that of the gate electrode 42.

[0162] The second capacitor electrode 52 is disposed in the
same layer as the source electrode 43 and the drain electrode
44 and may include the same material as those of the source
electrode 43 and the drain electrode 44.

[0163] A passivation layer 34 is provided to cover the
source electrode 43 and the drain electrode 44 and a separate
insulating layer may be further disposed on the passivation
layer 34 for the planarization of the TFT 40.

[0164] The first electrode 61 is disposed on the passivation
layer 34. The first electrode 61 is provided to be electrically
connected to any one of the source electrode 43 and the drain
electrode 44. In addition, a pixel defining layer 35 is provided
to cover the first electrode 61. A certain opening 64 is defined
in the pixel defining layer 35 and then the intermediate layer
63 including an organic emission layer is provided in a region
defined by the opening 64. The second electrode 62 is dis-
posed on the intermediate layer 63.
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[0165] An encapsulating layer 70 is disposed on the second
electrode 62. The encapsulating layer 70 may include an
organic material or an inorganic material or have a structure in
which the organic material and the inorganic material are
alternately stacked.

[0166] The encapsulating layer 70 may be provided by
using the above-described vapor deposition apparatus 100 of
the invention. That is, a substrate 30 on which the second
electrode 62 is disposed is arranged on the above-described
vapor deposition apparatus 100 of the invention and then a
desired layer may be provided. In an exemplary embodiment,
the desired layer may be provided by using the method shown
in FIGS. 4A 1o 4F.

[0167] In an exemplary embodiment, the encapsulating
layer 70 may include one or more inorganic layers 71. In this
case, when providing the one or more inorganic layers 71, it
is possible to use the above-described vapor deposition appa-
ratus 100.

[0168] In an alternative exemplary embodiment, referring
to FIG. 6, the encapsulating layer 70 may include the inot-
ganic layer 71 and an organic layer 72, the inorganic layer
may include a plurality of layers 71a to 71¢, and the organic
layer may include a plurality of layers 72a to 72¢. In this case,
it is possible to use the plurality of layers 71a to 71c of the
inorganic layer 71 by using the vapor deposition apparatus
100 of the invention.

[0169] However, the exemplary embodiment is not limited
thereto. That is, the insulating layers of the OLED apparatus
10 including the buffer layer 31, the gate insulating layer 32,
the interlayer insulating layer 33, the passivation layer 34, and
the pixel defining layer 35 may be provided by using the vapor
deposition apparatus of the invention.

[0170] Moreover, various thin layers including the active
layer 41, the gate electrode 42, the source electrode 43, the
drain electrode 44, the first electrode 61, the intermediate
layer 63, and the second electrode 62 may also be provided by
using the vapor deposition apparatus of the invention.
[0171] As described above, when using the vapor deposi-
tion apparatus of the invention, it is possible to enhance the
characteristics of a deposition layer disposed on the OLED
apparatus 10 and, as a result, the electrical characteristics and
picture quality characteristics of the OLED apparatus 10.
[0172] According to the vapor deposition apparatus, the
vapor deposition method and the method for manufacturing
the OLED apparatus according to one or more exemplary
embodiments of the invention, it is possible to easily enhance
process efficiency and thin-layer characteristics.

[0173] As such, although the invention is described with
reference to exemplary embodiments shown in the drawings,
they are only examples and a person skilled in the art will
understand that various variations may be made therefrom.
Thus, the true protective scope of the invention will be defined
by the technical spirit of the following claims.

What is claimed is:

1. A vapor deposition apparatus for depositing a thin layer

on a substrate, the vapor deposition apparatus comprising:

a plurality of modules arranged to respectively face differ-
ent regions of the substrate, each of the plurality of
modules comprising:

a body unit; and
anozzle unit disposed on one of surfaces of the body unit
facing the substrate,
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wherein the plurality of modules is configured to individu-
ally perform deposition processes on different regions of
the substrate, respectively.

2. The vapor deposition apparatus of claim 1, wherein the
nozzle units of the plurality of modules are configured to
independently supply a plurality of types of gases selectively
to the substrate.

3. The vapor deposition apparatus of claim 1, wherein the
nozzle unit has a length corresponding to a width of the
substrate taken along one direction.

4. The vapor deposition apparatus of claim 1, wherein each
of the plurality of modules further comprises a plasma gen-
erating unit which is disposed on the one of the surfaces of the
body unit facing the substrate and spaced apart from the
nozzle unit.

5. The vapor deposition apparatus of claim 4, further com-
prising:

a plurality of matchers corresponding respectively to the

plasma generating units of the plurality of modules; and

a generator commonly connected to the plurality of match-

ers.

6. The vapor deposition apparatus of claim 5, further com-
prising a switch arranged between the generator and the plu-
rality of matchers and configured to transmit energy genet-
ated from the generator to a selected one of the plurality of
matchers.

7. The vapor deposition apparatus of claim 1, wherein the
plurality of modules has a size equal to or greater than an
entire region of the substrate.

8. A vapor deposition method for providing a thin layer on
a substrate, the vapor deposition method comprising:

providing a vapor deposition apparatus which comprises a

plurality of modules arranged to respectively face dif-

ferent regions of the substrate, each of the plurality of

modules comprising;

a body unit; and

anozzle unit which is disposed on one of surfaces of the
body unit facing the substrate;

arranging the substrate to face the plurality of modules of

the vapor deposition apparatus;

sequentially supplying a plurality of raw material gases

independently by the plurality of modules to the differ-
ent regions of the substrate, and

providing the thin layer on the substrate.

9. The vapor deposition method of claim 8, further com-
prising selectively supplying a first raw material gas, a second
raw material gas, and a purge gas to the substrate indepen-
dently by the nozzle units of the plurality of modules.

10. The vapor deposition method of claim 9, further com-
prising supplying the first raw material gas or the second raw
material gas by one of the nozzle units of the plurality of
modules while supplying the purge gas to the substrate by
another nozzle unit adjacent to the one of the nozzle units.

11. The vapor deposition method of ¢laim 9, wherein the
nozzle units of the plurality of modules are arranged in one
direction, and

the method further comprises supplying the first raw mate-

rial gas or the second raw material gas to the substrate by
the plurality of modules in an arranged order.

12. The vapor deposition method of claim 8, wherein each
of the plurality of modules further comprises a plasma gen-
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erating unit which is disposed on the one of the surfaces ofthe
body unit facing the substrate and spaced apart from the
nozzle unit, and

the method further comprises generating a plasma by the

plasma generating unit while supplying at least one raw
material gas in the providing the thin layer.

13. The vapor deposition method of claim 12, wherein the
plasma generating units of the plurality of modules indepen-
dently generate plasmas.

14. The vapor deposition method of claim 8, wherein the
providing the thin layer on the substrate is performed while
the substrate is fixed to the vapor deposition apparatus.

15. A method of manufacturing an organic light-emitting
display apparatus comprising one or more thin layers on a
substrate, the method comprising:

providing a vapor deposition apparatus which comprises a

plurality of modules arranged to respectively face dif-

ferent regions of the substrate, each of the plurality of

modules comprising:

a body unit; and

anozzle unit which is disposed on one of surfaces of the
body unit facing the substrate;

arranging the substrate to face the plurality of modules of

the vapor deposition apparatus;

sequentially supplying a plurality of raw material gases

independently by the plurality of modules to the differ-
ent regions of the substrate, and.

providing a thin layer on the substrate.

16. The method of claim 15, wherein the providing the thin
layer on the substrate comprises selectively supplying a first
raw material gas, a second raw material gas, and a purge gas
to the substrate independently by the nozzle units of the
plurality of modules.

17. The method of claim 16, further comprising supplying
the first raw material gas or the second raw material gas by
one of the nozzle units of the plurality of modules while
supplying the purge gas to the substrate by another nozzle unit
adjacent to the one of the nozzle units.

18. The method of claim 15, wherein each of the plurality
of modules further comprises a plasma generating unit which
is disposed on the one of the surfaces of the body unit facing
the substrate and spaced apart from the nozzle unit, and

the sequentially supplying the plurality of raw material

gases further comprises generating a plasma by the
plasma generating unit while supplying at least one raw
material gas.

19. The method of claim 15, wherein the organic light-
emitting display apparatus comprises:

an organic light-emitting device which comprises:

a first electrode;

a second electrode; and

an intermediate layer which is arranged between the first
electrode and the second electrode and comprises an
organic emission layer, and

the providing the thin layer on the substrate comprises

providing an encapsulating layer which encapsulates the
organic light-emitting device.

20. The method of claim 15, wherein the providing the thin
layer on the substrate comprises providing one or more insu-
lating layers or conductive layers which are comprised in the
organic light-emitting display apparatus.
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