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1
METHOD OF MANUFACTURING AN
ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS USING AT LEAST TWO
DEPOSITION UNITS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0105952, filed on
Sep. 24, 2012 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

1. Field

Aspects of embodiments of the present invention relate to
an organic layer deposition apparatus, a method of manufac-
turing an organic light-emitting display apparatus using the
same, and an organic light-emitting display apparatus manu-
factured using the method.

2. Description of the Related Art

Among display apparatuses, organic light-emitting display
apparatuses have wider viewing angles, better contrast char-
acteristics, and faster response speeds than other display
apparatuses, and thus have drawn attention as a next-genera-
tion display apparatus.

An organic light-emitting display apparatus includes an
emission layer between a first electrode and a second elec-
trode that are disposed opposite to each other, and an inter-
mediate layer including the emission layer. Here, the elec-
trodes and the intermediate layer may be formed by using any
of various methods, one of which is an independent deposi-
tion method. In order to manufacture an organic light-emit-
ting display apparatus by using a deposition method, typically
a fine metal mask (FMM) having the same pattern as that of an
organic layer to be formed is tightly adhered to a surface of a
substrate on which the organic layer is to be formed, and a
material, such as an organic layer material, is deposited
thereon, thereby forming the organic layer having a predeter-
mined pattern.

However, such a method of using the FMM has a limitation
in manufacturing a large-size organic light-emitting display
apparatus by using a large-size mother glass, because if a
large-size mask is used, the mask may be bent due to self-
weight, which results in distortion of the pattern of the organic
layer. This conflicts with a phenomenon requiring high-pre-
cision patterning.

In addition, since it takes a long time to align and tightly
adhere a substrate and an FMM to each other, to perform
deposition, and then to separate the substrate and the FMM
from each other, a long manufacturing time is required,
thereby decreasing production efficiency.

The above-described related art was considered by the
inventor to derive embodiments of the present invention or is
technical information obtained during the derivation of
embodiments of the present invention, and thus it should not
be assumed that the above-described related art was neces-
sarily published or otherwise made available to the public
before the conception of the present invention or filing of the
present application.

SUMMARY

According to aspects of embodiments of the present inven-
tion, an organic layer deposition apparatus is further suitable
for mass production of organic light-emitting display appa-
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2

ratuses on large-size substrates and enables high-precision
patterning. According to further aspects of embodiments of
the present invention, a method of manufacturing an organic
light-emitting display apparatus by using the organic layer
deposition apparatus described above, and an organic light-
emitting display apparatus manufactured using the method,
are provided.

According to an embodiment of the present invention, an
organic layer deposition apparatus is provided. The organic
layer deposition apparatus includes: a conveyer unit includ-
ing a transfer unit on which a substrate is fixed and configured
to move together with the fixed substrate, a first conveyer unit
for moving the transfer unit to which the substrate is fixed in
a first direction, and a second conveyer unit for moving the
transfer unit from which the substrate is separated after depo-
sition in a second direction opposite to the first direction; a
loading unit for fixing the substrate to the transfer unit; a
deposition unit including a chamber maintained at a vacuum,
and a plurality of organic layer deposition assemblies for
depositing an organic layer onto the substrate fixed to the
transfer unit transferred from the loading unit; and an unload-
ing unit for separating the substrate on which deposition has
been completed while passing through the deposition unit
from the transfer unit. The transfer unit is configured to cir-
culate between the first conveyer unit and the second con-
veyer unit. The substrate fixed to the transfer unit is spaced
from the organic layer deposition assemblies at an interval
while being moved by the first conveyer unit. Each of the
organic layer deposition assemblies includes a first organic
layer deposition unit and a second organic layer deposition
unit. The first organic layer deposition unit is arranged in such
a way that a longitudinal direction of the first organic layer
deposition unit is parallel to a longitudinal direction of the
second organic layer deposition unit. Each of the first and
second organic layer deposition units includes: a deposition
source for discharging a deposition material; a deposition
source nozzle unit that is at one side of the deposition source
and to which one or more deposition source nozzles are
formed; a patterning slit sheet that is opposite to the deposi-
tion source nozzle unit and in which one or more patterning
slits are formed; and first and second sensors that are at two
ends of the deposition source in a longitudinal direction of the
deposition source to face each other and measure an amount
of vaporization of the deposition material. The substrate is
spaced from the organic layer deposition assembly at an
interval to relatively move with respect to the organic layer
deposition assembly, and the deposition material discharged
from the deposition source passes through the patterning slit
sheet and is deposited onto the substrate to form a pattern.

The first organic layer deposition unit may be not located
on a virtual extending line in the longitudinal direction of the
second organic layer deposition unit.

The first organic layer deposition unit and the second
organic layer deposition unit may be arranged not to be super-
posed with each other in the first direction.

The longitudinal direction of the deposition source may be
perpendicular to the first direction.

The deposition source may include: at least one crucible
located in the longitudinal direction of the deposition source;
aheater that surrounds the crucible and heats the crucible; and
a cooling housing surrounding the heater.

The cooling housing may be configured to prevent heat
generated by the heater from being discharged out of the
deposition source.

The crucible may include a first crucible and a second
crucible, and the first and second crucibles may be inside the
cooling housing.
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The first sensor may be configured to measure an amount of
deposition material discharged from the first crucible, and the
second sensor may be configured to measure an amount of
deposition material discharged from the second crucible.

The first conveyer unit and the second conveyer unit may
be configured to pass through the deposition unit.

The first conveyer unit and the second conveyer unit may
be arranged one on top of the other and may be parallel to each
other.

The first conveyer unit may move the transfer unit to the
loading unit, the deposition unit, and the unloading unit in that
order.

The second conveyer unit may be configured to move the
transfer unit to the unloading unit, the deposition unit, and the
loading unit in that order.

The patterning slit sheet of the organic layer deposition
assembly may be smaller than the substrate in at least one of
the first direction or a third direction that is substantially
perpendicular to the first direction.

A plurality of the deposition source nozzles may be formed
in the deposition source nozzle unit along a third direction
that is substantially perpendicular to the first direction, a
plurality of the patterning slits may be formed in the pattern-
ing slit sheet along the third direction, and the organic layer
deposition apparatus may further include a blocking plate
assembly including a plurality of first blocking plates that are
arranged along the third direction between the deposition
source nozzle unit and the patterning slit sheet to divide a
space between the deposition source nozzle unit and the pat-
terning slit sheet into a plurality of deposition spaces.

Each of the first blocking plates may extend in the first
direction.

The blocking plate assembly may include a first blocking
plate assembly including the plurality of first blocking plates
and a second blocking plate assembly including a plurality of
second blocking plates.

The first blocking plates and the second blocking plates
may be arranged along the third direction that is substantially
perpendicular to the first direction so that the space between
the deposition source nozzle unit and the patterning slit sheet
is divided into the plurality of deposition spaces.

A plurality of the deposition source nozzles may be formed
in the deposition source nozzle unit along the first direction,
and a plurality of the patterning slits may be formed in the
patterning slit sheet in a third direction that is substantially
perpendicular to the first direction.

The deposition source, the deposition source nozzle unit,
and the patterning slit sheet may be coupled to each other as
one body by a connection member.

The connection member may be configured to guide a
transfer path of the deposition material.

The connection member may seal a space between the
deposition source, the deposition source nozzle unit, and the
patterning slit sheet.

In another embodiment according to the present invention,
a method of manufacturing an organic light-emitting display
apparatus by using an organic layer deposition apparatus for
forming an organic layer on a substrate, is provided. The
method includes: fixing the substrate to a transfer unit in a
loading unit; transferring the transfer unit to which the sub-
strate 1s fixed into a chamber by using a first conveyer unit
configured to pass through the chamber; forming the organic
layer by depositing a deposition material discharged from an
organic layer deposition assembly onto the substrate while
relatively moving the substrate with respect to the organic
layer deposition assembly in such a way that the organic layer
deposition assembly disposed inside the chamber is spaced
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from the substrate at an interval; separating the substrate on
which deposition has been completed in the unloading unit
from the transfer unit; and transferring the transfer unit sepa-
rated from the substrate to the loading unit by using a second
conveyer unit arranged to pass through the chamber. Each of
the plurality of organic layer deposition assemblies includes a
first organic layer deposition unit and a second organic layer
deposition unit. The first organic layer deposition unit is
arranged in such a way that a longitudinal direction of the first
organic layer deposition unit is parallel to a longitudinal
direction of the second organic layer deposition unit. Each of
the first and second organic layer deposition units includes: a
deposition source for discharging a deposition material; a
deposition source nozzle unit that is at one side of the depo-
sition source and at which one or more deposition source
nozzles are formed; a patterning slit sheet that is opposite to
the deposition source nozzle unit and in which one or more
patterning slits are formed; and first and second sensors that
are at two ends of the deposition source in a longitudinal
direction of the deposition source to face each other and
measure an amount of vaporization of the deposition mate-
rial. The substrate is spaced from the organic layer deposition
assembly at an interval to relatively move with respect to the
organic layer deposition assembly. The deposition material
discharged from the deposition source passes through the
patterning slit sheet and is deposited onto the substrate to
form a pattern.

A plurality of thin film deposition assemblies may be
inside the chamber so that deposition is sequentially per-
formed on the substrate by the thin film deposition assem-
blies.

The transfer unit may circulate between the first conveyer
unit and the second conveyer unit.

The first conveyer unit and the second conveyer unit may
be arranged one on top of the other, and may be parallel to
each other.

The patterning slit sheet of the thin film deposition assem-
bly may be smaller than the substrate in at least one of the first
direction or a second direction perpendicular to the first direc-
tion.

An organic light-emitting display apparatus may include: a
substrate; a plurality of thin film transistors (TFTs) on the
substrate, each of the TFTs including a semiconductor active
layer, a gate electrode insulated from the semiconductor
active layer, and source and drain electrodes contacting the
semiconductor active layer; a plurality of pixel electrodes
respectively on the TFTs; a plurality of organic layers respec-
tively on the pixel electrodes; and a counter electrode on the
organic layers. A length of at least one slanted side between
top and bottom sides of at least one of the plurality of organic
layers on the substrate farther from a center of a deposition
region is larger than lengths of slanted sides between the top
and bottom sides of those other organic layers formed closer
to the center of the deposition region, and at least one of the
organic layers on the substrate is a linearly-patterned organic
layer formed by using the organic layer deposition apparatus
described above.

The substrate may have a size of 2200 mmx2500 mm or
greater.

The organic layer may include at least an emission layer.

The organic layer may have a non-uniform thickness.

In each of the organic layers formed farther from the center
of the deposition region, the length of the slanted side farther
from the center of the deposition region may be larger than
that of the other slanted side.

The farther one of the plurality of organic layers in the
deposition region is from the center of the deposition region,
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the narrower an overlapped region of the top and bottom sides
of the one of the plurality of organic layers may be formed.

The slanted sides between the top and bottom sides of the
organic layer disposed at the center of the deposition region
may have substantially the same length as each other.

The plurality of organic layers in the deposition region may
be symmetrically arranged about the center of the deposition
region.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and aspects of the present
invention will become more apparent by describing in detail
some exemplary embodiments thereof with reference to the
attached drawings in which:

FIG. 1 is a schematic plan view of an organic layer depo-
sition apparatus according to an embodiment of the present
invention;

FIG. 2 is a schematic side view of a deposition unit of the
organic layer deposition apparatus shown in FIG. 1;

FIG. 3 is a schematic perspective view of an organic layer
deposition assembly including an organic layer deposition
unit, according to an embodiment of the present invention;

FIG. 4 is a schematic plan view of one of the organic layer
deposition assemblies shown in F1G. 3;

FIG. 5 is a schematic perspective view of an organic layer
deposition assembly including a first organic layer deposition
unit and a second organic layer deposition unit, according to
an embodiment of the present invention;

FIG. 6 is a schematic perspective view showing an organic
layer deposition assembly according to another embodiment
of the present invention;

FIG. 7 is a schematic cross-sectional side view of the
organic layer deposition assembly shown in FIG. 6;

FIG. 8 is a schematic cross-sectional plan view of the
organic layer deposition assembly shown in FIG. 6;

FIG. 9 is a schematic perspective view showing an organic
layer deposition assembly according to another embodiment
of the present invention;

FIG. 10 is a schematic perspective view showing an
organic layer deposition assembly according to another
embodiment of the present invention;

FIG. 11 schematically shows patterning slits that are
formed at equal intervals in a patterning slit sheet of an
organic layer deposition apparatus, according to an embodi-
ment of the present invention;

FIG. 12 schematically shows an organic layer formed on a
substrate by using the patterning slit sheet shown in FIG. 11,
according to an embodiment of the present invention; and

FIG. 13 is a cross-sectional view of an active matrix type
organic light-emitting display apparatus manufactured using
an organic layer deposition apparatus, according to an
embodiment of the present invention.

DETAILED DESCRIPTION

Hereinafter, exemplary embodiments of the present inven-
tion will be described in greater detail with reference to the
accompanying drawings so that those of ordinary skill in the
art may easily accomplish them. The present invention may
be embodied in various forms and is thus not limited to the
embodiments set forth herein.

As used herein, 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.

FIG. 1 is a schematic plan view of an organic layer depo-
sition apparatus 1, according to an embodiment of the present
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invention. FIG. 2 is a schematic side view of a deposition unit
of the organic layer deposition apparatus 1 shown in FIG. 1.

Referring to FIGS. 1 and 2, the organic layer deposition
apparatus 1 includes a deposition unit 100, a loading unit 200,
an unloading unit 300, and a conveyer unit 400.

The loading unit 200 may include a first rack 212, an
induction chamber 214, a first inversion chamber 218, and a
buffer chamber 219.

A plurality of substrates 2 to which deposition has not been
performed are loaded in the first rack 212. An induction robot
disposed in the induction chamber 214 holds the substrates 2
transferred from the first rack 212, puts the substrates 2 on a
transfer unit 430 transferred from a second conveyer unit 420
(shown inFIG. 2), and moves the transfer unit 430 onto which
the substrates 2 are adhered, to the first inversion chamber
218.

The first inversion chamber 218 is disposed adjacent to the
induction chamber 214. A first inversion robot disposed in the
first inversion chamber 218 inverts the transfer unit 430 and
places the transfer unit 430 in a first conveyer unit 410 (shown
in FIG. 2) of the deposition unit 100.

Referring to FIG. 1, the induction robot of the induction
chamber 214 puts the substrates 2 on the transfer unit 430. In
this state, the transfer unit 430 is transferred to the first inver-
sion chamber 218, and the first inversion robot of the first
inversion chamber 218 inverts the transfer unit 430, so that the
substrates 2 face down in the deposition unit 100.

The unloading unit 300 is configured in a reverse way to the
loading unit 200. In other words, a second inversion robot
inverts the substrates 2 and the transfer unit 430 that have
passed through the deposition unit 100, in a second inversion
chamber 328, and transfers the substrates 2 and the transfer
unit 430 to a carry-out chamber 324. A carry-out robot takes
the substrates 2 and the transfer unit 430 out of the carry-out
chamber 324, separates the substrates 2 from the transfer unit
430, and loads the substrates 2 in a second rack 322. The
transfer unit 430 separated from the substrates 2, is returned
to the loading unit 200 via the second conveyer unit 420.

However, the present invention is not limited thereto. Thus,
from when the substrates 2 are initially fixed to the respective
transfer units 430, the substrates 2 may be fixed to a bottom
surface of the respective transfer units 430 so as to be trans-
ferred to the deposition unit 100. In this case, the first inver-
sion robot of the first inversion chamber 218 and the second
inversion robot of the second inversion chamber 328 may be
omitted.

The deposition unit 100 includes at least one chamber 101
for deposition. Referring to FIGS. 1 and 2, the deposition umt
100 includes one chamber 101, and a plurality of organic
layer deposition assemblies 100-1 to 100-11 are located
inside the chamber 101. Referring to FIG. 1, eleven organic
layer deposition assemblies, that is, a first organic layer depo-
sition assembly 100-1 to an eleventh organic layer deposition
assembly 100-11, are disposed inside the chamber 101, but
the number of organic layer deposition assemblies may vary
according to deposition materials and deposition conditions.
The chamber 101 is maintained at a vacuum state during the
deposition.

Referring to FIG. 1, the transfer units 430 to which the
substrates 2 are respectively fixed are moved by the first
conveyer unit 410 to at least the deposition unit 100, and
preferably, sequentially moved to the loading unit 200, the
deposition unit 100, and the unloading unit 300. The transfer
units 430 separated from the substrates 2 in the unloading unit
300 are returned to the loading unit 200 by the second inver-
sion chamber 328.
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The first conveyer unit 410 is configured to pass through
the chamber 101, and the second conveyer unit 420 is dis-
posed to transfer the transfer units 430 separated from the
substrates 2.

Here, in the organic layer deposition apparatus 1, the first
conveyer unit 410 and the second conveyer unit 420 are
formed at upper and lower sides, respectively, so that the
transfer units 430, on which deposition is performed while
passing through the first conveyer unit 410, are separated
from the substrates 2 in the unloading unit 300 and are then
returned to the loading unit 200 via the second conveyer unit
420 formed below the first conveyer unit 410, thereby enhanc-
ing use of space.

The deposition unit 100 shown in FIG. 1 may further
include a deposition source replacing unit 190 at one side of
the organic layer deposition assembly 100-1. Although not
shown in FIGS. 1 and 2, the deposition source replacing unit
190 may be formed as a cassette type unit so as to be carried
to the outside from the organic layer deposition assembly
100-1. Thus, a deposition source 110 (see FI1G. 3) of the
organic layer deposition assembly 100-1 may be easily
replaced.

FIG. 1 shows a set of two organic layer deposition appara-
tuses 1 that are arranged in series, wherein the organic layer
deposition apparatuses 1 each include the loading unit 200,
the deposition unit 100, the unloading unit 300, and the con-
veyer unit 400. In other words, it may be understood that two
organic layer deposition apparatuses 1 are disposed at upper
and lower sides, respectively, as shown in FIG. 2. In this case,
a patterning slit sheet replacing unit 500 may further be dis-
posed between the two organic layer deposition apparatuses
1. In other words, the patterning slit sheet replacing unit 500
may be disposed between the two organic layer deposition
apparatuses 1 so that the two organic layer deposition appa-
ratuses 1 share the patterning slit sheet replacing unit 500,
which is a better use of space compared to a case where each
of the two organic layer deposition apparatuses 1 includes the
patterning slit sheet replacing unit 500.

FIG. 3 is a schematic perspective view of an organic layer
deposition assembly including an organic layer deposition
unit, according to an embodiment of the present invention.
FIG. 4 is a schematic plan view of the organic layer deposition
assembly shown in FIG. 3. FIG. 5 is a schematic perspective
view of an organic layer deposition assembly including a first
organic layer deposition unit and a second organic layer depo-
sition unit, according to an embodiment of the present inven-
tion.

Referring to FIGS. 3 to 5, the organic layer deposition
apparatus 1 may include eleven organic layer deposition
assemblies 100-1 to 100-11. However, the present invention
is not limited thereto, and the organic layer deposition appa-
ratus 1 may include a greater number of organic layer depo-
sition assemblies.

Among the organic layer deposition assemblies 100-1 to
100-11, the organic layer deposition assemblies 100-1, 100-2,
100-3, 100-4, 100-5, 100-10, and 100-11 may form a com-
mon layer of an organic layer 63 (see FIG. 13), and the rest of
organic layer deposition assemblies, that is, the organic layer
deposition assemblies 100-6, 100-7, 100-8, and 100-9, may
form layers, which are patterned for each sub-pixel, on the
organic layer 63.

For example, a deposition source of the organic layer depo-
sition assembly 100-1 may include a deposition material for
forming a hole injection layer; a deposition source of the
organic layer deposition assembly 100-2 may include a depo-
sition material for forming an interlayer (IL); a deposition
source of the organic layer deposition assembly 100-3 may
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include a deposition material for forming a hole transport
layer; and a deposition source of the organic layer deposition
assembly 100-4 may include a deposition material for form-
ing a hole injection layer. Also, a deposition source of the
organic layer deposition assembly 100-10 may include a
deposition material for forming an electron transport layer;
and a deposition source of the organic layer deposition assem-
bly 100-11 may include a deposition material for forming an
electron injection layer.

Deposited layers formed by the organic layer deposition
assemblies 100-1, 100-2, 100-3, 100-4, 100-5, 100-10, and
100-11 may be formed in common irrespective of sub-pixels.
Accordingly, a patterning slit sheet, that is, an open mask, in
which one patterning slit is formed may be disposed on the
organic layer deposition assemblies 100-1, 100-2, 100-3,
100-4, 100-5, 100-10, and 100-11.

The organic layer deposition assemblies 100-5, 100-6,
100-7, 100-8, and 100-9 may form layers that are patterned
for each sub-pixel on the organic layer 63. In other words, a
deposition source of the organic layer deposition assembly
100-5 may include a deposition material for forming an aux-
iliary layer of red and green sub-pixels, a deposition source of
the organic layer deposition assembly 100-6 may include a
deposition material for forming an auxiliary layer of a red
sub-pixel, a deposition source of the organic layer deposition
assembly 100-7 may include a deposition material for form-
ing a red emission layer, a deposition source of the organic
layer deposition assembly 100-8 may include a deposition
material for forming a green emission layer, and a deposition
source of the organic layer deposition assembly 100-9 may
include a deposition material for forming a blue emission
layer.

Accordingly, a patterning slit sheet 130 in which a plurality
of patterning slits 131 are formed may be disposed on the
deposition sources of the organic layer deposition assemblies
100-5, 100-6, 100-7, 100-8, and 100-9.

The present invention is not limited thereto. The organic
layer deposition apparatus 1 according to an embodiment of
the present invention may include at least two organic layer
deposition assemblies, and each organic layer deposition
assembly may include at least one deposition source. In addi-
tion, a deposition source may include various kinds of depo-
sition materials according to a structure of an organic layer
deposition assembly.

The organic layer deposition assemblies 100-1 to 100-11
may include first organic layer deposition units 100-1a to
100-11¢ and second organic layer deposition units 100-15 to
100-11b, respectively.

For the first organic layer deposition units 100-1a to 100-
11a and the second organic layer deposition units 100-15 to
100-115, a virtual line extending from the first organic layer
deposition units 100-1a to 100-11a in a longitudinal direction
L and a virtual line extending from the second organic layer
deposition units 100-15to 100-115 in a longitudinal direction
L' may be parallel to each other. In other words, the first
organic layer deposition units 100-1a to 100-11a and the
second organic layer deposition units 100-15 to 100-115 are
arranged so as to not overlap each other on the longitudinal
directions L or L. As shown in FIGS. 3 and 4, the first organic
layer deposition units 100-1¢ to 100-11a and the second
organic layer deposition units 100-15 to 100-115 may be
disposed to be misaligned with respect to (or offset from)
each other along a direction A shown in FIGS. 3 and 4.

Also, the first organic layer deposition units 100-1a to
100-11¢ may be arranged separately from one another in a
row in the direction A perpendicular to the longitudinal direc-
tion L, and the second organic layer deposition units 100-15
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to 100-115 may be arranged separately from one another in a
row in the direction A perpendicular to the longitudinal direc-
tion L'. Here, a perpendicular direction to the longitudinal
directions L and L' is a direction in which the substrates 2 are
transferred.

However, as shown in F1G. 4, the first organic layer depo-
sition units 100-1a to 100-11a and the second organic layer
deposition units 100-15 to 100-115 may be disposed not to be
superposed (or overlapped) with each other in the direction A
perpendicular to the longitudinal directions L and L.

As shown in FIG. 5, a second sensor 114' of the first organic
layer deposition unit 100-5¢ is disposed to be spaced apart
from a first sensor 114 of'the second organic layer deposition
unit 100-55 and to be misaligned to (or offset from) each other
in the longitudinal direction L. or L', and thus the second
sensor 114' is not interfered by the first sensor 114.

Also, the first organic layer deposition units 100-1a to
100-11¢ and the second organic layer deposition units 100-15
to 100-115 are disposed not to be on the longitudinal direc-
tions L or L' so that the first organic layer deposition units
100-1a to 100-11a and the second organic layer deposition
units 100-156 to 100-115 may be disposed not to be super-
posed with each other in the direction A perpendicular to the
longitudinal directions [ and L', thereby reducing a manufac-
turing time and a manufacturing cost in manufacturing an
organic light-emitting display apparatus by using the sub-
strates 2 having a size equal to or greater than an 8 G size
(2200 mmx2500 mm). For example, when an organic light-
emitting display apparatus is manufactured using an organic
layer deposition apparatus according to an embodiment of the
present invention, a deposition source, which includes a
deposition material that is deposited onto a substrate while
the substrate relatively moves with respect to the organic
layer deposition apparatus, wherein the deposition source has
alength corresponding to a length of one side of the substrate,
is used. Also, because a large-size substrate is used in order to
improve productivity of the organic light-emitting display
apparatus, as a size of the substrate increases, a size of the
deposition source needs to increase. As the size of the depo-
sition source increases, a length of a heater frame, as well as
a length of a crucible constituting the deposition source,
increases. Also, as a length of the deposition source increases,
the deposition source becomes vulnerable to thermal defor-
mation, and it becomes difficult to maintain a temperature of
the entire deposition source constant, thereby affecting a uni-
formity of an organic layer deposited onto the substrate.

However, in the organic layer deposition apparatus accord-
ing to an embodiment of the present invention, because the
organic layer deposition assemblies 100-1 to 100-11 respec-
tively include the first organic layer deposition units 100-1a
to 100-11¢ and the second organic layer deposition units
100-15 to 100-115 having a size that is smaller than a length
of one side of the substrate 2 and may maintain a temperature
of the entire deposition source 110 uniform within a prede-
termined range, even in the case of an organic light-emitting
display apparatus using a large-size substrate having a size
equal to or greater than an 8 G size (2200 mmx2500 mm), a
thickness of an organic layer may be prevented from being
non-uniform due to thermal deformation of the deposition
source 110 or temperature non-uniformity of the entire depo-
sition source 110.

Also, in the organic layer deposition apparatus according
to an embodiment of the present invention, the organic layer
deposition assemblies 100-1 to 100-11 respectively include
the first organic layer deposition units 100-1a to 100-11a and
the second organic layer deposition units 100-15 to 100-115
having a size that is smaller than a length of one side of the
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substrate 2, and thus the cost and time for developing an
additional deposition source corresponding to a large-size
substrate may be reduced.

FIG. 5 is a schematic perspective view of the organic layer
deposition assembly 100-5 including the first organic layer
deposition unit 100-3a and the second organic layer deposi-
tion unit 100-54, according to an embodiment of the present
invention.

Referring to FIG. 5, the organic layer deposition assembly
100-5 may include the first organic layer deposition unit
100-5a and the second organic layer deposition unit 100-55.
Each of the first organic layer deposition unit 100-5¢ and the
second organic layer deposition unit 100-55 may include the
deposition source 110, a deposition source nozzle unit 120,
the patterning slit sheet 130, a frame 135, the first sensor 114,
the second sensor 114', and the like. Here, all the components
shown in FIGS. 3 to 5 may be disposed inside the chamber
101 that maintains an appropriate vacuum level in order to
secure directivity of the deposition material.

For example, in order for the deposition material (not
shown) discharged from the deposition source 110 to be
deposited onto the substrate 2 in a desired pattern via the
deposition source nozzle unit 120 and the patterning slit sheet
130, the inside of the chamber (not shown) basically needs to
maintain a high vacuum level similar to a method of depos-
iting a fine metal mask (FMM). Also, a temperature of the
patterning slit sheet 130 should be sufficiently lower than that
of the deposition source 110 in order to reduce or minimize
thermal expansion of the patterning slit sheet 130 due to the
temperature of the patterning slit sheet 130.

The substrate 2, on which deposition is to be performed, is
disposed inside the chamber 101. The substrate 2 may be a
substrate for a flat panel display device, and may be config-
ured as a large-size substrate having a size equal to or greater
than 40 inches, for example, a mother glass with which a
plurality of flat panel display devices may be formed.

Here, in an embodiment of the present invention, deposi-
tion is performed on the substrate 2 while the substrate 2
relatively moves with respect to the organic layer deposition
assemblies 100-1 to 100-11.

For example, in a conventional FMM depositing method,
the FMM and a substrate typically have the same size.
Accordingly, as the size of the substrate increases, the size of
the FMM is increased, and thus it is difficult to manufacture
the FMM, and it is also difficult to extend the FMM and align
the FMM in a precise pattern.

In order to solve the problem, the organic layer deposition
assemblies 100-1 to 100-11 according to an embodiment of
the present invention and the substrate 2 relatively move with
respect to each other to perform deposition. In other words,
deposition is successively performed on the substrate 2 dis-
posedto face the organic layer deposition assemblies 100-1 to
100-11 while the substrate 2 moves in a Y-axis direction. That
is, deposition is performed on the substrate 2 in a scanning
manner while the substrate 2 moves in a direction of an arrow
‘A’ shown in FIG. 3. Here, although FIG. 3 shows that depo-
sition is performed on the substrate 2 while the substrate 2
moves in the Y-axis direction in the chamber (not shown), the
present invention is not limited thereto. However, alterna-
tively, the substrate 2 may be fixed, and the organic layer
deposition assembly 100-1 may perform deposition on the
substrate 2 while the organic layer deposition assembly 100-1
moves in the Y-axis direction.

Accordingly, in the organic layer deposition assemblies
100-1 to 100-11 according to an embodiment of the present
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invention, the patterning slit sheet 130 may be formed to be
smaller than a conventional FMM for deposition on a com-
parably sized substrate.

In other words, in the organic layer deposition assemblies
100-1 to 100-11 of the present invention, because deposition
is successively performed on the substrate 2 in a scanning
manner while the substrate 2 moves in the Y-axis direction, at
least one of the lengths of the patterning slit sheet 130 in an
X-axis direction and the Y-axis direction may be formed to be
smaller than the length of the substrate 2. As such, in the
organic layer deposition assemblies 100-1 to 100-11 accord-
ing to an embodiment of the present invention, the patterning
slit sheet 130 may be formed to be smaller than that in the
conventional FMM for performing deposition on a compara-
bly sized substrate, and thus the patterning slit sheet 130 may
be easily manufactured. In other words, the patterning slit
sheet 130 having a small size is desirable or advantageous,
compared to the conventional deposition method of an FMM,
in all processes including an etching process of the patterning
slit sheet 130 and precision extending, welding, transferring,
and washing processes after the etching process of the pat-
terning slit sheet 130. Also, as a display apparatus is becom-
ing larger, the patterning slit sheet 130 having a small size is
further desirable or advantageous.

As such, in order for the organic layer deposition assem-
blies 100-1 to 100-11 and the substrate 2 to perform deposi-
tion while the organic layer deposition assemblies and the
substrate 2 are relatively moving with respect to each other,
the organic layer deposition assemblies 100-1 to 100-11 and
the substrate 2 may be spaced apart from each other at a gap
or an interval (e.g., a predetermined interval), which will be
described later in detail.

The deposition source 110, in which the deposition mate-
rial is accommodated and heated, is disposed inside the cham-
ber to be opposite to the substrate 2. As the deposition mate-
rial accommodated in the deposition source 110 is vaporized,
deposition is performed on the substrate 2.

For example, the deposition source 110 may include first
and second crucibles 111 and 111" filled with the deposition
material, first and second heaters (not shown) for heating the
first and second crucibles 111 and 111" to vaporize the depo-
sition material filled in the first and second crucibles 111 and
111" toward one side of the first and second crucibles 111 and
111, for example, toward the deposition source nozzle unit
120, a cooling housing 113 that surrounds the first and second
heaters and prevents (or substantially prevents) heat gener-
ated by the first and second heaters from being discharged out
of the deposition source 110, and the first and second sensors
114 and 114' for measuring an amount of the deposition
material that is vaporized in the first and second crucibles 111
and 111"

The deposition source nozzle unit 120 is disposed at one
side of the deposition source 110, for example, at a portion of
the deposition source 110 facing the substrate 2. Here, in an
organic layer deposition assembly according to an embodi-
ment of the present invention, a plurality of the deposition
source nozzle units 120 may be formed in different ways to
deposita common layer and a patterned layer. In other words,
although not shown in the drawing, a plurality of deposition
source nozzles 121 may be formed in the deposition source
nozzle units 120 for forming the patterning layer in the Y-axis
direction, that is, in a direction in which the substrate 2 is
scanned. Accordingly, only one deposition source nozzle 121
may be formed in the X-axis direction so as to greatly
decrease generation of a shadow. A plurality of deposition
source nozzles 121 may be formed in the deposition source
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nozzle unit 120 for forming the common layer in the X-axis
direction, thereby improving uniformity of a thickness of the
common layer.

The patterning slit sheet 130 may further be disposed
between the deposition source 110 and the substrate 2. The
patterning slit sheet 130 may further include the frame 135
formed to have a window frame shape, and the plurality of
patterning slits 131 are formed in the patterning slit sheet 130
in the X-axis direction. The deposition material vaporized
inside the deposition source 110 passes through the deposi-
tion source nozzle unit 120 and the patterning slit sheet 130
toward the substrate 2 on which deposition is to be performed.
Here, the patterning slit sheet 130 may be manufactured by
etching, which is the same method as a method of manufac-
turing the conventional FMM, in particular, a stripe type
mask. The number of deposition source nozzles 121 may be
less than the number of patterning slits 131.

In this regard, the above-described deposition source 110
(and the deposition source nozzle unit 120 coupled to the
deposition source 110) and the patterning slit sheet 130 may
be formed spaced apart from each other at an interval (e.g. a
predetermined interval).

As described above, the organic layer deposition assembly
100-5 according to an embodiment of the present invention
performs deposition while relatively moving with respect to
the substrate 2. As such, in order for the organic layer depo-
sition assembly 100-5 to relatively move with respect to the
substrate 2, the patterning slit sheet 130 is formed to be
spaced apart from the substrate 2 at an interval or gap (e.g., a
predetermined interval).

For example, in the conventional FMM depositing method,
deposition is performed by tightly adhering a mask to a sub-
strate in order to prevent a shadow from being generated on
the substrate. However, when the mask is tightly adhered to
the substrate, defects due to contact between the substrate and
the mask may occur. Also, since the mask may not be moved
with respect to the substrate, the mask is formed to have
substantially the same size as the substrate. Accordingly, as a
size of a display apparatus increases, the size of the mask is
increased. However, there is a problem that it is difficult to
form such a large-size mask.

In order to solve the problem, in the organic layer deposi-
tion assembly 100-1 according to an embodiment of the
present invention, the patterning slit sheet 130 is disposed to
be spaced apart from the substrate 2, on which deposition is to
be performed, at a gap or an interval (e.g., a predetermined
interval).

After the mask is formed to be smaller than the substrate 2,
deposition is performed while moving the mask with respect
to the substrate 2, thereby facilitating the manufacture of the
mask and preventing generation of defects due to contact
between the substrate 2 and the mask. Also, there is no time
required to tightly adhere the substrate 2 to the mask, and thus
a manufacturing time may be shortened.

The deposition source 110 of each of the first and second
organic layer deposition units 100-5¢ and 100-56 may
include the first and second crucibles 111 and 111". The first
and second crucibles 111 and 111' may be disposed in the
longitudinal direction L or L' of the deposition source 110.

The first sensor 114 and the second sensor 114' may be
located at two respective ends of the deposition source 110 in
the longitudinal direction L or L' of the deposition source 110
to face each other. The first sensor 114 may measure an
amount of deposition material discharged from the first cru-
cible 111, and the second sensor 114' may measure an amount
of deposition material discharged from the second crucible
111"
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As described above, the first organic layer deposition unit
100-5a and the second organic layer deposition unit 100-55
are not located on their own extending lines in the longitudi-
nal directions L and L', and the first organic layer deposition
unit 100-5a and the second organic layer deposition unit
100-5b are disposed not to be superposed with each otherina
direction A perpendicular to the longitudinal directions L. and
L'. Thus, the second sensor 114" of the first organic layer
deposition unit 100-5¢ is disposed to be spaced apart from
and misaligned to (or offset from) the first sensor 114 of the
second organic layer deposition unit 100-55 in the longitudi-
nal direction L or L'. Accordingly, the second sensor 114' of
the first organic layer deposition unit 100-5a and the first
sensor 114 of the second organic layer deposition unit 100-554
do not interfere with each other.

FIG. 6 is a view schematically showing an organic layer
deposition assembly 700 according to another embodiment of
the present invention. FIG. 7 is a schematic cross-sectional
side view of the organic layer deposition assembly 700 shown
in FIG. 6. FIG. 8 is a schematic cross-sectional plan view of
the organic layer deposition assembly 700 shown in FIG. 6.

Referring to FIGS. 6 to 8, the organic layer deposition
assembly 700 includes a deposition source 710, a deposition
source nozzle unit 720, a blocking plate assembly 730, and a
patterning slit sheet 750.

Here, the deposition source 710 includes a crucible 711 to
be filled with a deposition material 715, and a heater 712 for
heating the crucible 711 to vaporize the deposition material
715 filled in the crucible 711 toward the deposition source
nozzle unit 720. The deposition source nozzle unit 720 is
disposed at one side of the deposition source 710, and a
plurality of deposition source nozzles 721 are formed in the
deposition source nozzle unit 720 along an X-axis direction.

The blocking plate assembly (or a barrier plate assembly)
730 is disposed at one side of the deposition source nozzle
unit 720. The blocking plate assembly 730 includes a plural-
ity of blocking plates (or barrier plates) 731 and a blocking
plate frame (or a barrier plate frame) 732 disposed outside of
the blocking plates 731. The blocking plates 731 may be
disposed in parallel to each other along the X-axis direction.
Here, the blocking plates 731 may be disposed at equal inter-
vals. Also, the blocking plates 731 may extend parallel to a
Y-7 plane as shown in FIG. 6, and for example, may be
formed in a rectangular shape. The blocking plates 731 dis-
posed in such a way divide a space between the deposition
source nozzle unit 720 and a patterning slit 751 into a plurality
of deposition spaces S. In other words, in the organic layer
deposition assembly 700 according to an embodiment of the
present invention, the deposition spaces S are defined by the
blocking plates 731, as shown in FIG. 8, according to the
deposition source nozzles 721 through which the deposition
material is sprayed. As such, the blocking plates 731 may
divide a space between the deposition source nozzle unit 720
and the patterning slit sheet 750 into the plurality of deposi-
tion spaces S so that the deposition material discharged from
one deposition source nozzle 721 may not be mixed with the
deposition materials discharged from other deposition source
nozzles 721 and may be deposited onto the substrate 2 via the
patterning slit 751. In other words, the blocking plates 731
may guide a transfer path of the deposition material so that the
deposition material discharged through the deposition source
nozzle 721 may not disperse and move straight in the Z-axis
direction.

As such, straightness of the deposition material may be
secured by including the blocking plates 731, thereby reduc-
ing (e.g., greatly reducing) sizes of shadows formed in the
substrate 2. Accordingly, the organic layer deposition assem-
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bly 700 and the substrate 2 may be spaced apart from each
other at a gap or an interval (e.g., a predetermined interval).

The patterning slit sheet 750 may further be disposed
between the deposition source 710 and the substrate 2. The
patterning slit sheet 750 may further include a frame 755 that
is substantially formed in a window frame shape. The plural-
ity of patterning slits 751 are formed in the patterning slit
sheet 750 along the X-axis direction. The deposition material
715 vaporized inside the deposition source 710 moves toward
the substrate 2 to be deposited via the deposition source
nozzle unit 720 and the patterning slit sheet 750.

FIG. 9 is a view schematically showing an organic layer
deposition assembly 800 according to another embodiment of
the present invention.

The organic layer deposition assembly 800 includes a
deposition source 810, a deposition source nozzle unit 820, a
first blocking plate assembly (or a first barrier plate assembly)
830, a second blocking plate assembly (or a second barrier
plate assembly) 840, and a patterning slit sheet 850. Here,
detailed configurations of the deposition source 810, the first
blocking plate assembly 830, and the patterning slit sheet 850
are substantially the same as those described with reference to
FIG. 8, and thus a detailed description thereof is omitted. The
current embodiment is different from the above-described
embodiments in that the second blocking plate assembly 840
is disposed at one side of the first blocking plate assembly
830.

In detail, the second blocking plate assembly 840 includes
a plurality of second blocking plates 841 and a second block-
ing plate frame 842 that is disposed outside of (or external to)
the second blocking plates 841. The second blocking plates
841 may be disposed in parallel to each other along an X-axis
direction. The second blocking plates 841 may be disposed at
equal intervals. Also, the second blocking plates 841 may be
formed to be parallel to a Y-Z plane, as shown in FIG. 9, that
is, to be perpendicular to the X-axis direction.

First blocking plates 831 and the second blocking plates
841 that are disposed in such a way divide a space between the
deposition source nozzle unit 820 and the patterning slit sheet
850. In other words, deposition spaces are defined by the first
blocking plates 831 and the second blocking plates 841
according to deposition source nozzles 821 through which a
deposition material is sprayed.

Here, the second blocking plates 841 may be disposed to
correspond one-to-one to the first blocking plates 831. In
other words, the second blocking plates 841 are aligned with
the first blocking plates 831 and disposed parallel to each
other. That is, the first blocking plates 831 and the second
blocking plates 841 that correspond to each other are located
on the same plane. Although FIG. 9 shows that the first
blocking plates 831 have a length that is substantially the
same as a width ofthe second blocking plate 841 in the X-axis
direction, the present invention is not limited thereto. In other
words, the second blocking plates 841 required to be pre-
cisely aligned with the patterning slits 851 may be formed
relatively thin, while the first blocking plates 831 not required
to be precisely aligned may be formed relatively thick,
thereby facilitating the manufacture of the organic layer
deposition assembly 800.

FIG. 10 is a view schematically showing an organic layer
deposition assembly 900 according to another embodiment of
the present invention.

Referring to FIG. 10, the organic layer deposition assem-
bly 900 includes a deposition source 910, a deposition source
nozzle unit 920, and a patterning slit sheet 950.

Here, the deposition source 910 includes a crucible 911 to
be filled with a deposition material 915, and a heater 912 for
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heating the crucible 911 to vaporize the deposition material
915 filled in the crucible 911 toward the deposition source
nozzle unit 920. The deposition source nozzle unit 920 is
disposed at one side of the deposition source 910, and a
plurality of deposition source nozzles 921 are formed on the
deposition source nozzle unit 920 in a Y-axis direction. The
patterning slit sheet 950 and a frame 955 are further located
between the deposition source 910 and the substrate 2, and a
plurality of patterning slits 951 are formed in the patterning
slit sheet 950 along the X-axis direction. The deposition
source 910, the deposition source nozzle unit 920, and the
patterning slit sheet 950 are coupled to each other via a
connection member 935.

The current embodiment is different from the above-de-
scribed embodiments in the arrangement of the deposition
source nozzles 921, which will be described later in detail.

The deposition source nozzle unit 920 is located at one side
of the deposition source 910, for example, at a portion of the
deposition source 910 facing the substrate 2. The plurality of
deposition source nozzles 921 are formed on the deposition
source nozzle unit 920 along the Y-axis direction, that is, in a
direction in which the substrate 2 is scanned. Here, the depo-
sition source nozzles 921 may be formed at equal intervals.
The deposition material 915 vaporized inside the deposition
source 910 passes through the deposition source nozzle unit
920 and moves toward the substrate 2 to be deposited. Con-
sequently, the plurality of deposition source nozzles 921 are
formed in one organic layer deposition assembly 900-1 along
a direction in which the substrate 2 is scanned. In this case, if
there are a plurality of deposition source nozzles 921 along
the X-axis direction, a distance between the deposition source
nozzle 921 and the patterning slit 951 varies, and thus shad-
ows may be generated due to the deposition material dis-
charged from the deposition source nozzle 921 that is dis-
posed far away from the patterning slit 951. Accordingly, the
deposition source nozzle 921 is formed in such a way that
only one deposition source nozzle 921 is disposed along the
X-axis direction, thereby greatly decreasing generation of
shadows. Also, since the plurality of deposition source
nozzles 921 are disposed in a direction in which the substrate
2 is scanned, even if a flux difference between individual
deposition source nozzles 921 is generated, the flux differ-
ence 1s offset, and thus deposition uniformity may be main-
tained substantially constant.

Hereinafter, a configuration of an organic layer formed by
an organic layer deposition apparatus according to an
embodiment of the present invention will be described in
detail.

FIG. 11 schematically shows the patterning slits 131 that
are formed at equal intervals in the patterning slit sheet 130 of
an organic layer deposition apparatus, according to an
embodiment of the present invention. FIG. 12 schematically
shows an organic layer formed on a substrate by using the
patterning slit sheet 130 shown in FIG. 11, according to an
embodiment of the present invention.

FIGS.11 and 12 show the patterning slit sheet 130 in which
the patterning slits 131 are formed at equal intervals. In other
words, in FIG. 10, a relationship of T, =I,=1,=1, is established.

In this case, an incidence angle of the deposition material
passing through a central line C of the deposition space S is
nearly (or substantially) perpendicular to the substrate 2.
Accordingly, an organic layer P, formed by the deposition
material, which has passed through a patterning slit 131a, has
areduced or minimum shadow size where a right shadow SR
and a left shadow SL; are symmetrical to each other.

However, a threshold incidence angle 0 of the deposition
material passing through the patterning slit gradually
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increases the farther the patterning slit is from the central line
C of the deposition space S, and thus, the threshold incidence
angle 0 of the deposition material passing through an outer-
most patterning slit 131e is about 55°. Accordingly, the depo-
sition material is obliquely incident on the patterning slit
131e, and an organic layer P formed by the deposition mate-
rial, which has passed through the patterning slit 131e, may
have an increased or a maximum shadow size, and in particu-
lar, a left shadow SR, may be formed longer than a right
shadow SRs.

In other words, as the threshold incidence angle 0 of the
deposition material increases, a size of the shadow increases,
and in particular, a size of the shadow increases the farther
away from the central line C of the deposition space S. Also,
as a distance between a central portion of the deposition space
S and the patterning slit increases, the threshold incidence
angle 6 of the deposition material increases. Accordingly, as
the organic layer has a longer distance from the central line C
of the deposition space S and the patterning slit the size of the
shadow increases. For example, among shadows of two sides
of the organic layer, the shadow that is far away from the
central line C of the deposition space S has a larger size.

In other words, referring to FIG. 12, in the organic layers
formed on the left side of the central line C of the deposition
space S, a left-oblique side of the organic layer is formed
longer than a right-oblique side. Also, in the organic layers
formed on the right side of the central line C of the deposition
space S, a right-oblique side of the organic layer is formed
longer than a left-oblique side.

In the organic layers formed on the left side of the central
line C of the deposition space S, as a distance between the
organic layer and the central line C increases, a length of a
left-oblique side of the organic layer increases. Also, in the
organic layers formed on the right side of the central line C of
the deposition space S, as a distance between the organic layer
and the central line C increases, a length of a right-oblique
side of the organic layer increases. Consequently, the organic
layers formed inside the deposition space S may be formed to
be symmetrical to each other about the central line C of the
deposition space S, which will now be described in detail

The deposition materials pass through a patterning slit
1315 at a threshold incidence angle of 8,. In this case, a left
shadow of an organic layer P, formed by the deposition mate-
rial having passed through the patterning slit 1315, 1s formed
to have a size of SL,. Similarly, the deposition materials pass
through a patterning slit 131¢ at a threshold incidence angle of
0,.. In this case, a left shadow of an organic layer P, formed by
the deposition material having passed through the patterning
slit 131¢, is formed to have a size of SL,. Similarly, the
deposition materials pass through a patterning slit 131d at a
threshold incidence angle of 0,,. In this case, a left shadow of
an organic layer P, formed by the deposition material having
passed through the patterning slit 1314, is formed to have a
size of SL,. Finally, the deposition materials pass through the
patterning slit 131e at a threshold incidence angle of 0,. In this
case, a left shadow of the organic layer P formed by the
deposition material having passed through the patterning slit
131e, is formed to have a size of SLs.

Here, because arelationship of 0 ,<0 <0 <0, is established,
a relationship of SL,<SL,<SL,<SL,<SL; is established
between sizes of the shadows of the organic layers of which
deposition materials passed through the patterning slits.

FIG. 13 is a cross-sectional view of an active matrix type
organic light-emitting display apparatus 10 manufactured
using an organic layer deposition apparatus, according to an
embodiment of the present invention.
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Referring to FIG. 13, the active matrix type organic light-
emitting display apparatus 10 is formed on the substrate 2.
The substrate 2 may be formed of a transparent material, for
example, a glass, plastic, or metal material. An insulating
layer 51, such as a buffer layer, may be formed on an entire
area of the substrate 2.

A thin film transistor TFT as shown in FIG. 13, a capacitor
(not shown), and an organic light-emitting device OLED are
formed on the insulating layer 51.

A semiconductor active layer 52 is formed on the insulat-
ing layer 51 (e.g., formed in a predetermined pattern). The
semiconductor active layer 52 is covered by a gate insulating
layer 53. The semiconductor active layer 52 may be formed of
a p- or n-type semiconductor.

A gate electrode 54 of the TFT is formed on the gate
insulating layer 32 to correspond to the semiconductor active
layer 52. An insulating interlayer 55 is formed to cover the
gate electrode 54. After the insulating interlayer 55 is formed,
acontact hole is formed in the gate insulating layer 53 and the
insulating interlayer 55 by etching the gate insulating layer 53
and the insulating interlayer 55 by using an etching process,
such as dry etching, to expose a part of the semiconductor
active layer 52.

Next, source/drain electrodes 56 and 57 are formed on the
insulating interlayer 55 to contact the exposed part of the
semiconductor active layer 52 through the contact hole. A
passivation layer 58 is formed to cover the source/drain elec-
trodes 56 and 57, and the drain electrode 57 is partially
exposed by using an etching process. An insulating layer 59
may further be formed on the passivation layer 58 for pla-
narization of the passivation layer 58.

An organic light-emitting device OLED emits red, green,
or blue light according to current to display a predetermined
piece of image information. A first electrode 61 is formed on
the insulating layer 59. The first electrode 61 is electrically
connected to one of the source/drain electrodes 57 of the TFT.

A pixel-defining layer 60 is formed to cover the first elec-
trode 61. After a predetermined opening is formed in the
pixel-defining layer 60, the organic layer 62, including an
emission layer, is formed in an area defined by the opening. A
second electrode 63 is formed on the organic layer 62.

The pixel-defining layer 60 divides each pixel and may be
formed of an organic material. The pixel-defining layer 35
planarizes a surface of a substrate on which the first electrode
61 is formed, for example, a surface ofthe insulating layer 59.

The first electrode 61 and the second electrode 63 are
insulated from each other, and apply voltages with different
polarities to the organic layer 62 including the emission layer
to emit light.

The organic layer 62 may be formed of a low-molecular
weight organic material or a high-molecular weight organic
material. If a low-molecular weight organic material is used,
then the organic layer 62 may have a single or multi-layer
structure including at least one selected from the group con-
sisting of a hole injection layer (HIL), a hole transport layer
(HTL), an emission layer (EML), an electron transport layer
(ETL), and an electron injection layer (EIL). Examples of
available organic materials may include copper phthalocya-
nine (CuPc¢), N,N'-di(naphthalene-1-y1)-N,N'-diphenyl-ben-
zidine (NPB), tris-8-hydroxyquinoline aluminum (Alq3),
and/or the like.

Here, the organic layer 62, including the emission layer,
may be deposited by the organic layer deposition apparatus 1
(see FIG. 1) shown in FIGS.1t0 9. In other words, the organic
layer deposition apparatus 1 is disposed to be spaced apart at
a predetermined interval from the substrate 2 and then, while
one of the organic layer deposition apparatus 1 (see FIG. 1)
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and the substrate 2 (see FIG. 1) relatively moves with respect
to the other one, the deposition material discharged from the
organic layer deposition apparatus 1 is deposited on the sub-
strate 2 to which deposition is to be performed, wherein the
organic layer deposition apparatus 1 includes the deposition
source discharging the deposition material; the deposition
source nozzle unit that is disposed at one side of the deposi-
tion source and in which the plurality of deposition source
nozzles are formed; and the patterning slit sheet that is dis-
posed to be opposite to the deposition source nozzle unit and
in which the plurality of patterning slits are formed.

After the organic layer 62 is formed, the second electrode
63 may be formed according to the same deposition method
used to form the organic layer 62.

The first electrode 61 may function as an anode and the
second electrode 63 may function as a cathode, or vice versa.
The first electrode 61 may be patterned to correspond to
individual pixel regions, and the second electrode 63 may be
formed to cover all the pixels.

The first electrode 61 may be formed as a transparent
electrode or a reflective electrode. The transparent electrode
may be formed of an indium tin oxide (ITO), an indium zinc
oxide (I70), a zinc oxide (Zn0O), or an indium oxide (In,05).
The reflective electrode may be formed by forming a reflec-
tive layer from silver (Ag), magnesium (Mg), aluminum (Al),
platinum (Pt), palladium (Pd), gold (Au), nickel (Ni), neody-
mium (Nd), iridium (Ir), chromium (Cr) or a compound
thereof and then forming a transparent electrode layer of TTO,
170, ZnO, or In,O; on the reflective layer. The first electrode
61 may be formed by forming a layer by, for example, sput-
tering, and then patterning the layer by, for example, photo-
lithography.

The second electrode 63 may also be formed as a transpar-
ent electrode or a reflective electrode. When the second elec-
trode 63 is formed as a transparent electrode, the second
electrode 63 functions as a cathode. The transparent electrode
may be formed by depositing a metal having a low work
function, such as lithium (1), calcium (Ca), lithium fluoride/
calcium (LiF/Ca), lithium fluoride/aluminum (LiF/Al), alu-
minum (Al), silver (Ag), magnesium (Mg), or a compound
thereof, on a surface of the organic layer 62, and forming an
auxiliary electrode layer or a bus electrode line thereon from
1TO, 170, Zn0, In, 05, or the like. When the second electrode
63 is formed as a reflective electrode, a reflective layer may be
formed by depositing Li, Ca, LiF/Ca, LiF/Al, Al, Ag, Mg, or
a compound thereof on the organic layer 62. The second
electrode 63 may be formed according to the same deposition
method used to form the organic layer 62.

The organic layer deposition apparatuses according to the
above embodiments of the present invention may be applied
to form an organic or inorganic layer of an organic TFT, and
to form layers from various materials.

One or more embodiments of the present invention provide
an organic layer deposition apparatus that may further be
suitable for mass production of organic light emitting appa-
ratuses on large-size substrates, may enable high-precision
patterning, and may prevent interference between sensors of
first and second organic layer deposition units, a method of
manufacturing an organic light-emitting display apparatus
using the organic layer deposition apparatus, and an organic
light-emitting display apparatus manufactured using the
method.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
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therein without departing from the spirit and scope of the
present invention as defined by the following claims and their
equivalents.

What is claimed is:
1. A method of manufacturing an organic light-emitting
display apparatus by using an organic layer deposition appa-
ratus for forming an organic layer on a substrate, the method
comprising:
fixing the substrate to a transfer unit in a loading unit;
transferring the transfer unit to which the substrate is fixed
into a chamber by using a first conveyer unit configured
to pass through the chamber in a first direction;

forming the organic layer by depositing a deposition mate-
rial discharged from an organic layer deposition assem-
bly onto the substrate while relatively moving the sub-
strate with respect to the organic layer deposition
assembly in such a way that the organic layer deposition
assembly disposed inside the chamber is spaced from
the substrate at an interval;

separating the substrate on which deposition has been com-

pleted in an unloading unit from the transfer unit; and

transferring the transfer unit separated from the substrate to
the loading unit by using a second conveyer unit
arranged to pass through the chamber in a second direc-
tion opposite to the first direction,

wherein the organic layer deposition assembly comprises a

first organic layer deposition unit and a second organic

layer deposition unit,

wherein the first organic layer deposition unitis arranged in

such a way that a longitudinal direction of the first

organic layer deposition unit is parallel to a longitudinal
direction of the second organic layer deposition unit,

wherein each of the first and second organic layer deposi-
tion units comprises:

a deposition source for discharging a deposition mate-
rial;

a deposition source nozzle unit that is at one side of the
deposition source and at which one or more deposi-
tion source nozzles are formed;

a patterning slit sheet that is opposite to the deposition
source nozzle unit and in which one or more pattern-
ing slits are formed; and

first and second sensors that are at two ends of the
deposition source in a longitudinal direction of the
deposition source to face each other and measure an
amount of vaporization of the deposition material,

wherein the deposition material discharged from the depo-

sition source passes through the patterning slit sheet and
is deposited onto the substrate to form a pattern.

2. The method of claim 1, wherein a plurality of thin film
deposition assemblies is inside the chamber so that deposition
is sequentially performed on the substrate by the thin film
deposition assemblies.

3. The method of claim 1, wherein the transfer unit circu-
lates between the first conveyer unit and the second conveyer
unit.

4. The method of claim 1, wherein the first conveyer unit
and the second conveyer unit are arranged one on top of the
other, and are parallel to each other.

5. The method of claim 1, wherein the patterning slit sheet
of at least one of the organic layer deposition units is smaller
than the substrate in at least one of a length direction of the
substrate or a width direction perpendicular to the length
direction.

10

15

20

25

30

35

40

45

50

55

60

65

20

6. The method of claim 1, wherein the first organic layer
deposition unit is not located on a virtual extending line in the
longitudinal direction of the second organic layer deposition
unit.

7. The method of claim 1, wherein the first organic layer
deposition unit and the second organic layer deposition unit
are arranged not to be superposed with each other in the first
direction.

8. The method of claim 1, wherein the longitudinal direc-
tion of the deposition source of at least one of the organic
layer deposition units is perpendicular to the first direction.

9. The method of claim 1, wherein the deposition source of
at least one of the organic layer deposition units comprises:

at least one crucible located in the longitudinal direction of

the deposition source;

a heater that surrounds the crucible and heats the crucible;

and

a cooling housing surrounding the heater.

10. The method of claim 9, wherein the cooling housing is
configured to prevent heat generated by the heater from being
discharged out of the deposition source.

11. The method of claim 9, wherein the at least one crucible
comprises a first crucible and a second crucible, and the first
and second crucibles are inside the cooling housing.

12. The method of claim 11, wherein the first sensor of the
at least one of the organic layer deposition units is configured
to measure an amount of deposition material discharged from
the first crucible, and the second sensor of the at least one of
the organic layer deposition units is configured to measure an
amount of deposition material discharged from the second
crucible.

13. The method of claim 1, wherein the first conveyer unit
and the second conveyer unit are configured to pass through at
least one of the organic layer deposition units.

14. The method of claim 1, wherein the first conveyer unit
moves the transfer unit to the loading unit, at least one of the
organic layer deposition units, and the unloading unit in that
order.

15. The method of claim 1, wherein the second conveyer
unit is configured to move the transfer unit to the unloading
unit, at least one of the organic layer deposition units, and the
loading unit in that order.

16. The method of claim 1, wherein the patterning slit sheet
of the organic layer deposition assembly is smaller than the
substrate in at least one of the first direction or a third direc-
tion that is substantially perpendicular to the first direction.

17. The method of claim 1, wherein, in at least one of the
organic layer deposition units, a plurality of the deposition
source nozzles are formed in the deposition source nozzle
unit along a third direction that is substantially perpendicular
to the first direction, a plurality of the patterning slits are
formed in the patterning slit sheet along the third direction,
and

wherein the at least one of the organic layer deposition

units further comprises a blocking plate assembly com-
prising a plurality of first blocking plates that are
arranged along the third direction between the deposi-
tion source nozzle unit of the at least one of the organic
layer deposition units and the patterning slit sheet to
divide a space between the deposition source nozzle unit
and the patterning slit sheet into a plurality of deposition
spaces.

18. The method of claim 17, wherein each of the first
blocking plates extends in the first direction.

19. The method of claim 18, wherein the blocking plate
assembly comprises a first blocking plate assembly compris-
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ing the plurality of first blocking plates and a second blocking
plate assembly comprising a plurality of second blocking
plates.

20. The method of claim 19, wherein, in the at least one of
the organic layer deposition units, the first blocking plates and
the second blocking plates are arranged along the third direc-
tion that is substantially perpendicular to the first direction so
that the space between the deposition source nozzle unit and
the patterning slit sheet is divided into the plurality of depo-
sition spaces.

21. The method of claim 1, wherein, in at least one of the
organic layer deposition units, a plurality of the deposition
source nozzles are formed in the deposition source nozzle
unit along the first direction, and

wherein, in the at least one of the organic layer deposition

units, a plurality of the patterning slits are formed in the
patterning slit sheet in a third direction that is substan-
tially perpendicular to the first direction.

22. The method ofclaim 21, wherein the deposition source,
the deposition source nozzle unit, and the patterning slit sheet
of the at least one of the organic layer deposition units are
coupled to each other as one body by a connection member.

23. The method of claim 22, wherein the connection mem-
ber is configured to guide a transfer path of the deposition
material discharged from the at least one of the organic layer
deposition units.

24. The method of claim 23, wherein, in the at least one of
the organic layer deposition units, the connection member
seals a space between the deposition source, the deposition
source nozzle unit, and the patterning slit sheet.
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