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(7) ABSTRACT

An apparatus for monitoring deposition rate, an apparatus
including the same, for depositing an organic layer, a method
of monitoring deposition rate, and a method of manufacturing
an organic light emitting display apparatus using the same,
are provided. The deposition rate monitoring apparatus for
measuring deposition rate of a deposition material discharged
from a deposition source, includes: a light source for irradi-
ating light having a wavelength within a photoexcitation
bandwidth of the deposition material; a first optical system
for irradiating the light emitted from the light source toward
the discharged deposition material; a second optical system
for collecting the light emitted from the deposition material;
and a first light sensor for detecting the amount of the light
whichis emitted from the deposition material and collected in
the second optical systemn.
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APPARATUS FOR MONITORING
DEPOSITION RATE, APPARATUS PROVIDED
WITH THE SAME FOR DEPOSITING
ORGANIC LAYER, METHOD OF
MONITORING DEPOSITION RATE, AND
METHOD OF MANUFACTURING ORGANIC
LIGHT EMITTING DISPLAY APPARATUS
USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0072706, filed on
Jun. 24, 2013, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments of the present invention
relate to an apparatus for monitoring deposition rate, an appa-
ratus provided with the same, for depositing an organic layer,
a method of monitoring deposition rate, and a method of
manufacturing an organic light emitting display apparatus
using the same.

[0004] 2. Description of the Related Art

[0005] Among various display apparatuses, an organic
light-emitting display apparatus has wide viewing angles,
good contrast, and a fast response speed, and has gotten the
attention as a next generation display apparatus.

[0006] An organic light-emitting display apparatus
includes an intermediate layer between first and second elec-
trodes facing each other, and the intermediate layer includes
a light-emitting layer. In this regard, the electrodes and the
intermediate layer may be formed by various methods, for
example, an independent deposition method. In order to
manufacture an organic light-emitting display apparatus
using the independent deposition method, a fine metal mask
(FMM) having the same pattern as an organic layer or the like
to be formed is disposed closely contacting a surface of a
substrate on which the organic layer will be formed, and an
organic material is deposited to form an organic layer having
a predetermined pattern.

[0007] However, the method using such a fine metal mask
(FMM) has a limitation in that it is unsuitable for the manu-
facturing of alarge-sized organic light-emitting display appa-
ratus using a large-sized mother-glass. This is because the use
of a large-sized mask may cause a distortion phenomenon of
the mask due to the weight of the mask itself to thus generate
a pattern distortion. This is contrary to the current trends
requiring high definition patterns.

[0008] Moreover, since the procedures of aligning and
closely contacting the substrate and the fine metal mask,
performing a deposition, and separating the fine metal mask
from the substrate take much time, the manufacturing time is
long and the production yield may be low.

[0009] Information disclosed in this Background section
was already known to the inventors of the present invention
before achieving the present invention or is technical infor-
mation acquired in the process of achieving the present inven-
tion. Therefore, it may contain information that does not form
the prior art that is already known to a person of ordinary skill
in the art.
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SUMMARY

[0010] One or more embodiments of the present invention
include an apparatus for monitoring deposition rate that is
easy to manufacture, may be easily applied to a process for
mass production of a large-sized substrate, and enables a high
resolution patterning, an apparatus provided with the same,
for depositing an organic layer, a method of monitoring depo-
sition rate, and a method of manufacturing an organic light
emitting display apparatus using the same.

[0011] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
embodiments.

[0012] According to one or more embodiments of the
present invention, a deposition rate monitoring apparatus for
measuring deposition rate of a deposition material discharged
from a deposition source, includes: a light source configured
to irradiate light having a wavelength within a photoexcita-
tion bandwidth of the deposition material; a first optical sys-
tem configured to irradiate the light emitted from the light
source toward the discharged deposition material; a second
optical system configured to collect the light emitted from the
deposition material; and a first light sensor configured to
detect an amount of the light which is emitted from the depo-
sition material and collected in the second optical system.
[0013] The light source may selectively emit only the light
having a wavelength for exciting the deposition material.
[0014] The second optical system may detect an amount of
fluorescence which is irradiated to the deposition material by
the first optical system and is excited.

[0015] The first optical system may irradiate the light emit-
ted from the light source toward a deposition source nozzle
from which the deposition material is discharged.

[0016] The above deposition rate monitoring apparatus
may further include a second light sensor for measuring an
intensity of the light irradiated from the light source.

[0017] A signal detected by the first light sensor and a
signal detected by the second light sensor may be normalized.
[0018] The above deposition rate monitoring apparatus
may further include a third light sensor for detecting lights
other than fluorescence among the lights emitted from the
deposition material.

[0019] A signal detected by the third light sensor may be
subtracted from a signal detected by the first light sensor.
[0020] The first optical system may include: a lens; a pro-
tective window formed at one side of the lens to protect the
lens; and a heating member for heating the protective win-
dow.

[0021] The first optical system may include: a lens; a pro-
tective window formed at one side of the lens to protect the
lens; and a protective member formed extending from the
protective window toward the deposition source.

[0022] According to one or more embodiments of the
present invention, an organic layer deposition apparatus
includes: a conveyor unit including a moving unit configured
to attach a substrate thereto and to be movable together with
the attached substrate, a first transfer unit configured to trans-
fer the moving unit to which the substrate is attached in a first
direction, and a second transfer unit configured to transfer the
moving unit, which is separated from the substrate after
completion of deposition, in an opposite direction to the first
direction; and one or more organic layer deposition assem-
blies configured to deposit an organic layer on the substrate
attached to the moving unit, wherein each of the organic layer
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deposition assemblies includes: one or more deposition
sources configured to discharge a deposition material; adepo-
sition source nozzle part located at one side of the deposition
source and including one or more deposition source nozzles;
apatterning slit sheet facing the deposition source nozzle part
and having a plurality of patterning slits arranged along a
direction; and a deposition rate monitoring apparatus
described above, and wherein the moving unitis configured to
be circulated between the first transfer unit and the second
transfer unit, and the substrate attached to the moving unit is
spaced apart from the organic layer deposition assemblies
while the substrate is transferred by the first transfer unit.
[0023] According to one or more embodiments of the
present invention, a deposition rate monitoring method for
measuring a deposition rate of a deposition material dis-
charged from a deposition source, includes: emitting light
having a wavelength within a photoexcitation bandwidth of
the deposition material from a light source: irradiating the
light emitted from the light source toward the deposition
material discharged from the deposition source; and detecting
an amount of the light emitted from the deposition material
which is excited by the irradiated light.

[0024] The emitting of the light from the light source may
include selectively emitting only the light having a wave-
length for exciting the deposition material from the light
source.

[0025] The detecting of the light may include detecting an
amount of fluorescence emitted from the deposition material
which is excited by the irradiated light.

[0026] The emitting of the light from the light source may
further include measuring an intensity of the light irradiated
from the light source.

[0027] The above deposition rate monitoring method may
further include normalizing a signal detected in the detecting
of the amount of the light emitted from the deposition mate-
rial which is excited by the irradiated light, and a signal
detected in the measuring of an intensity of the light irradiated
from the light source.

[0028] The detecting of the amount of the light emitted
from the deposition material which is excited by the irradiated
light may further include detecting amounts of lights other
than fluorescence among the lights emitted from the deposi-
tion material.

[0029] The above deposition rate monitoring method may
further include subtracting the lights other than the fluores-
cence among the lights emitted from the deposition material
from the light emitted from the deposition material which is
excited by the irradiated light.

[0030] The above deposition rate monitoring method may
further include heating a first optical system which irradiates
the light emitted from the light source toward the deposition
material discharged from the deposition source.

[0031] According to one or more embodiments of the
present invention, a method of manufacturing an organic
light-emitting display apparatus using an organic layer depo-
sition apparatus to form an organic layer on a substrate,
includes: transferring, into a chamber, a moving unit to which
the substrate is attached, by using a first transfer unit passing
through the chamber; forming the organic layer by depositing
a deposition material discharged from an organic layer depo-
sition assembly on the substrate while the substrate is moved
relative to the organic layer deposition assembly with the
organic layer deposition assembly in the chamber being
spaced apart from the substrate; and returning the moving unit
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separated from the substrate using a second transfer unit
passing through the chamber, wherein the forming of the
organic layer includes: emitting light having a wavelength
within a photoexcitation bandwidth of the deposition material
from a light source; irradiating the light emitted from the light
source toward the deposition material discharged from the
deposition source; and detecting the light emitted from the
deposition material which is excited by the irradiated light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings of which:

[0033] FIG. 1 is a plan view of a system configuration
schematically illustrating an apparatus for depositing an
organic layer according to an embodiment of the present
invention;

[0034] FIG. 2 is a side view of a system configuration
schematically illustrating a deposition part of the organic
layer deposition apparatus of FIG. 1;

[0035] FIG. 3 is a perspective view schematically illustrat-
ing the deposition part of FIG. 1;

[0036] FIG. 4 is a schematic cross-sectional view of the
deposition part of F1G. 3;

[0037] FIG. 5 is a schematic view illustrating an embodi-
ment of a deposition rate monitoring apparatus 180, which
may be used in the deposition part 100 of FIG. 3;

[0038] FIG. 6 is a schematic view illustrating another
embodiment of the deposition rate monitoring apparatus 180,
which may be used in the deposition part 100 of FIG. 3;
[0039] FIG. 7 is a schematic view illustrating another
embodiment of the deposition rate monitoring apparatus 180,
which may be used in the deposition part 100 of FIG. 3;
[0040] FIG. 8 is a schematic view illustrating another
embodiment of the deposition rate monitoring apparatus 180,
which may be used in the deposition part 100 of FIG. 3;
[0041] FIG. 9 is a schematic view illustrating another
embodiment of the deposition rate monitoring apparatus 180,
which may be used in the deposition part 100 of FIG. 3;
[0042] FIG. 10 is a schematic view illustrating another
embodiment of the deposition rate monitoring apparatus 180,
which may be used in the deposition part 100 of FIG. 3; and
[0043] FIGS. 11 and 12 are graphs showing respective
deposition rates measured by a quartz crystal monitoring
(QCM) system, which is provided as a comparative example,
and a fluorescence measurement method according to
embodiments of the present invention.

DETAILED DESCRIPTION

[0044] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to the like
elements throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion.

[0045] In the following detailed description, reference is
made to the accompanying drawings that show, by way of
illustration, specific embodiments in which the present inven-
tion may be practiced. These embodiments are described in
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sufficient detail to enable those skilled in the art to practice the
present invention. It is to be understood that the various
embodiments, although different, are not necessarily mutu-
ally exclusive. For example, a particular feature, structure, or
characteristic described herein, in connection with one
embodiment, may be implemented within other embodi-
ments without departing from the spirit and scope of the
present invention. In addition, it is to be understood that the
location or arrangement of individual elements within each
disclosed embodiment may be modified without departing
from the spirit and scope of the claimed subject matter. The
following detailed description is, therefore, not to be taken in
a limiting sense, and the scope of the present invention is
defined by the appended claims, appropriately interpreted,
along with the full range of equivalents to which the appended
claims are entitled. In the drawings, like numerals refer to the
same or similar elements or functionality throughout the sev-
eral views.

[0046] Hereinafter, various embodiments of the present
invention will be described in detail with reference to the
accompanying drawings so as to enable those skilled in the art
to easily practice the present invention.

[0047] FIG. 1 is a plan view of a system configuration
schematically illustrating an apparatus for depositing an
organic layer according to an embodiment of the present
invention, and FIG. 2 is a side view of a system configuration
schematically illustrating a deposition part of the organic
layer deposition apparatus of FIG. 1.

[0048] Referringto FIGS.1and 2, an apparatus 1 for depos-
iting an organic layer according to an embodiment of the
present invention includes a deposition part 100, a loading
part 200, an unloading part 300, and a conveyer unit 400.
[0049] Theloading part200 may include a first rack 212, an
introducing room (e.g., a transport chamber or an insertion
chamber) 214, a first inverting room (e.g., a first inversion
chamber) 218, and a buffer chamber 219.

[0050] A plurality of substrates 2 before deposition are
stacked on the first rack 212, and an insertion robot (or a
transport robot) provided in the insertion chamber 214 holds
the substrate 2 from the first rack 212, loads the substrate 2 on
amoving unit 430 transferred from a second transfer unit 420,
and then moves the moving unit 430 on which the substrate 2
is placed to the first inversion chamber 218.

[0051] The first inversion chamber 218 is provided to be
adjacent to the insertion chamber 214, and a first inverting
robot positioned in the first inversion chamber 218 inverts the
moving unit 430 to equip the moving unit 430 in a first
transfer unit 410 of the deposition part 100.

[0052] As viewed from FIG. 1, the insertion robot of the
insertion chamber 214 loads the substrate 2 on a top surface of
the moving unit 430, the moving unit 430 moves to the inver-
sion chamber 218, and as the first inverting robot of the
inversion chamber 218 inverts the moving unit 430, the sub-
strate 2 in the deposition part 100 is positioned to face the
downward direction.

[0053] The unloading part 300 has an opposite configura-
tion to the above-described loading part 200. That is, a second
inverting robot of a second inversion chamber 328 inverts the
substrate 2 and the moving unit 430 that have passed through
the deposition part 100, transfers the substrate 2 and the
moving unit 430 to an extraction chamber 324, an extraction
robot takes out the substrate 2 and the moving unit 430 from
the extraction chamber 324, separates the substrate 2 from the
moving unit 430, and loads the separated substrate 2 on a
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second rack 322. The moving unit 430 separated from the
substrate 2 returns to the load part 200 through the second
transfer unit 420.

[0054] However, the present invention is not necessarily
limited thereto. For example, the substrate 2 may be fixed (or
attached) to a lower surface of the moving unit 430 when
being first fixed (or attached) to the moving unit 430 and
transferred to the deposition part 100. In this case, the first
inverting robot of the first inversion chamber 218 and the
second inverting robot of the second inversion chamber 328
are not necessary.

[0055] The deposition part 100 includes at least one depo-
sition chamber 101. According to an embodiment shown in
FIGS. 1 and 2, the deposition part 100 includes the chamber
101, and a plurality of organic layer deposition assemblies
100-1,100-2,...,and 100-11 are located in the chamber 101.
According to an embodiment shown in FIG. 1, while eleven
organic layer deposition assemblies, i.e., a first organic layer
deposition assembly 100-1, a second organic layer deposition
assembly 100-2, . .., and an eleventh organic layer deposition
assembly 100-11 areinstalled in the chamber 101, the number
of the organic layer deposition assemblies may be changed
according to the deposition material and deposition condi-
tion. The chamber 101 is maintained in vacuum while depo-
sition is performed.

[0056] Meanwhile, according to an embodiment of the
present invention shown in FIG. 1, the moving unit 430 to
which the substrate 2 is fixed (or attached) moves to at least
the deposition part 100, and for example, sequentially to the
loading part 200, the deposition part 100 and the unloading
part 300 by the first transfer unit 410, and the moving unit 430
which is separated from the substrate 2 at the unloading part
300 returns to the loading part 200 by the second transfer unit
420.

[0057] The first transfer unit 410 is provided to penetrate
the chamber 101 while passing through the deposition part
100, and the second transfer unit 420 is provided to transfer
the moving unit 430 separated from the substrate 2.

[0058] Since the organic layer deposition apparatus 1
according to an embodiment of the present invention is con-
figured such that the first transfer unit 410 and the second
transfer unit 420 are formed at upper and lower sides, respec-
tively, and the moving unit 430 completing a deposition while
passing through the first transfer unit 410 is separated from
the substrate 2 at the unloading part 300 and returns to the
loading part 200 through the second transfer unit 420 formed
thereunder, efficiency in use of space may be enhanced.
[0059] Meanwhile, the deposition part 100 shown in FIG. 1
may further include a deposition source replacement part 190
at one side of each of the organic layer deposition assemblies
100-1. Although not shown in detail in the drawings, the
deposition source replacement part 190 may be formed in a
cassette type so as to be withdrawn to an outside from each of
the organic layer deposition assemblies 100-1. Therefore, it
may be easy to replace a deposition source (see 110 of FIG. 3)
of the organic layer deposition assembly 100-1.

[0060] Meanwhile, it is shown in FIG. 1 that two sets of
organic layer deposition apparatuses each including the load-
ing part 200, the deposition part 100, the unloading part 300,
and the conveyor unit 400 are provided. That is, it may be
understood that in total two organic layer deposition appara-
tuses 1 are provided at an upper side and a lower side (for
example, in parallel or side-by-side) as can be seen in FIG. 1.
In this case, a patterning slit sheet replacement part 500 may
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be further provided between the two organic layer deposition
apparatuses 1. In other words, since the patterning slit sheet
replacement part 500 is provided between the two organic
layer deposition apparatuses 1 to allow the two organic layer
deposition apparatuses 1 to share the patterning slit sheet
replacement part 500, efficiency in use of space may be
enhanced, compared with a case in which each of the organic
layer deposition apparatuses has its own patterning slit sheet
replacement part 500.

[0061] FIG. 3 is a perspective view schematically illustrat-
ing the deposition part of FIG. 1, and FIG. 4 is a schematic
cross-sectional view of the deposition part of FIG. 3.

[0062] First, referring to FIGS. 3 and 4, the deposition part
100 of the organic layer deposition apparatus 1 according to
an embodiment of the present invention includes at least one
organic layer deposition assembly 100-1, and the conveyor
unit 400.

[0063] Hereinafter, the overall configuration of the deposi-
tion part 100 will be described.

[0064] The chamber 101 has a hollow box shape, and
receives (or accommodates) at least one organic layer depo-
sition assembly 100-1 and the conveyor unit 400 therein. As
described in another aspect, a foot 102 is formed such that the
chamber is fixed to the ground, a lower housing 103 is located
on the foot 102, and an upper housing 104 is located on the
lower housing 103. The chamber 101 is configured to receive
both of the lower housing 103 and the upper housing 104
therein. A connecting part between the lower housing 103 and
the chamber 101 is sealed such that an inside of the chamber
101 may be completely shielded from an outside. Thus, since
the lower housing 103 and the upper housing 104 are located
on the foot 102 fixed to the ground, the lower housing 103 and
the upper housing 104 may maintain fixed positions while the
chamber 101 repeats contraction/expansion, and thus the
lower housing 103 and the upper housing 104 function as a
reference frame within the deposition part 100.

[0065] Meanwhile, the organic layer deposition assembly
100-1 and the first transfer unit 410 of the conveyor unit 400
are located inside the upper housing 104, and the second
transfer unit 420 of the conveyor unit 400 is located inside the
lower housing 103. While the moving unit 430 moves repeat-
edly between the first transfer unit 410 and the second transfer
unit 420, successive deposition is performed.

[0066] Hereinafter, the configuration of the organic layer
deposition assembly 100-1 will be described in detail.
[0067] Each of the organic layer deposition assemblies
100-1 includes a deposition source 110, a deposition source
nozzle part 120, a patterning slit sheet 130, a shielding mem-
ber 140, a first stage 150, and a second stage 160. The depo-
sition part 100 of embodiments according to the present
invention may further include a deposition monitoring appa-
ratus (for example, see 180 of FIG. 5) for measuring deposi-
tion rate of a deposition material discharged from the depo-
sition source 110. The deposition rate monitoring apparatus
180 will be described in more detail later with reference to
FIG. 5.

[0068] Inexample embodiments, all the elements shown in
FIGS. 3 and 4 are located in the chamber 101 that maintains
a proper vacuum. This is to secure linearity of the deposition
material.

[0069] A substrate 2 on which the deposition material is
deposited is placed in (e.g., inserted into) the chamber 101.
The substrate 2 may be a substrate for flat panel display
apparatuses, for example, a large-sized substrate having a size
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of 40 inches or more, such as a mother glass that can be used
to form a plurality of flat panel display apparatuses.

[0070] Embodiments of the present invention are charac-
terized in that a deposition for the substrate 2 is performed
while the substrate 2 moves relative to the organic layer
deposition assembly 100-1.

[0071] Indetail, in a conventional fine metal mask (FMM)
deposition method, the size of the FMM be equal to that of the
substrate. Therefore, the increase in size of the substrate
requires the increase in size of the FMM, and thus it is not
easy to manufacture the FMM and it is also not easy to
engrave and align fine patterns on the FMM.

[0072] To solve such limitations, the organic layer deposi-
tion assembly 100-1 according to embodiments of the present
invention is characterized in that a deposition is performed
while the organic layer deposition assembly 100-1 and the
substrate 2 move relative to each other. In other words, suc-
cessive depositions are performed while the substrate 2 facing
the organic layer deposition assembly 100-1 moves along the
Y-axis direction. That is, the deposition is performed in a
scanning manner while the substrate 2 moves in the direction
of an arrow A of FIG. 3. Although it is shown that the depo-
sition is performed while the substrate 2 moves in the Y-axis
direction within the chamber (not shown), the spirit and scope
of the present invention is not limited thereto. The deposition
may be performed while the substrate 2 is fixed in location
and the organic layer deposition assembly 100-1 moves in the
Y-axis direction with respect to the substrate 2.

[0073] Accordingly, the patterning slit sheet 130 may be
made smaller in the organic layer deposition assembly 100-1
according to embodiments of the present invention than in the
existing FMM. That is, in the case of the organic layer depo-
sition assembly 100-1 according to embodiments of the
present invention, since the deposition is successively per-
formed in a scanning manner while the substrate 2 moves in
the Y-axis direction, the length of the patterning slit sheet 130
in at least one of the X-axis direction or the Y-axis direction
may be formed smaller (e.g., much smaller) than the respec-
tive width or length of the substrate 2. Thus, since the pat-
terning slit sheet 130 may be made smaller (e.g., much
smaller) than the existing FMM, the patterning slit sheet 130
according to embodiments of the present invention may be
easily manufactured. That is, in all processes including an
etching, a fine engraving and welding, and a moving and
cleaning of the patterning slit sheet 130, the patterning slit
sheet 130 having a smaller size is advantageous compared
with the FMM deposition method. Also, this is more advan-
tageous as the size of a display apparatus increases.

[0074] Thus, in order to perform a deposition while the
organic layer deposition assembly 100-1 and the substrate 2
move relative to each other, it is desirable that the organic
layer deposition assembly 100-1 is spaced apart (e.g., spaced
apart by a predetermined distance) from the substrate 2. This
matter will be described in detail later.

[0075] Meanwhile, the deposition source 110 in which the
deposition material 115 is received and heated is located at a
side facing the substrate 2 within the chamber. As the depo-
sition material 115 received in the deposition source 110 is
evaporated, deposition is performed on the substrate 2.

[0076] In detail, the deposition source 110 includes a cru-
cible 111 with which the deposition material 115 is filled
therein, and a heater 112 for heating the crucible 111 to
evaporate the deposition material 115 filled in the crucible
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111 toward one side of the crucible 111, in more detail,
toward the deposition source nozzle part 120.

[0077] The deposition source nozzle part 120 is located at
oneside ofthe deposition source 110, in detail, at a side facing
the substrate 2. In the organic layer deposition assembly
according to embodiments of the present invention, the depo-
sition source nozzle for depositing a common layer may be
different from the deposition source nozzle for depositing a
pattern layer.

[0078] The patterning slit sheet 130 1s provided between
the deposition source 110 and the substrate 2. The patterning
slit sheet 130 further includes a frame having a window frame
shape, and a plurality of patterning slits 131 formed (or
arranged) along the X-axis direction. The deposition material
115 which is evaporated from the deposition source 110
passes through the deposition source nozzle part 120 and the
patterning slit sheet 130 and is directed toward the substrate 2
thatis a deposition object (or a deposition target). At this time,
the patterning slit sheet 130 may be manufactured through an
etching that is the same as a process for manufacturing the
existing fine metal mask (FMM), especially, a stripe type
mask. In this regard, the total number of the patterning slits
131 may be more than the total number of the deposition
source nozzles 121. In the embodiment illustrated in FIGS. 3
and 4, the source nozzles 121 are arranged along the Y-axis as
a single row or column. In other embodiments, the source
nozzles may be arranged along the X-axis. Also in still other
embodiments, the source nozzles may be arranged along the
Y-axis, but may be arranged to form two or more rows or
columns.

[0079] The above-mentioned deposition source 110 (and
the deposition nozzle part 120 coupled thereto), and the pat-
terning slit sheet 130 may be spaced apart (e.g., spaced apart
by a predetermined distance) from each other.

[0080] As described above, the deposition is performed
while the organic layer deposition assembly 100-1 moves
relative to the substrate 2, and the patterning slit sheet 130 is
spaced apart (e.g., spaced apart by a predetermined distance)
from the substrate 2 such that the organic layer deposition
assembly 100-1 moves relative to the substrate 2.

[0081] In detail, in the existing FMM deposition method,
deposition is performed in a state that the mask is closely
contacted with the substrate in order to prevent a shadow from
being generated. However, in the case the mask is closely
contacted with the substrate as in the existing FMM deposi-
tion method, a failure may be generated due to contact
between the substrate and the mask. Also, since it fails to
move the mask with respect to the substrate, the mask and the
substrate should have the same size. According to the FMM
deposition method, while the increase in size of the display
apparatus requires the increase in size of the mask, it is not
easy to form a large-sized mask.

[0082] To solve such limitations, in the organic layer depo-
sition assembly 100-1 according to embodiments of the
present invention, the patterning slit sheet 130 is positioned
spaced apart (e.g., spaced apart by a predetermined distance)
from the substrate 2, which is a deposition object (or a depo-
sition target).

[0083] According to embodiments of the present invention,
since the mask is formed smaller than the substrate, and
deposition may be performed while the mask moves with
respect to the substrate, it is easy or relatively easy to manu-
facture the mask. Also, a failure due to contact between the
substrate and the mask may be prevented. Further, since the
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time taken in closely contacting the substrate and the mask in
a process is not required, the manufacturing speed may be
enhanced.

[0084] Next,a concrete arrangement of respective elements
in the upper housing 104 will be described.

[0085] First, the deposition source 110 and the deposition
source nozzle part 120 are located at a bottom of the upper
housing 104. Mounting parts 104-1 are formed protruding at
both sides of the deposition source 110 and the deposition
source nozzle part 120, and a first stage 150, a second stage
160, and the patterning slit sheet 130 are sequentially located
on the mounting parts 104-1.

[0086] The first stage 150 is formed so as to be movable in
the Y-axis direction and the X-axis direction and functions to
align the patterning slit sheet 130 in the X-axis direction and
the Y-axis direction. That is, the first stage 150 is provided
with a plurality of actuators to move in the X-axis direction
and the Y-axis direction.

[0087] Meanwhile, the second stage 160 is formed to be
movable in a Z-axis direction and functions to align the pat-
terning slit sheet 130 in the Z-axis direction. That is, the
second stage 160 is provided with a plurality of actuators to
move in the Z-axis direction with respect to the first stage 150.
[0088] Meanwhile, the patterning slit sheet 130 is located
on the second stage 160. Thus, since the patterning slit sheet
130 is located on the first stage 150 and the second stage 160
to be movable in the X -axis direction, the Y-axis direction and
the Z-axis direction, the alignment between the substrate 2
and the patterning slit sheet 130 may be performed.

[0089] Further, the upper housing 104, the first stage 150
and the second stage 160 may also function to guide a moving
path of a deposition material such that the deposition material
discharged through the deposition source nozzle 121 is not
dispersed. That is, the upper housing 104, the first stage 150,
and the second stage 160 may guide the movement of the
deposition material in the X-axis direction and the Y-axis
direction at the same time by closing the moving path of the
deposition material.

[0090] Meanwhile, the shielding member 140 may be fur-
ther provided between the patterning slit sheet 130 and the
deposition source 110. The shielding member 140 may func-
tion to shield the deposition material 115 discharged from the
deposition source 110.

[0091] Hereinafter, the conveyor unit 400 for transferring
the deposition object (or the deposition target), i.e., the sub-
strate 2 will be described in detail. Referring to FIGS. 3 and 4,
the conveyor unit 400 includes the first transfer unit 410, the
second transfer unit 420, and the moving unit 430.

[0092] The first transfer unit 410 functions to transfer the
moving unit 430 including a carrier 431 and an electro static
chuck 432 coupled to the carrier 431, and the substrate 2
attached on the moving unit 430, in in-line such that an
organic layer may be deposited on the substrate 2 by the
organic layer deposition assembly 100-1.

[0093] The second transfer unit 420 functions to return the
moving unit 430 that has completed one time deposition and
is separated from the substrate 2 at the unloading part 300, to
the loading part 200. The second transfer unit 420 includes a
coil 421, a roller guide 422, and a charging track 423.
[0094] The moving unit 430 includes the carrier 431 mov-
ing along the first transfer unit 410 and the second transfer
unit 420, and the electro static chuck 432 coupled to one
surface of the carrier 431, and on which the substrate 2 is
attached.
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[0095] Hereinafter, respective elements constituting the
conveyor unit 400 will be described in more detail.

[0096] First, the carrier 431 of the moving unit 430 will be
described in more detail.

[0097] The carrier 431 includes a main body 431a, a linear
motion system (LMS) magnet (e.g., a magnetic rail) 4315, a
contactless power supply (CPS) module 431¢, a power supply
431d, and a guide groove 431e. The carrier 431f may also
include cam followers 431fas shown in FIG. 4.

[0098] Themainbody 431a constitutes a bottom portion of
the carrier 431 and may be formed of a magnetic material,
such as iron. The carrier 431 may maintain a state spaced
apart (e.g., spaced apart by a predetermined distance) from
the guide part 412 by a magnetic force between the main body
431a of the carrier 431 and a magnetic levitation bearing (not
shown).

[0099] The guide groove 431e may be formed at both sides
of the main body 431a, and a guide protrusion of the guide
part 412 may be received in the guide groove 431e.

[0100] The magnetic rail 4315 may be formed along a
center line of the main body 431a in the progressing direction
of the main body 431a. The magnetic rail 4315 of the main
body 431a may be coupled to a coil 411 to be described later
to constitute a linear motor, and the carrier 431 may be trans-
ferred in the A-direction shown in FIG. 3 by the linear motor.
[0101] The CPS module 431¢ and the power supply 4314
may be formed at opposite sides of the magnetic rail 4315 in
the main body 431a. In one embodiment, the power supply
431d may be a charging battery for providing power to the
electro static chuck 432 such that the electro static chuck 432
may chuck (or hold) and maintain the substrate 2, and the CPS
module 431¢ may be a wireless charging module for charging
the power supply 431d. The charging track 423 formed in the
second transfer unit 420 to be described in detail later is
coupled (e.g., connected) to an inverter (not shown) such that
power is supplied to the CPS module 431¢ due to a magnetic
field formed between the charging track 423 and the CPS
module 431¢ while the carrier 431 is transferred within the
second transfer unit 420. The power supplied to the CPS
module 431¢ charges the power supply 4314.

[0102] Meanwhile, the electro static chuck 432 is config-
ured to include a main body formed of ceramics, and an
electrode buried in the main body and to which power is
applied, and allows the substrate 2 to be mounted on (e.g.,
attached to) a surface of the main body when a high voltage is
applied to the electrode.

[0103] Next, operations of the moving unit 430 will be
described in detail.

[0104] The magnetic rail 4315 of the main body 4314 and
the coil 411 may be coupled to each other to constitute a
driving part. The driving part may be a linear motor. The
linear motor has a smaller friction coefficient than an existing
sliding guidance system and has a high positioning accuracy
(e.g., avery high positioning accuracy) since it generates little
or substantially no position error. As described above, the
linear motor may include the coil 411 and the magnetic rail
431b, in which the magnetic rail 4315 is arranged in a line on
the carrier 431, and the plurality of coils may be located (e.g.,
located at a predetermined interval) at one side within the
chamber 101 so as to face the magnetic rail 4315. Thus, since
the magnetic rail 4315 instead of the coil 411 is located in the
carrier 431 that is a moving object, the carrier 431 may be
driven although power is not applied thereto. In example
embodiments, the coil 411 is formed in an atmosphere (ATM)
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box and installed in an atmospheric state, and the magnetic
rail 4315 is attached to the carrier 431 such that the carrier 431
travels in the chamber 101 in vacuum.

[0105] Meanwhile, the organic layer deposition assembly
100-1 of the organic layer deposition apparatus according to
an embodiment of the present invention may be further pro-
vided with a camera (or cameras) 170 for alignment. In detail,
the camera (or cameras) 170 may align a mark formed on the
pattern slit sheet 130 with a mark formed on the substrate 2 in
real time. The camera (or cameras) 170 is provided so as to
secure a smooth view within the vacuum chamber 101 in
which deposition is in progress. For this, the camera (or
cameras) 170 may be located in a camera receiving part 171
and installed in the atmospheric state.

[0106] Hereinafter, a deposition rate monitoring apparatus
180 of the organic layer deposition apparatus 1 according to
an embodiment of the present invention will be described in
more detail.

[0107] FIG. 5 is a schematic view illustrating an embodi-
ment of the deposition rate monitoring apparatus 180, which
may be used in and with the deposition unit 100 of FIG. 3.
[0108] Referring to FIG. 5, the deposition rate monitoring
apparatus 180 includes a light source 181, a first optical
system 182, a second optical system 183, and a first light
sensor 184. The deposition rate monitoring apparatus 180 of
the organic layer deposition apparatus 1 according to an
embodiment of the present invention is characterized by
monitoring the deposition rate of the deposition material (see
for example, the deposition material 115 of FIG. 3) that is a
fluorescent material, using a fluorescence measuring method
at one side of the deposition source (see for example, the
deposition source 110 of FIG. 3) and the deposition source
nozzle part 120,

[0109] Forexample, the properties of an organic light-emit-
ting apparatus considerably depend on the thickness of a
deposited organic material. Therefore, according to embodi-
ments of the present invention, in order to manufacture an
organic light-emitting display apparatus having superior
quality, a work of measuring the deposition rate of the depo-
sition material and correcting the measured deposition rate is
used. An existing method of monitoring the deposition rate of
a deposition material includes depositing an organic material
on a substrate on which an organic material is not deposited,
at a constant deposition rate, measuring the thickness of the
organic material deposited on the substrate using an analysis
tool, such as an ellipsometer capable of measuring the thick-
ness of a deposited material, changing a tooling factor (T/F)
of the organic material or adjusting the deposition rate using
the measured thickness to deposit the organic material at a
desired target thickness.

[0110] When the organic material deposited on the sub-
strate is monitored using such an existing method, the mea-
surement of the deposition rate of the organic material may be
affected (e.g., seriously affected) by the inner temperature of
the organic layer deposition apparatus. For example, when
the inner temperature of the organic layer deposition appara-
tus rises 10%, an error indicated as the deposition rate mea-
sured by the deposition rate monitoring apparatus rising
100% may be generated.

[0111] To solve such limitations, the deposition rate moni-
toring apparatus 180 of the organic layer deposition apparatus
according to an embodiment of the present invention is char-
acterized by monitoring the deposition rate of the deposition
material (see for example, the deposition material 115 of FIG.
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3) that is a fluorescent material, using a fluorescence measur-
ing method, to thus implement a monitoring system that is not
affected (or substantially not affected) by temperature, and
detailed description of such features will be made hereinbe-
low.

[0112] Again referring to FIG. 5, the deposition rate moni-
toring apparatus 180 includes the light source 181, the first
optical system 182, the second optical system 183, and the
first light sensor 184.

[0113] The light source 181 irradiates light having a wave-
length within a photoexcitation bandwidth of the deposition
material (see for example, the deposition material 115 of FIG.
3). While the light source 181 may be a broadband light
source, the wavelength of light irradiated from the light
source 181 should be within the photoexcitation bandwidth of
the deposition material. The irradiation band of the light
source 181 may be limited by an optical filter.

[0114] The first optical system 182 may include excitation
light delivery optics. The first optical system 182 may func-
tion to collect light irradiated from the light source within a
testing volume of one side of the deposition source nozzle 121
on which the deposition material is concentrated. The first
optical system 182 may include a projection lens, and an
optical fiber or an optical window ofthe vacuum chamber. For
more efficient photoexcitation of the deposition material, in
example embodiments, the first optical system 182 concen-
trates light in a small volume.

[0115] As shown in FIG. 5, light irradiated from the light
source 181 is concentrated by the first optical system 182 on
the deposition source nozzle 121 of the deposition source
nozzle part 120 where the deposition material (see for
example, the deposition material 115 of FIG. 3) is concentra-
tively distributed.

[0116] The second optical system 183 functions to collect
light irradiated from the testing volume and concentrate the
collected light on the first light sensor 184. At this time, light
transmission may be assisted by an optical fiber.

[0117] The first light sensor 184 functions to detect the
amount of fluorescence irradiated from the excited deposition
material.

[0118] A method of measuring the deposition rate of a
deposition material using the deposition rate monitoring
apparatus 180 of the organic layer deposition apparatus 1
according to an embodiment of the present invention will now
be described.

[0119] The deposition rate monitoring apparatus 180 col-
lects light irradiated from the light source 181 around the
deposition source nozzle 121 of the deposition source nozzle
part 120 where the deposition material (see for example, the
deposition material 115 of FIG. 3) is concentratively distrib-
uted, through the first optical system 182. Meanwhile, most of
organic materials used in OLEDs have high fluorescence
under UV light excitation. Therefore, in example embodi-
ments, the light source 181 strongly irradiates UV spectrum
light. As such a light source, there may be used a typical UV
lamp or an LED which is developed in these days.

[0120] Meanwhile, light irradiated from the light source
181 is concentrated around the deposition source nozzle 121
of the deposition source nozzle part 120 where the deposition
material (see for example, the deposition material 115 of FIG.
3) is concentratively distributed, by the projection lens (e.g.,
a focusing lens) of the first optical system 182. Light trans-
mission within the vacuum chamber (see 101 of FIG. 3) may
be assisted by an optical fiber.
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[0121] The flow of molecules constituting the deposition
material (see for example, the deposition material 115 of FIG.
3) may allow light (fluorescence) to be irradiated by UV light
excitation. The amount of irradiated fluorescence is propor-
tional to concentration of molecules within the excited vol-
ume, efficiency of fluorescence (depending on (e.g., only on)
internal characteristics of the deposition material), and inten-
sity of excitation light. At this time, while dependency of
excitation light on the intensity may be non-linear under a
very strong light intensity that may be accomplished by (e.g.,
only by) a high power pulse laser, according to embodiments
of the present invention, a low power light source is used.
[0122] Since the deposition rate is proportional to a product
of concentration of molecules and flow rate of the molecules,
the amount of fluorescence may be expressed by the follow-
ing equation 1.

Equation 1

Rdepoxi tionrate

& VAT

[0123] where T is temperature of the deposition material.
[0124] Then, in most cases, since the temperature of the
deposition source (see 110 of FIG. 3) is not greatly changed,
Equation 1 may be simplified as Equation 2.

Riepositionrate Equation 2
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[0125] For example, since the temperature rise of 10° C.
causes only a variation of 0.8% in flow rate of molecules, the
above-mentioned simplicity (e.g., approximation) is reason-
able.

[0126] Meanwhile, the light irradiated from the deposition
material is collected by the second optical system 183 and is
concentrated on the first light sensor 184. At this time, as
shown in FIG. 5, the light irradiated from the deposition
material may be concentrated on the optical fiber coupled
(e.g., connected) to the first light sensor 184. In this regard,
since the wavelength of fluorescence is different from that of
the excitation light (i.e., the wavelength of fluorescence is
shorter than that of the excitation light), it is possible to
separate excitation light from the emitted fluorescence.
[0127] According to embodiments of the present invention,
a monitoring system which is not affected by temperature
may be realized by monitoring the deposition rate of the
deposition material (see for example, the deposition material
115 of FIG. 3) that is a fluorescent material, using a fluores-
cence measuring method.

[0128] Hereinafter, a deposition rate monitoring apparatus
180a of the organic layer deposition apparatus 1 according to
another embodiment of the present invention will be
described in more detail.

[0129] FIG. 6 is a schematic view illustrating another
embodiment of the deposition rate monitoring apparatus
180a, which may be used in and with the deposition unit 100
of FIG. 3. Referring to FIG. 6, the deposition rate monitoring
apparatus 180a includes a light source 181, a first optical
system 182, a second optical system 183, and a first light
sensor 184. Compared with the deposition rate monitoring
apparatus in the previous embodiment shown in FIG. 5, the
deposition rate monitoring apparatus 180a according to
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another embodiment of the present invention is characterized
by further including a second light sensor 185.

[0130] The second light sensor 185 plays a role as an addi-
tional light sensor for measuring the intensity of light irradi-
ated from the light source 181 and at the same time may
transmit the measured intensity of light to a controller (e.g., a
computer). Therefore, in this embodiment, it is possible to
compensate for a change in intensity of light or a decrease in
output of the light source by normalizing a signal received by
the first light sensor 184 and a signal received by the second
light sensor 185.

[0131] Hereinafter, a deposition rate monitoring apparatus
1805 of the organic layer deposition apparatus 1 according to
another embodiment of the present invention will be
described in more detail.

[0132] FIG. 7 is a schematic view illustrating another
embodiment of the deposition rate monitoring apparatus
1805, which may be used in and with the deposition unit 100
of FIG. 3. Referring to FIG. 7, the deposition rate monitoring
apparatus 1804 includes a light source 181, a first optical
system 182, a second optical system 183, and a first light
sensor 184. Compared with the deposition rate monitoring
apparatus in the previous embodiment shown in FIG. 5, the
deposition rate monitoring apparatus 1805 according to the
present embodiment is characterized by further including a
third light sensor 186.

[0133] The third light sensor 186 may play a role as an
additional light sensor for detecting lights other than the
fluorescence emitted from the deposition material. Therefore,
in order to detect a pure signal for only the fluorescence
emitted from the deposition material, it is necessary to sub-
tract a signal detected by the third light sensor 186 from a
signal detected by the first light sensor 184. This is because
the first light sensor 184 may detect other lights as well as the
fluorescence emitted from the deposition material.

[0134] Hereinafter, a deposition rate monitoring apparatus
180c of the organic layer deposition apparatus 1 according to
another embodiment of the present invention will be
described in more detail.

[0135] FIG. 8 is a schematic view illustrating another
embodiment of the deposition rate monitoring apparatus
180c, which may be used in and with the deposition unit 100
of FIG. 3. Referring to FIG. 8, the deposition rate monitoring
apparatus 180c according to the present embodiment includes
a light source (see for example, 181 of FIG. 5), a first optical
system (see for example, 182 of FIG. 5), a second optical
system (see for example, 183 of FIG. 5), and a first light
sensor (see for example, 184 of FIG. 5). The first optical
system (see for example, 182 of FIG. 5) may include a lens
182-1, and a protective window 182-2, and the protective
window 182-2 may be formed with a heating member 182-3.
[0136] In detail, as the measurement of the deposition rate
of the deposition material progresses, the deposition material
may be slowly deposited in the first optical system (see for
example, 182 of FIG. 5) to cause limitations (e.g., serious
limitations). That is, in the case the deposition material is
deposited in the first optical (see for example, 182 of FIG. 5),
the first optical system may hinder transmission of light emit-
ted from the first optical system and has an influence on the
wavelength of emitted light, and these behaviors may be more
serious under a high deposition rate.

[0137] To solve such limitations, compared with the depo-
sition rate monitoring apparatus in the previous embodiment
shown in FIG. 5, the deposition rate monitoring apparatus
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180c according to the present embodiment is characterized by
further including the heating member 182-3. That is, the
heating member 182-3 is formed at one side of the protective
window 182-2 of the first optical system (see for example,
182 of FIG. 5) to heat the protective window 182-2 to a
temperature above the sublimation temperature of the depo-
sition material so that the deposition material deposited on the
protective window 182-2 is sublimated and delaminated to
prevent the deposition material from being deposited on the
first optical system (see for example, 182 of FIG. 5).

[0138] A nichrome wire or the like may be used as the
heating member 182-3, and is heated when current flows
therethrough. For this, the protective window 182-2 may be
formed of a high thermal conductivity material.

[0139] Hereinafter, a deposition rate monitoring apparatus
1804 of the organic layer deposition apparatus 1 according to
another embodiment of the present invention will be
described in more detail.

[0140] FIG. 9 is a schematic view illustrating another
embodiment of the deposition rate monitoring apparatus
1804, which may be used in and with the deposition unit 100
of FIG. 3. Referring to FIG. 9, the deposition rate monitoring
apparatus 1804 according to the present embodiment
includes a light source (see for example, 181 of FIG. 5), a first
optical system (see for example, 182 of FIG. 5), a second
optical system (see for example, 183 of FIG. 5), and a first
light sensor (see for example, 184 of FIG. 5). The first optical
system (see for example, 182 of FIG. 5) may include a lens
182-1, and a protective window 182-2, and the protective
window 182-2 may be further formed with a cylindrical pro-
tective member 182-4.

[0141] That is, in order to prevent the deposition material
from being deposited on the first optical system (see for
example, 182 of FIG. 5), compared with the deposition rate
monitoring apparatus in the previous embodiment shown in
FIG. 5, the deposition rate monitoring apparatus 1804 accord-
ing to the present embodiment is characterized by further
including the protective member 182-4. That is, the protective
member 182-4 is formed at one side of the protective window
182-2 of'the first optical system (see for example, 182 of FIG.
5) to prevent the deposition material 115 discharged from the
deposition source 110 from linearly moving toward the pro-
tective window 182-2 and being deposited. In detail, since
deposition molecules ballistically move within a mean free
path under a high vacuum, the protective member 182-4 hav-
ing a long cylindrical shape may be formed at one side of the
protective window 182-2 to effectively prevent the deposition
material from being deposited on the first optical system (see
for example, 182 of F1G. 5).

[0142] While FIG. 9 shows that the protective member
182-4 is formed in a cylindrical shape, the spirit and scope of
the present invention is not limited thereto, and the protective
member 182-4 may be formed in various shapes that may
prevent the deposition material from being deposited on the
protective window 182-2.

[0143] Hereinafter, a deposition rate monitoring apparatus
180e of the organic layer deposition apparatus 1 according to
another embodiment of the present invention will be
described in more detail.

[0144] FIG. 10 is a schematic view illustrating another
embodiment of the deposition rate monitoring apparatus
180e, which may be used in and with the deposition unit 100
of FIG. 3. Referring to FIG. 10, the deposition rate monitoring
apparatus 180e according to the present embodiment includes
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a light source (see for example, 181 of FIG. 5), a first optical
system (see for example, 182 of FIG. 5), a second optical
system (see for example, 183 of FIG. 5), and a first light
sensor (see for example, 184 of FIG. 5). The first optical
system (see for example, 182 of FIG. 5) may include a lens
182-1, and a protective window 182-2.

[0145] Thepresentembodiment is characterized by consid-
ering and evaluating attenuation of an optical signal caused
by the deposition material deposited on the first optical sys-
tem (see for example, 182 of FIG. 5) instead of preventing the
deposition material from being deposited on the first optical
system (see for example, 182 of FIG. 5). That is, an optical
signal measured by the first light sensor (see for example, 184
of FIG. 5) is multiplied by a proper correction coefficient to
evaluate the attenuation of the optical signal. The correction
coefficient may be determined by measuring an optical signal
when the protective window 182-2 exists and an optical signal
when the protective window 182-2 does not exist. A ratio of
the optical signals corresponding to the correction coefficient
may specify an optical loss due to the protective window
182-2.

[0146] FIG. 11 is a graph showing deposition rates mea-
sured by an existing quartz crystal monitoring (QCM) sys-
tem, which is provided as a comparative example, and a
fluorescence measurement method of the present invention.
In FIG. 11, the horizontal axis indicates time flow and the
vertical axis indicates deposition rate. Referring to FIG. 11,
since the QCM system is positioned outside the flow of the
deposition material and simply measures only distributed
molecules, the deposition rate may be excessively measured,
which becomes serious particularly when the concentration
of the molecules is high.

[0147] FIG. 12 is a graph showing deposition rates mea-
sured by an existing quartz crystal monitoring (QCM) sys-
tem, which is provided as a comparative example, and a
fluorescence measurement method of the present invention.
In FIG. 12, the horizontal axis indicates the amount (atomic
unit: a.u.) of the deposition material that is a fluorescent
material, and the vertical axis indicates deposition rate. As
seen from FIG. 12, since the measurement by the QCM is
non-linear, and the QCM system is positioned outside the
flow of the deposition material and simply measures only
dispersed molecules, the deposition rate may be excessively
measured.

[0148] According to embodiments of the present invention,
the deposition rate of an organic deposition material may be
monitored in real time within a response time range of not
more than 100 ms. Also, embodiments of the present inven-
tion enable to measure a high sensitivity deposition rate not
more than 0.005 A/sec. Further, since the upper limit of the
measurable deposition rate is limited only by contamination
of the protective window, a wide range of deposition mea-
surement will be possible. Furthermore, it is possible to mea-
sure the deposition rate only with respect to a specific type of
deposition material, and effects in which the measurement of
the deposition rate does not depend on the inner pressure of
the vacuum chamber or vapor pressure may be obtained.
Moreover, since the measurement of the deposition rate is
performed in a non-contact type, an effect in which contact
time increases may be obtained.

[0149] As described above, according to the one or more of
the above embodiments of the present invention, an apparatus
for monitoring deposition rate, an apparatus for depositing an
organic layer and having the monitoring apparatus, a method
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of monitoring deposition rate, and a method of manufacturing
an organic light-emitting display device using the same that
are suitable fora mass production process of a large-sized
substrate and enable a high resolution patterning may be
realized.

[0150] Although the present invention has been described
with reference to limited example embodiments thereof, it
will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the present
invention. Also, although not described, it should be under-
stood that equivalent methods and apparatuses are also
embraced as it is in the present invention. Therefore, the true
scope of protection of the present invention is defined by the
appended claims and their equivalents.

What is claimed is:

1. A deposition rate monitoring apparatus for measuring
deposition rate of a deposition material discharged from a
deposition source, comprising:

a light source configured to irradiate light having a wave-
length within a photoexcitation bandwidth of the depo-
sition material;

a first optical system configured to irradiate the light emit-
ted from the light source toward the discharged deposi-
tion material,

a second optical system configured to collect the light
emitted from the deposition material; and

a first light sensor configured to detect an amount of the
light which is emitted from the deposition material and
collected in the second optical system.

2. The deposition rate monitoring apparatus of claim 1,
wherein the light source is configured to selectively emit only
the light having a wavelength for exciting the deposition
material.

3. The deposition rate monitoring apparatus of claim 1,
wherein the second optical system is configured to detect an
amount of fluorescence which is irradiated to the deposition
material by the first optical system and is excited.

4. The deposition rate monitoring apparatus of claim 1,
wherein the first optical system is configured to irradiate the
light emitted from the light source toward a deposition source
nozzle from which the deposition material is discharged.

5. The deposition rate monitoring apparatus of claim 1,
further comprising a second light sensor configured to mea-
sure an intensity of the light irradiated from the light source.

6. The deposition rate monitoring apparatus of claim 5,
wherein the deposition rate monitoring apparatus is config-
ured to normalize a signal detected by the first light sensor and
a signal detected by the second light sensor.

7. The deposition rate monitoring apparatus of claim 1,
further comprising a third light sensor configured to detect
lights other than fluorescence among the lights emitted from
the deposition material.

8. The deposition rate monitoring apparatus of claim 7,
wherein the deposition rate monitoring apparatus is config-
ured to subtract a signal detected by the third light sensor from
a signal detected by the first light sensor.

9. The deposition rate monitoring apparatus of claim 1,
wherein the first optical system comprises:

alens;

a protective window at one side of the lens to protect the
lens; and

a heating member configured to heat the protective win-
dow.
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10. The deposition rate monitoring apparatus of claim 1,
wherein the first optical system comprises:

alens;

a protective window at one side of the lens to protect the
lens; and

aprotective member extending from the protective window
toward the deposition source.

11. An organic layer deposition apparatus comprising:

a conveyer unit comprising a moving unit configured to
attach a substrate thereto and to be movable together
with the attached substrate, a first transfer unit config-
ured to transfer the moving unit to which the substrate is
attached in a first direction, and a second transfer unit
configured to transfer the moving unit, which is sepa-
rated from the substrate after completion of deposition,
in an opposite direction to the first direction; and

one or more organic layer deposition assemblies config-
ured to deposit an organic layer on the substrate attached
to the moving unit,

wherein each of the organic layer deposition assemblies
comprises:
one or more deposition sources configured to discharge

a deposition material;

a deposition source nozzle part at one side of the depo-
sition source and comprising one or more deposition
source nozzles;

a patterning slit sheet facing the deposition source
nozzle part and having a plurality of patterning slits
arranged in a direction; and

a deposition rate monitoring apparatus of claim 1, and

wherein the moving unit is configured to be circulated
between the first transfer unit and the second transfer
unit, and the substrate attached to the moving unit is
spaced apart from the organic layer deposition assem-
blies while the substrate is transferred by the first trans-
fer unit.

12. A deposition rate monitoring method for measuring a
deposition rate of a deposition material discharged from a
deposition source, the method comprising:

emitting light having a wavelength within a photoexcita-
tion bandwidth of the deposition material from a light
source;

irradiating the light emitted from the light source toward
the deposition material discharged from the deposition
source; and

detecting an amount of the light emitted from the deposi-
tion material which is excited by the irradiated light.

13. The deposition rate monitoring method of claim 12,
wherein the emitting of the light from the light source com-
prises selectively emitting only the light having a wavelength
for exciting the deposition material from the light source.

14. The deposition rate monitoring method of claim 12,
wherein the detecting of the light comprises detecting an
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amount of fluorescence emitted from the deposition material
which is excited by the irradiated light.

15. The deposition rate monitoring method of claim 12,
wherein the emitting of the light from the light source further
comprises measuring an intensity of the light irradiated from
the light source.

16. The deposition rate monitoring method of claim 15,
further comprising normalizing a signal detected in the
detecting of the amount of the light emitted from the deposi-
tion material which is excited by the irradiated light using a
signal detected in the measuring of an intensity of the light
irradiated from the light source.

17. The deposition rate monitoring method of claim 12,
wherein the detecting of the amount of the light emitted from
the deposition material which is excited by the irradiated light
further comprises detecting amounts of lights other than fluo-
rescence among the lights emitted from the deposition mate-
rial.

18. The deposition rate monitoring method of claim 17,
further comprising subtracting the lights other than the fluo-
rescence among the lights emitted from the deposition mate-
rial from the light emitted from the deposition material which
is excited by the irradiated light.

19. The deposition rate monitoring method of claim 12,
further comprising heating a first optical system which irra-
diates the light emitted from the light source toward the
deposition material discharged from the deposition source.

20. A method of manufacturing an organic light-emitting
display apparatus using an organic layer deposition apparatus
to form an organic layer on a substrate, the method compris-
ing:

transferring, into a chamber, a moving unit on which the

substrate is attached, by using a first transfer unit passing
through the chamber;

forming the organic layer by depositing a deposition mate-

rial discharged from an organic layer deposition assem-
bly on the substrate while the substrate is moved relative
to the organic layer deposition assembly with the
organic layer deposition assembly in the chamber being
spaced apart from the substrate; and

returning the moving unit separated from the substrate

using a second transfer unit passing through the cham-
ber,

wherein the forming of the organic layer comprises:

emitting light having a wavelength within a photoexci-
tation bandwidth of the deposition material from a
light source;

irradiating the light emitted from the light source toward
the deposition material discharged from the deposi-
tion source; and

detecting the light emitted from the deposition material
which is excited by the irradiated light.
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