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APPARATUS FOR FORMING THIN LAYER,
METHOD OF MANUFACTURING ORGANIC
LIGHT-EMITTING DISPLAY APPARATUS
USING THE SAME AND ORGANIC
LIGHT-EMITTING DISPLAY APPARATUS
MANUFACTURED USING THE METHOD

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2010-0104738, filed on
Oct. 26, 2010, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more aspects of the present invention relate
to an apparatus for forming a thin layer, a method of manu-
facturing an organic light-emitting display apparatus by using
the apparatus, and an organic light-emitting display apparatus
manufactured using the method, and more particularly, to an
apparatus for forming a thin layer that may be simply applied
to produce large substrates on a mass scale, a method of
manufacturing an organic light-emitting display apparatus by
using the apparatus, and an organic light-emitting display
apparatus manufactured using the method.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting display apparatuses have
larger viewing angles, better contrast characteristics, and
faster response speeds than other display devices, and thus
have drawn attention as a next-generation display device.
[0006] In general, organic light-emitting display appara-
tuses have a stacked structure including an anode, a cathode,
and an emission layer interposed between the anode and the
cathode, and the organic light-emitting display apparatuses
display images in color when holes and electrons (injected
respectively from the anode and the cathode) are recombined
in the emission layer to thus emit light. However, it is difficult
to achieve high light-emission efficiency with such a struc-
ture, and thus intermediate layers, including an electron injec-
tion layer, an electron transport layer, a hole transport layer, a
hole injection layer, etc., are optionally additionally inter-
posed between the emission layer and each of the electrodes.
[0007] In other words, an organic light-emitting display
apparatus includes intermediate layers, including an emission
layer disposed between an anode and a cathode that are
arranged to face (arranged opposite to) each other. The anode,
the cathode, and the intermediate layers may be formed using
various suitable methods, one of which is a deposition
method. When an organic light-emitting display apparatus is
manufactured using the deposition method, a fine metal mask
(FMM) having the same pattern as a thin film to be formed is
disposed to closely contact a substrate, and a thin film mate-
rial is deposited over the FMM in order to form the thin film
having the desired pattern.

[0008] When the intermediate layers, including the emis-
sion layer, are formed using the deposition method, the FMM
for forming an organic thin film pattern on a large substrate,
such as a mother glass having a fifth generation (5G) size
(1100x1300 mm) or more, cannot be substantially manufac-
tured, material efficiency is very low, and/or vacuum equip-
ment needs to be provided on a mass scale thus increasing
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investment costs. As such, alternatives, for manufacturing a
large-size organic light-emitting display apparatus, are
needed.

SUMMARY

[0009] Aspects of embodiments of the present invention are
directed toward an apparatus for forming a thin layer that may
be simply applied to produce large substrates on a mass scale
and improve a manufacturing vield, a method of manufactur-
ing an organic light-emitting display apparatus by using the
apparatus, and an organic light-emitting display apparatus
manufactured using the method.

[0010] According to an embodiment of the present inven-
tion, there is provided an apparatus for forming a thin layer on
a substrate, the apparatus including a plurality of nozzle
assemblies, wherein each of the plurality of nozzle assem-
blies includes: a container portion accommodating a thin
layer-forming material; a nozzle unit which is disposed at one
side of the container portion and in which a plurality of
nozzles are disposed in a first direction; barrier ribs disposed
between the nozzles; and a power supply unit applying volt-
age to the container portion. The apparatus is separated from
the substrate by a set or predetermined distance, wherein
either the apparatus or the substrate is moved relative to the
other one, and wherein the apparatus forms the thin layer on
the substrate when the thin layer-forming material is dis-
charged from the nozzle unit due to an electric potential
difference between the container portion and the substrate.
[0011] The nozzle assemblies may include a first nozzle
assembly, a second nozzle assembly, and a third nozzle
assembly; and a first container portion of the first nozzle
assembly may accommodate a common layer material, a
second container portion of the second nozzle assembly may
accommodate an emission layer (EML) material, and a third
container portion of the third nozzle assembly may accom-
modate a metal layer material; and the common layer material
may be discharged from a first nozzle unit disposed in the first
container portion, the EML material may be discharged from
asecond nozzle unit disposed in the second container portion,
and the metal layer material may be discharged from a third
nozzle unit disposed in the third container portion.

[0012] The common layer material may include a hole
injection layer (HIL) material, a hole transport layer (HTL)
material, and an electron transport layer (ETL) material; and
the first container portion of the first nozzle assembly may
include at least one first common layer container accommo-
dating the HIL, material, at least one second common layer
container accommodating the HTL material, and at least one
third common layer container accommodating the ETL, mate-
rial, so that the HIL material, the HTL matetial, and the ETL
material are not mixed with one another.

[0013] A first power supply unit connected to the first con-
tainer portion may include: a first power supply connected to
the first container portion and applying voltage to the at least
one first common layer container; a second power supply
connected to the second container portion and applying volt-
age to the at least one second common layer container; and a
third power supply connected to the third container portion
and applying voltage to the at least one third common layer
container.

[0014] When the HIL material is sprayed, voltage may be
applied to the at least one first common layer container, and
when the HTL material is sprayed, voltage may be applied to
the at least one second common layer container, and when the
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ETL materialis sprayed, voltage may be applied to the at least
one third common layer container.

[0015] A diameter of each of a plurality of nozzles of the
first nozzle unit may be from about 500 pm to about 3 mm.
[0016] The common layer material may be sprayed in a
form of a spray from the first nozzle unit.

[0017] The EML material may include a red EML material,
a green EML material, and a blue EML material; and the
second container portion of the second nozzle assembly may
include at least one first EML container accommodating the
red EML material, atleast one second EML container accom-
modating the green EML material, and at least one third EML
container accommodating the blue EML material, so that the
red EML material, the green EML material, and the blue EML
material are not mixed with one another.

[0018] A second power supply unit connected to the second
container portion may apply voltages to the first EML con-
tainer, the second EML container, and the third EML con-
tainer.

[0019] The second power supply unit may simultaneously
or concurrently apply the same voltage to the first EML
container, the second EML container, and the third EML
container, and the red EML material, the green EML material,
and the blue EML material may be simultaneously or concur-
rently discharged from the second nozzle unit.

[0020] The EML material may be discharged in a form of
liquid droplets from the second nozzle unit.

[0021] A plurality ofnozzles of the second nozzle unit may
correspond to sub-pixels formed on the substrate in a one-to-
one correspondence.

[0022] The third container portion may include only a
single container accommodating the metal layer material.
[0023] A third power supply unit connected to the third
container portion may apply the same voltage to the third
container portion.

[0024] The metal layer material may be a silver paste.
[0025] Themetal layer material may be sprayed in a form of
a spray from the third nozzle unit.

[0026] A diameter of each of a plurality of nozzles of the
third nozzle unit may be from about 500 um to about 3 mm.
[0027] Thebarrier ribs may prevent or protect from electric
field interference that occurs between the nozzles.

[0028] The barrier ribs may include plastic or rubber.
[0029] Thebarrier ribs may have a thickness of about 1 mm
to about 3 mm.

[0030] The apparatus may further include a stage on which

the substrate is disposed and which is moved between the
nozzle assemblies.

[0031] Thestage may include a heater heating the substrate,
and the heater may thermally cure the thin layer-forming
material deposited on the substrate.

[0032] According to another embodiment of the present
invention, there is provided a method of manufacturing an
organic light-emitting display apparatus by using an appara-
tus for forming a thin layer on a substrate, the method includ-
ing: disposing the substrate to be separated from the appara-
tus by a set or predetermined distance; forming the thin layer
on the substrate by moving either the apparatus or the sub-
strate relative to the other one and spraying a thin layer-
forming material onto the substrate. The apparatus for form-
ing the thin layer on the substrate includes a plurality of
nozzle assemblies, each of the plurality of nozzle assemblies
including: a container portion accommodating a thin layer-
forming material; a nozzle unit which is disposed at one side
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of the container portion and in which a plurality of nozzles are
disposed in a first direction; barrier ribs disposed between the
nozzles; and a power supply unit applying voltage to the
container portion. The thin layer is formed on the substrate
when the thin layer-forming material is sprayed onto the
substrate from the nozzle unit due to an electric potential
difference between the container portion and the substrate.
[0033] The nozzle assemblies may include a first nozzle
assembly, a second nozzle assembly, and a third nozzle
assembly; and a first container portion of the first nozzle
assembly may accommodate a common layer material, a
second container portion of the second nozzle assembly may
accommodate an emission layer (EML) material, and a third
container portion of the third nozzle assembly may accom-
modate a metal layer material.

[0034] The common layer material may include a hole
injection layer (HIL) material, a hole transport layer (HTL)
material, and an electron transport layer (ETL) material; the
EML material may include a red EML material, a green EML
material, and a blue EML material; the first container portion
may accommodate the HIL material, the HTL material, and
the ETL material so that the HIL material, the HTL material,
and the ETL material are not mixed with one another; and the
second container portion may accommodate the red EML
material, the green EML material, and the blue EML material
so that the red EML material, the green EML material, and the
blue EML material are not mixed with one another.

[0035] The forming of the thin layer on the substrate may
include: forming an HIL by spraying the HIL, material onto
the substrate by using the first nozzle assembly; curing the
HIL; forming an HTL by spraying the HTL material onto the
substrate by using the first nozzle assembly; curing the HTL;
forming an EML by spraying the EML material onto the
substrate by using the second nozzle assembly; curing the
EML; forming an ETL by spraying the ETL material onto the
substrate by using the first nozzle assembly; curing the ETL;
forming a metal layer by spraying the metal layer material
onto the substrate by using the third nozzle assembly; and
curing the metal layer.

[0036] The forming of the EML may include simulta-
neously or concurrently spraying the red EML material, the
green EML material, and the blue EML material onto the
substrate from the second nozzle assembly.

[0037] The common layer material may be sprayed in a
form of a spray from the first nozzle assembly.

[0038] The EML material may be sprayed in a form of
liquid droplets from the second nozzle assembly.

[0039] Themetal layer material may be sprayed in a form of
a spray from the third nozzle assembly.

[0040] According to another aspect of the present inven-
tion, there is provided an organic light-emitting display appa-
ratus manufactured according to one of the methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention, and, together with the description, serve to
explain the principles of the present invention.

[0042] FIG. 1 is a schematic view of a structure of an
apparatus for forming a thin layer, according to an embodi-
ment of the present invention;

[0043] FIG. 2 is a schematic cross-sectional view of a sub-
strate of the apparatus for forming a thin layer illustrated in
FIG. 1;
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[0044] FIG. 3 is a schematic cross-sectional view of an
organic light-emitting display apparatus in which thin layers
are formed using the apparatus for forming a thin layer illus-
trated in FIG. 1,

[0045] FIG. 4isa diagram illustrating a first nozzle assem-
bly ofthe apparatus for forming a thin layer illustrated in FIG.

[0046] FIG. 5 is an enlarged view of region A illustrated in
FIG. 4;

[0047] FIG. 6 illustrates a second nozzle assembly of the
apparatus for forming a thin layer illustrated in FIG. 1,

[0048] FIG. 7 is an enlarged view of region B illustrated in
FIG. 6;
[0049] FIG. 8 illustrates a third nozzle assembly of the

apparatus for forming a thin layer illustrated in FIG. 1; and

[0050] FIG.9is an enlarged view of region C illustrated in
FIG. 8.

DETAILED DESCRIPTION
[0051] The present invention will now be described more

fully with reference to the accompanying drawings in which
exemplary embodiments of the invention are shown.

[0052] When the intermediate layers, including the emis-
sion layer, are formed using the deposition method, the FMM
for forming an organic thin film pattern on a large substrate,
such as a mother glass having a 5G size (1100x1300 mm) or
more, cannot be substantially manufactured, material effi-
ciency is very low, and vacuum equipment needs to be pro-
vided on a mass scale, thus increasing investment costs. As
such, alternatives, for manufacturing a large-size organic
light-emitting display apparatus, are needed.

[0053] FIG. 1 is a schematic view of a structure of an
apparatus 100 for forming a thin layer, according to an
embodiment of the present invention.

[0054] Referring to FIG. 1, the apparatus 100 for forming a
thin layer, according to the current embodiment, includes a
first nozzle assembly 10, a second nozzle assembly 20, a third
nozzle assembly 30, and a stage 70.

[0055] A substrate 60 is disposed on the stage 70 and is
moved between the first nozzle assembly 10, the second
nozzle assembly 20, and the third nozzle assembly 30 accord-
ing to the movement of the stage 70. The stage 70 may include
a heater installed therein. The heater heats the substrate 60
disposed on the stage 70. In more detail, after a thin layer-
forming material is sprayed onto the substrate 60, the heater
heats the substrate 60 and thermally cures the thin layer-
forming material deposited on the substrate 60. Thus, accord-
ing to an aspect of the present invention, an additional furnace
or hot plate does not need to be disposed to thermally cure the
thin layer-forming material deposited on the substrate 60.
Also, because a thermal curing process is performed after a
thin layer-forming process is performed, a manufacturing
process is simplified. The heater of the stage 70 may heat the
substrate 60 up to 250° C.

[0056] The substrate 60 is moved to a lower portion of the
first nozzle assembly 10, and a hole injection layer (HIL), a
hole transport layer (HTL), an electron transport layer (ETL),
and the like may be formed on the substrate 60 by using the
first nozzle assembly 10.

[0057] Also, the substrate 60 is moved to a lower portion of
the second nozzle assembly 20, and an emission layer (EML)
may be formed on the substrate 60 by using the second nozzle
assembly 20.
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[0058] Also, the substrate 60 is moved to a lower portion of
the third nozzle assembly 30, and an electrode layer may be
formed on the substrate 60 by using the third nozzle assembly
30.

[0059] The HIL, the HTL, the ETL, the EML, and the
electrode layer may be formed on the substrate 60 by using,
not a deposition method, but an electrostatic spray deposition
method, as described in more detail as follows.

[0060] FIG. 2 is a schematic cross-sectional view of the
substrate 60 of the apparatus 100 for forming a thin layer
illustrated in FIG. 1.

[0061] The substrate 60 may include a thin-film transistor
(TFT) formed over a base substrate 50, a pixel-defining layer
64, and the like. An HIL, an HTL, an ETL, an EML, an
electrode layer, and the like may be formed on the substrate
60.

[0062] Referring to FIG. 2, a buffer layer 51 is formed on
the base substrate 50 formed of glass or plastic, and the TFT
and an organic light-emitting diode (OLED) may be formed
over the buffer layer 51.

[0063] An active layer 52 having a set or predetermined
pattern is formed on the buffer layer 51 of the base substrate
50. A gate insulating layer 53 is formed on the buffer layer 51
to cover the active layer 52, and a gate electrode 54 is formed
in aset or predetermined region of an upper portion of the gate
insulating layer 53. The gate electrode 54 is connected to a
gate line that applies a TFT on/off signal. An interlayer insu-
lating layer 55 is formed on the gate insulating layer 53 to
cover the gate electrode 54, and source/drain electrodes 56
and 57 are formed to contact source/drain regions 525 and 52¢
of the active layer 52, respectively, through contact holes. A
passivation layer 58 formed of Si0,, SiN¥, or the like may be
formed on the interlayer insulating layer 55 to cover the
source/drain electrodes 56 and 57, and a planarization layer
59 may be formed on an upper portion of the passivation layer
58 by using an organic material, such as polyimide, benzo-
cyclobutene (BCB), or the like.

[0064] A pixel electrode 61, which functions as an anode of
the OLED, 1s formed on an upper portion of the planarization
layer 59, and the pixel defining layer 64 is formed to cover the
pixel electrode 61 by using an organic material. The pixel-
defining layer 64 may be formed of an organic material.
[0065] After a set or predetermined opening is formed in
the pixel-defining layer 64, an intermediate layer 62 is formed
betweenan upper portion of the pixel-defining layer 64 and an
upper portion of the pixel electrode 61 exposed to the outside
through an opening formed therein. In this regard, the inter-
mediate layer 62 may include an HIL, an HTL, an EML, and
an ETL.

[0066] However, the present invention is not limited to the
structure described above, and an organic light-emitting dis-
play apparatus may have various suitable structure types.
[0067] FIG. 3 is a schematic cross-sectional view of an
organic light-emitting display apparatus in which thin layers
are formed using the apparatus 100 for forming a thin layer
illustrated in FIG. 1.

[0068] Referring to FIG. 3, the intermediate layer 62 may
be formed on the substrate 60 by using the apparatus 100 for
forming a thin layer illustrated in FIG. 1. The intermediate
layer 62 may be formed on the pixel electrode 61.

[0069] The intermediate layer 62 may be a low-molecular
weight organic layer or a polymer organic layer. When the
intermediate layer 62 is a low-molecular weight organic
layer, the intermediate layer 62 may have a single or multi-



US 2012/0098416 Al

layer structure including at least one selected from the group
consisting of an HIL, an HTL, an EML, an ETL, an electron
injection layer (EIL), etc. Examples of available organic
materials may include copper phthalocyanine (CuPc), N,N'-
di(naphthalene-1-y1)-N,N'-diphenyl-benzidine (NPB), tris-
8-hydroxyquinoline aluminum (Alg3), etc.

[0070] Alternatively, when the intermediate layer 62 is a
polymer organic layer, the intermediate layer 162 may have a
structure including an HTL and an EML. In this regard,
Poly(3,4-ethylenedioxythiophene)(PEDOT) is used to form
the HTL, and a poly-phenylenevinylene (PPV)-based or
polyfluorene-based polymer organic material, or the like,
may be used to form the EML.

[0071] The intermediate layer 62 is not limited thereto, and
various suitable embodiments may be applied to form the
intermediate layer 62.

[0072] An opposite electrode 63 is formed over the sub-
strate 60 so as to completely cover the intermediate layer 62.
The opposite electrode 63 may function as a common elec-
trode. The pixel electrode 61 functions as an anode, and the
opposite electrode 63 functions as a cathode. Obviously,
polarities of the pixel electrode 61 and the opposite electrode
63 may be the opposite, that is, the pixel electrode 61 func-
tions as a cathode, and the opposite electrode 63 functions as
an anode.

[0073] Theintermediate layer 62 and the opposite electrode
63 are formed by the apparatus 100 for forming a thin layer
illustrated in FI1G. 1. Hereinafter, the apparatus 100 for form-
ing a thin layer illustrated in FIG. 1 will be described in more
detail.

[0074] FIG. 4 is a diagram illustrating the first nozzle
assembly 10 of the apparatus 100 for forming a thin layer
illustrated in FIG. 1.

[0075] Referring to FIG. 4, the first nozzle assembly 10
includes a first container portion 11, a first nozzle unit 12,
barrier ribs 13, and a first power supply unit including first,
second, and third power supply units 14a, 145, and 14c¢.
[0076] Container portions may accommodate a thin layer-
forming material, and in particularly, the first container por-
tion 11 may accommodate a common layer material. The first
container portion 11 may include a plurality of first common
layer containers 11a, a plurality of second common layer
containers 115, and a plurality of third common layer con-
tainers 11¢. The common layer material may be an HIL
material, an HTL material, and an ETL material. Each of the
first common layer containers 11a may accommodate the
HIL material, each of the second common layer containers
115 may accommodate the HTL material, and each of the
third common layer containers 11¢ may accommodate the
ETL material. The common layer materials are not mixed
with one another due to the first common layer container 11a,
the second common layer container 115, and the third com-
mon layer container 11c. Containers of the same type may be
sequentially disposed not to be adjacent to each other.
[0077] A lengtht, of the first container portion 11 may be
equal to or greater than a length t, of one side of the substrate
60 (see also FIG. 1). Since the first container portion 11
(having the length t, that is equal to or is greater than the
length t, of one side of the substrate 60) is moved relative to
the substrate 60, or the substrate 60 is moved relative to the
first container portion 11, the apparatus 100 for forming a thin
layer may easily form a thin layer on a large-size substrate.
[0078] The first nozzle unit 12 may be disposed at one side
of the first container portion 11. The common layer material
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accommodated in the first container portion 11 is discharged
from the first nozzle unit 12. The first nozzle unit 12 may
include a plurality of nozzles 12a, 12b, and 12¢. A nozzle is
disposed in a common layer container. In more detail, the
nozzles 12a are connected to the first common layer contain-
ers 11a, the nozzles 125 are connected to the second common
layer containers 115, and the nozzles 12¢ are connected to the
third common layer containers 11¢. Thus, the HIL material
accommodated in the first common layer container 11a is
discharged from the nozzle 124, the HTL material accommo-
dated in the second common layer container 1151s discharged
from the nozzle 1256, and the ETL material accommodated in
the third common layer container 11¢ is discharged from the
nozzle 12¢.

[0079] A diameter of each of the nozzles 12a, 125, and 12¢
of the first nozzle unit 12 may be from 500 um to 3 mm (or
from about 500 pm to about 3 mm).

[0080] The barrier ribs 13 may be disposed between the
nozzles 12a, 125, and 12¢ of the first nozzle unit 12. The
barrier ribs 13 may prevent electric field interference that
occurs between the nozzles 124, 1254, and 12¢.

[0081] The first container portion 11 may be connected to
the first power supply unit 14. The first power supply unit 14
applies voltage to the first container portion 11 so as to form
an electric potential difference between the first container
portion 11 and the substrate 60. The first power supply unit 14
may be a direct current (DC) or alternating current (AC)
power supply unit. The first power supply unit 14 applies
voltage to the first container portion 11 so that the electric
potential difference formed between the first container por-
tion 11 and the substrate 60 may be from 2 kV to 15 kV (or
from about 2kV to about 15k V). When the first power supply
unit 14 forms the electric potential difference between the
first container portion 11 and the substrate 60, the common
layer material accommodated in the first container portion 11
is discharged from the nozzles 124, 124, and 12¢ of the first
nozzle unit 12. In this regard, the common layer material may
be discharged from the first nozzle unit 12 as a spray. As the
electric potential difference between the first container por-
tion 11 and the substrate 60 increases, the spray range of the
common layer material is increased.

[0082] The first power supply unit 14 may include the first
power supply 14a, the second power supply 145, and the third
power supply 14¢. The first power supply 144 may be con-
nected to each of the first common layer containers 11a and
may apply voltage to each of the first common layer contain-
ers 11a. The second power supply 145 may be connected to
each of the second common layer containers 115 and may
apply voltage to each of the second container common layer
containers 115. The third power supply 14¢ may be connected
to each of the third common layer containers 11¢ and may
apply voltage to each of the third common layer containers
11c.

[0083] Each ofthe first power supply 14a, the second power
supply 145, and the third power supply 14¢ may apply a
voltage to each of the first common layer containers 114, the
second common layer containers 115, and the third common
layer containers 11¢, respectively, thereby spraying the com-
mon layer material.

[0084] In more detail, when the HIL is formed, the first
power supply 14a may apply voltage to each of the first
common layer containers 11a, thereby spraying the HIL
material (accommodated in the first common layer containers
11a) onto the substrate 60. In this regard, the second power
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supply 145 and the third power supply 14¢ do not apply
voltages to each of the second common layer containers 115
and the third common layer containers 11¢, respectively.
[0085] When the HTL is formed, the second power supply
145 may apply voltage to each of the second common layer
containers 115, thereby spraying the HTL material (accom-
modated in the second common layer containers 115) onto
the substrate 60. In this regard, the first power supply 14a and
the third power supply 14¢ do notapply voltages to each of the
first common layer containers 11a and the third common
layer containers 11¢, respectively.

[0086] Whenthe ETL is formed, the third power supply 14¢
may apply voltage to the each of third common layer contain-
ers 11¢, thereby spraying the ETL material (accommodated in
the third common layer containers 11¢) onto the substrate 60.
In this regard, the first power supply 14a and the second
power supply 145 do not apply voltages to each of the first
common layer containers 11a and the second common layer
containers 115, respectively.

[0087] FIG.5is an enlarged view of region A illustrated in
FIG. 4.
[0088] Referring to FI1G. 5, the barrier ribs 13 are disposed

between the nozzles 12a, 125, and 12¢ of the first nozzle unit
12. Here, in one embodiment, the HIL material is sprayed
only from the nozzles 124, and the HTL material and the ETL
material are not sprayed from the nozzles 126 and 12¢
because voltage is only applied by the first power supply 14a
to the first common layer containers 11a.

[0089] FIG. 6 illustrates the second nozzle assembly 20 of
the apparatus 100 for forming a thin layer illustrated in FIG.
1

[0090] Referring to FIG. 6, the second nozzle assembly 20
may include a second container portion 21, a second nozzle
unit 22, barrier ribs 23, and a second power supply unit 24.
[0091] Thesecond container portion 21 may accommodate
an EML material. The second container portion 21 may
include a plurality of first EML containers 21a, a plurality of
second EML containers 215, and a plurality of third EML
containers 21¢. The EML material may be a red EML mate-
rial, a green EML material, or a blue EML material. The first
EML containers 21a may accommodate the red EML, mate-
rial, the second EML containers 215 may accommodate the
green EML material, and the third EML containers 21¢ may
accommodate the blue EML material. The EML materials are
not mixed with one another due to the first EML containers
21a, the second EML containers 215, and the third EML
containers 21c¢.

[0092] Containers of the same type may be sequentially
disposed not to be adjacent to one another.

[0093] A lengtht, of the second container portion 21 may
be equal to or greater than the length t, of one side of the
substrate 60 (see also FIG. 1). Since the second container
portion 21 (having the length t, that is equal to or is greater
than the length t4 of one side of the substrate 60) is moved
relative to the substrate 60, or the substrate 60 is moved
relative to the second container portion 21, the apparatus 100
for forming a thin layer may easily form a thin layer on a
large-size substrate.

[0094] The second nozzle unit 22 may be disposed at one
side of the second container portion 21. The EML material
accommodated in the second container portion 21 is dis-
charged from the second nozzle unit 22. The second nozzle
unit 22 may include a plurality of nozzles 22a, 225, and 22¢.
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[0095] A nozzle is disposed in an EML container. In more
detail, the nozzle 224 is connected to the first EML container
214, the nozzle 225 is connected to the second EML container
215, and the nozzle 22¢ is connected to the third EML con-
tainer 21¢. Thus, the red EML material accommodated in the
first EML container 21a is discharged from the nozzle 22a,
the green EML material accommodated in the second EML
container 214 is discharged from the nozzle 225, and the blue
EML material accommodated in the third EML container 21¢
is discharged from the nozzle 22c.

[0096] A diameter of each of the nozzles 22a, 225, and 22¢
of the second nozzle unit 22 may be 30 um (or about 30 um).

[0097] The barrier ribs 23 may be disposed between the
nozzles 22a, 225, and 22¢ of the second nozzle unit 22. The
barrier ribs 23 may prevent or protect from electric field
interference that occurs between the nozzles 22a, 225, and
22¢.

[0098] The second container portion 21 may be connected
to the second power supply unit 24. The second power supply
unit 24 applies voltage to the second container portion 21 so
as to form an electric potential difference between the second
container portion 21 and the substrate 60. The second power
supply unit 24 may be a DC or AC power supply unit. The
second power supply unit 24 applies voltage to the second
container portion 21, thereby generating an electric potential
difference between the second container portion 21 and the
substrate 60. When the electric field difference between the
second container portion 21 and the substrate 60 is generated
due to the second power supply unit 24, the EML material
accommodated in the second container portion 21 is sprayed
from the nozzles 224, 225, and 22¢ of the second nozzle unit
22. In this regard, the EML material may be sprayed in the
form of liquid droplets from the second nozzle unit 22. Since
the EML material is sprayed in the form of liquid droplets and
is deposited on the substrate 60, the EML material sprayed
from the second nozzle unit 22 may fall on the pixel electrode
61, thereby forming sub-pixels.

[0099] The second power supply unit 24 may apply voltage
to all portions of the second container portion 21. In more
detail, the second power supply unit 24 may apply the same
voltage to all of the containers including the first EML con-
tainer 22a, the second EML container 225, and the third EML
container 22¢. When the second power supply unit 24 simul-
taneously or currently applies the same voltage to the first
EML container 22a, the second EML container 2256, and the
third EML container 22¢, the red EML material, the green
EML material, and the blue EML, material may be simulta-
neously or concurrently sprayed from each of the first EML
container 224, the second EML container 225, and the third
EML container 22¢. Thus, a red EML, a green EML, and a
blue EML may be simultaneously or currently formed on the
substrate 60.

[0100] FIG. 7 is an enlarged view of region B illustrated in
FIG. 6.
[0101] Referring to FIG. 7, the barrier ribs 23 are disposed

between the nozzles 22a, 2256, and 22¢ of the second nozzle
unit 22. The EML materials are sprayed from all of the
nozzles 22a, 22b, and 22¢ because voltages are simulta-
neously or concurrently applied by the second power supply
unit 24 to the first EML container 22q, the second EML
container 2254, and the third EML container 22c¢.

[0102] FIG. 8 illustrates the third nozzle assembly 30 of the
apparatus 100 for forming a thin layer illustrated in FIG. 1.
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[0103] Referring to FIG. 8, the third nozzle assembly 30
includes a third container portion 31, a third nozzle unit 32,
barrier ribs 33, and a third power supply unit 34.

[0104] The third container portion 31 may accommodate a
metal layer material. Since the third container portion 31
accommodates one type of metal layer material, the third
container portion 31 does not include a plurality of contain-
ers, like the first and second container portions 11 and 21, and
may include one internal space in which the metal layer
material is to be accommodated. The metal layer material
may be liquid silver (Ag) or aluminum (Al), or a silver paste.
[0105] A length t, of the third container portion 31 may be
equal to or greater than the length t, of one side of the sub-
strate 60 (see also FIG. 1). Since the third container portion 31
(having the length t; that is equal to or is greater than the
length t4 of one side of the substrate 60) is moved relative to
the substrate 60, or the substrate 60 is moved relative to the
third container portion 31, the apparatus 100 for forming a
thin layer may easily form a thin layer on a large-size sub-
strate.

[0106] Thethird nozzleunit 32 may be disposed at one side
of the third container portion 31. The metal layer material
accommodated in the third container portion 31 is discharged
from the third nozzle unit 32. The third nozzle unit 32 may
include a plurality of nozzles.

[0107] A diameter of each of the nozzles of the third nozzle
unit 32 may be from 500 pm to 3 mm (from about 500 pm to
about 3 mm).

[0108] The barrier ribs 33 may be disposed between the
nozzles of the third nozzle unit 32. The barrier ribs 33 may
prevent or protect from electric field interference that occurs
between the nozzles of the third nozzle unit 32.

[0109] The third container portion 31 may be connected to
the third power supply unit 34. The third power supply unit 34
applies voltage to the third container portion 31 so as to form
an electric potential difference between the third container
portion 31 and the substrate 60. The third power supply unit
34 may be a DC or AC power supply unit. The third power
supply unit 34 applies voltage to the third container portion
31, thereby generating the electric potential difference
between the third container portion 31 and the substrate 60.
When the electric potential difference between the third con-
tainer portion 31 and the substrate 60 is generated by the third
power supply unit 34, the metal layer material accommodated
in the third container portion 31 is sprayed from the third
nozzle unit 32. In this regard, the metal layer material may be
sprayed in the form of a spray onto a wide portion of the
substrate 60 from the third nozzle unit 32. The metal layer
material sprayed from the third nozzle unit 32 may be used to
form an opposite electrode (63 of FIG. 3).

[0110] Thethird power supply unit 34 may apply voltage to
all portions of the third container portion 31. Thus, the metal
layer material is sprayed from the third nozzle unit 32 dis-
posed in the third container portion 31.

[0111] FIG. 9 is an enlarged view of region C illustrated in
FIG. 8.
[0112] Referring to FIG. 9, the barrier ribs 33 are disposed

between the nozzles of the third nozzle unit 32. The metal
layer material is sprayed from all nozzles of the third nozzle
unit 32.

[0113] In this way, according to an aspect of the present
invention, the area of a nozzle assembly does not need to be
the same as the area of a substrate, and when a length of one
side of the nozzle assembly equals to or is greater than a
length of one side of the substrate, the nozzle assembly and
the substrate may be moved relative to each other, and thin
layers (HTL, HIL, EML, metal layer, etc.) may be formed on
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the substrate so that the apparatus 100 for forming a thin layer
may be simply applied to produce large substrates of a fourth
generation (4G) size or more on a mass scale.

[0114] A process of forming a thin layer on the substrate 60
will now be described in more detail.

[0115] First, the substrate 60, having the base substrate 50
on which the TFT, the pixel electrode 61, the pixel-defining
layer 64, and the like are formed, is disposed on the stage 70.
[0116] After that, the stage 70 is moved in an x-direction,
and the first nozzle assembly 10 sprays an HIL. material onto
the substrate 60. Voltage is applied only to a first common
layer container 11a of the first nozzle assembly 10 in which
the HIL material is accommodated, so that an electric poten-
tial difference between the first common layer container 11a
and the substrate 60 may be generated and the HIL, material
may be sprayed onto the substrate 60. The HIL material is
sprayed in the form of a spray and is deposited on the sub-
strate 60.

[0117]  After the HIL material is sprayed, the HIL material
deposited on the substrate 60 is cured. The heater installed in
the stage 70 heats the substrate 60 to thermally cure the HIL
material, thereby forming an HIL.

[0118] Subsequently. an HTL material is sprayed by the
first nozzle assembly 10 onto the substrate 60. Voltage is
applied only to the second common layer container 115 of the
first nozzle assembly 10 in which the HTL material is accom-
modated, so that an electric potential difference between the
second common layer container 115 and the substrate 60 may
be generated and the HTL material may be sprayed onto the
substrate 60. The HTL. material is sprayed in the form of a
spray. When the HTL material is sprayed, the stage 70 is
moved in a positive (+) x-direction or a negative (-) x-direc-
tion. Thus, the HTL material is deposited on the substrate 60.
[0119] The HTL material, which is deposited on the sub-
strate 60 after the HTL material is sprayed, is cured. The
heater installed in the stage 70 heats the substrate 60 to ther-
mally cure the HTL material, thereby forming an HTL.
[0120] Subsequently. the stage 70 is moved to be adjacent
to the second nozzle assembly 20. EML materials, i.e., a red
EML material, a green EML material, and a blue EML mate-
rial are sprayed by the second nozzle assembly 20 onto the
substrate 60. The red EML material, the green EML material,
and the blue EML material are sprayed in the form of liquid
droplets from the second nozzle assembly 20 and are depos-
ited on the substrate 60 to correspond to the pixel electrode
61, thereby forming a red EML, a green EML, and a blue
EML. The second power supply unit 24 may simultaneously
or concurrently apply voltages to the first EML container 224,
the second EML container 225, and the third EML container
22¢ so that the red EML material, the green EML material,
and the blue EML material may be simultaneously or concur-
rently sprayed onto the substrate 60. Thus, according to an
embodiment of the present invention, a red EML, a green
EML, and a blue EML. may be formed without using a mask.
Also, the red EML, the green EML, and the blue EML may be
simultaneously or concurrently formed so that a production
process may be simplified and productivity may be improved.
Also, unlike ina comparable deposition method, the red EML
material, the green EML material, and the blue EML material
are deposited only in a necessary region so that material costs
may be reduced.

[0121] Whenthe EML materials are sprayed, the stage 70 is
moved in the positive (+) x-direction or the negative (=)
x-direction. Thus, the EML materials are deposited on the
substrate 60.

[0122] The EML materials, which are deposited on the
substrate 60 after the EML materials are sprayed, are cured.
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The heater installed in the stage 70 heats the substrate 60 to
thermally cure the EML materials, thereby forming an EML.
[0123] Subsequently, the stage 70 is moved to be adjacent
to the first nozzle assembly 10. An ETL materialis sprayed by
the first nozzle assembly 10 onto the substrate 60. Voltage is
applied only to the third common layer container 11¢ of the
first nozzle assembly 10 in which an ETL material is accom-
modated. An electric potential difference between the third
common layer container 11¢ and the substrate 60 is gener-
ated, and the ETL material is sprayed onto the substrate 60.
The ETL material is sprayed in the form of a spray. When the
ETL material is sprayed, the stage 70 is moved in the positive
(+) x-direction or the negative (-) x-direction. Thus, the ETL
material is deposited on the substrate 60 so as to cover the
EML.

[0124] After the ETL material is sprayed, the ETL material
deposited on the substrate 60 is cured. The heater installed in
the stage 70 heats the substrate 60 to thermally cure the ETL
material, thereby forming an ETL.

[0125] Subsequently, the stage 70 is moved to be adjacent
to the third nozzle assembly 30. A metal layer material is
sprayed by the third nozzle assembly 30 onto the substrate 60.
The metal layer material is sprayed in the form of a spray from
the third nozzle assembly 30. The third power supply unit 34
applies voltage to the third container portion 31 so that the
metal layer material may be sprayed onto the substrate 60.
The sprayed metal layer material may be deposited on the
substrate 60.

[0126] The metal layer material, which is deposited on the
substrate 60 after the metal layer material is sprayed, is cured.
The heater installed in the stage 70 heats the substrate 60 to
thermally cure the metal layer material, thereby forming the
opposite electrode 63.

[0127] In this way, according to an aspect of the present
invention, since an opposite electrode as well as a common
layer and an EML are formed using a series of processes, a
manufacturing process may be simplified, and productivity
may be improved. Furthermore, a thin layer-forming process,
according to an embodiment of the present invention, may be
performed even at atmospheric pressure so that a high-priced
vacuum chamber may not need to be provided, thereby reduc-
ing facility investment costs.

[0128] According to an aspect of the present invention, an
apparatus for forming a thin layer may be simply applied to
produce large substrates on a mass scale, and manufacturing
yield may be improved.

[0129] While the present invention has been described in
connection with certain exemplary embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover vari-
ous modifications and equivalent arrangements included
within the spirit and scope of the appended claims, and
equivalents thereof.

What is claimed is:

1. An apparatus for forming a thin layer on a substrate, the

apparatus comprising:

a plurality of nozzle assemblies,

wherein each of the plurality of nozzle assemblies com-
prises:

a container portion for accommodating a thin layer-form-
ing material;

a nozzle unit at one side of the container portion and in
which a plurality of nozzles are disposed in a first direc-
tion;

barrier ribs between the nozzles; and

a power supply unit for applying voltage to the container
portion, wherein
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the apparatus is separated from the substrate by a set dis-
tance, wherein

either the apparatus or the substrate is moved relative to the
other one, and wherein

the apparatus is configured to form the thin layer on the
substrate when the thin layer-forming material is dis-
charged from the nozzle unit due to an electric potential
difference between the container portion and the sub-
strate.

2. The apparatus of claim 1, wherein the nozzle assemblies
comprise a first nozzle assembly, a second nozzle assembly,
and a third nozzle assembly, and

a first container portion of the first nozzle assembly is
configured to accommodate a common layer material, a
second container portion of the second nozzle assembly
is configured to accommodate an emission layer (EML)
material, and a third container portion of the third nozzle
assembly is configured to accommodate a metal layer
material; and a first nozzle unit disposed in the first
container portion is configured to discharge the common
layer material, a second nozzle unit disposed in the
second container portion is configured to discharge the
EML material, and a third nozzle unit disposed in the
third container portion is configured to discharge the
metal layer material.

3. The apparatus of claim 2, wherein the common layer
material comprises a hole injection layer (HIL) material, a
hole transport layer (HTL) material, and an electron transport
layer (ETL) material; and the first container portion of the first
nozzle assembly comprises a first common layer container for
accommodating the HIL material, a second common layer
container for accommodating the HTL material, and a third
common layer container for accommodating the ETL mate-
rial, so that the HIL material, the HTL material, and the ETL
material are not mixed with one another.

4. The apparatus of claim 3, wherein a first power supply
unit connected to the first container portion comprises:

a first power supply connected to the first container portion
and for applying voltage to the first common layer con-
tainer;

a second power supply connected to the second container
portion and for applying voltage to the second common
layer container; and

a third power supply connected to the third container por-
tion and for applying voltage to the third common layer
container.

5. The apparatus of claim 4, wherein, when the HIL, mate-
rial is sprayed, voltage is applied to the first common layer
container, and when the HTL material is sprayed, voltage is
applied to the second common layer container, and when the
ETL material is sprayed, voltage is applied to the third com-
mon layer container.

6. The apparatus of claim 3, wherein a diameter of each of
a plurality of nozzles of the first nozzle unit is from about 500
um to about 3 mm.

7. The apparatus of claim 3, wherein the common layer
material is sprayed in a form of a spray from the first nozzle
unit.

8. The apparatus of claim 2, wherein the EML material
comprises a red EML material, a green EML material, and a
blue EML material; and the second container portion of the
second nozzle assembly comprises a first EML container for
accommodating the red EML material, a second EML con-
tainer for accommodating the green EML material, and a
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third EML container for accommodating the blue EML mate-
rial, so that the red EML material, the green EML matetial,
and the blue EML material are not mixed with one another.

9. The apparatus of claim 8, wherein a second power sup-
ply unit connected to the second container portion is config-
ured to apply voltages to the first EML container, the second
EML container, and the third EML container.

10. The apparatus of claim 9, wherein the second power
supply unit is configured to concurrently apply the same
voltage to the first EML container, the second EML container,
and the third EML container to concurrently discharge the red
EML material, the green EML material, and the blue EML
material from the second nozzle unit.

11. The apparatus of claim 8, wherein the EML material is
dischargedina form of liquid droplets from the second nozzle
unit.

12. The apparatus of claim 8, wherein a plurality of nozzles
of the second nozzle unit correspond to sub-pixels formed on
the substrate in a one-to-one correspondence.

13. The apparatus of claim 2, wherein the third container
portion comprises only a single container for accommodating
the metal layer material.

14. The apparatus of claim 13, wherein a third power sup-
ply unit connected to the third container portion is configured
to apply the same voltage to the third container portion.

15. The apparatus of claim 2, wherein the metal layer
material is a silver paste.

16. The apparatus of claim 2, wherein the metal layer
material is sprayed in a form of a spray from the third nozzle
unit.

17. The apparatus of claim 2, wherein a diameter of each of
aplurality of nozzles of the third nozzle unit is from about 500
wm to about 3 mm.

18. The apparatus of claim 1, wherein the barrier ribs is
configured to protect from electric field interference that
occurs between the nozzles.

19. The apparatus of claim 1, wherein the barrier ribs
comprise plastic or rubber.

20. The apparatus of claim 1, wherein the barrier ribs have
a thickness of about 1 mm to about 3 mm.

21. The apparatus of claim 1, further comprising a stage on
which the substrate is disposed and which is moved between
the nozzle assemblies.

22. The apparatus of claim 21, wherein the stage comprises
aheater for heating the substrate, and for thermally curing the
thin layer-forming material deposited on the substrate.

23. A method of manufacturing an organic light-emitting
display apparatus by using an apparatus for forming a thin
layer on a substrate, the method comprising:

disposing the substrate to be separated from the apparatus

by a set distance;

forming the thin layer on the substrate by moving either the

apparatus or the substrate is moved relative to the other
one and spraying a thin layer-forming material is onto
the substrate,

wherein the apparatus for forming the thin layer on the

substrate comprises a plurality of nozzle assemblies,
each of the plurality of nozzle assemblies comprising:

a container portion accommodating a thin layer-forming

material;

anozzle unit disposed at one side of the container portion

and in which a plurality of nozzles are disposed in a first
direction;

barrier ribs disposed between the nozzles; and
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a power supply unit applying voltage to the container por-

tion,

wherein the thin layer is formed on the substrate when the

thin layer-forming material is sprayed onto the substrate
from the nozzle unit due to an electric potential differ-
ence between the container portion and the substrate.

24. The method of claim 23, wherein the nozzle assemblies
comprise a first nozzle assembly, a second nozzle assembly,
and a third nozzle assembly; and a first container portion of
the first nozzle assembly accommodates a common layer
material, a second container portion of the second nozzle
assembly accommodates an emission layer (EML) material,
and a third container portion of the third nozzle assembly
accommodates a metal layer material.

25. The method of claim 24, wherein the common layer
material comprises a hole injection layer (HIL) material, a
hole transport layer (HTL) material, and an electron transport
layer (ETL) material; the EML material comprises ared EML
material, a green EML material, and a blue EML material; the
first container portion accommodates the HIL material, the
HTL material, and the ETL material so that the HIL material,
the HTL material, and the ETL material are not mixed with
one another; and the second container portion accommodates
the red EML material, the green EML material, and the blue
EML material so that the red EML material, the green EML
material, and the blue EML material are not mixed with one
another.

26. The method of claim 25, wherein the forming of the
thin layer on the substrate comprises:

forming an HIL by spraying the HIL, material onto the

substrate by using the first nozzle assembly;

curing the HIL;

forming an HTL by spraying the HTL material onto the

substrate by using the first nozzle assembly;

curing the HTL;

forming an EML by spraying the EML material onto the

substrate by using the second nozzle assembly;

curing the EML;

forming an ETL by spraying the ETL material onto the

substrate by using the first nozzle assembly;

curing the ETL;

forming a metal layer by spraying the metal layer material

onto the substrate by using the third nozzle assembly;
and

curing the metal layer.

27. The method of claim 26, wherein the forming of the
EML comprises concurrently spraying the red EML material,
the green EML material, and the blue EML material onto the
substrate from the second nozzle assembly.

28. The method of claim 24, wherein the common layer
material is sprayed in a form of a spray from the first nozzle
assembly.

29. The method of claim 24, wherein the EML material is
sprayed in a form of liquid droplets from the second nozzle
assembly.

30. The method of claim 24, wherein the metal layer mate-
rial is sprayed in a form of a spray from the third nozzle
assembly.

31. An organic light-emitting display apparatus manufac-
tured according to the method of claim 23.

* sk * sk *
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