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(57) ABSTRACT

A method of manufacturing a light-emitting display device,
the method including forming a first electrode on a substrate
for each pixel of a plurality of pixels; forming a pixel
defining film on the first electrode such that the pixel
defining film includes an opening exposing the first elec-
trode; and forming an organic layer on the first electrode,
wherein forming the organic layer includes providing an
organic solution into the opening of the pixel defining film,
and drying the organic solution by performing an exhaust
process in a state where an air current is provided by using
a drying gas such that the air current is sequentially com-
posed of a position facing the organic solution, a position to
which the organic solution is discharged, and a position
facing the organic solution.

:\‘/'-—’AC F
N\, » /! f

130a—+




US 2017/0207282 Al

Jul. 20,2017 Sheet 1 of 10

Patent Application Publication

FI1G. 1

100

(
NDA

DA

\
PX




Patent Application Publication  Jul 20,2017 Sheet 2 of 10 US 2017/0207282 Al

FIG. 2

100




Patent Application Publication  Jul. 20,2017 Sheet 3 of 10

US

2017/0207282 Al

FIG. 3
)/10
13
17 14 15 %
( 19 18 S >%
!
20
{ 11
‘ |
e N )
£ £ / 7 7 7 Zay
. — ~
B f—0 0 0 ¢ | %
16{160— ViVERVAVERSAVIRVAY 11302
166 —H " 1120
/ I 110
19— N / : 105
’ ’
R ; At A A )
) \
122 121



Patent Application Publication  Jul 20,2017 Sheet 4 of 10 US 2017/0207282 Al

FIG. 4

Pressure[Torr]
A

P1

P2

P3

1 7
1 ] i
1 1 }
| 1 [}
I 1 !
i 1 !

T T 13

» Time[sec]

130a




Patent Application Publication  Jul. 20,2017 Sheet 5 of 10

FIG. 7

——120
121
/ 110

130

—
(o]
(&3]

US 2017/0207282 Al



Patent Application Publication

Jul. 20,2017 Sheet 6 of 10

. AC~~ [--AC
F ]\ . F
VoS NS
! /- i
| H0 03 |
130a
/
| |
| |
| |
FIG. 9

/

ACT~ {--ACH

US 2017/0207282 Al




Patent Application Publication  Jul 20,2017 Sheet 7 of 10 US 2017/0207282 Al

FIG. 10

AC1~~ L-—~ACT
I

N S N, /

T B

FI1G. 11

i ——120
121

130 / 110

—
[am]
[y}




Patent Application Publication  Jul 20,2017 Sheet 8 of 10 US 2017/0207282 Al

FIG. 12
- AC1~~ {-~ACT
N )\
AN A
; \ /
| H0 O3
130a
£
|
|
|
[
FIG. 13
Pressure[Torr]
A
P1
P4
P2
P3

— Time[sec
3~ Timefsec]



Patent Application Publication

Jul. 20,2017 Sheet 9 of 10

FIG. 14

AC1~~ --AC1
J A

US 2017/0207282 Al

FIG. 15

AC~~ --AC
/Y




Patent Application Publication  Jul. 20,2017 Sheet 10 of 10  US 2017/0207282 Al

FIG. 16
| Loz
30 121
. 110
| 105
| |
FIG. 17
-
\

130a




US 2017/0207282 Al

METHOD OF MANUFACTURING
LIGHT-EMITTING DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2016-0005163,
filed on Jan. 15, 2016, in the Korean Intellectual Property
Office, and entitled: “Method of Manufacturing Light-Emit-
ting Display Device,” is incorporated by reference herein in
its entirety.

BACKGROUND

[0002] 1. Field

[0003] Embodiments relate to a method of manufacturing
a light-emitting display device.

[0004] 2. Description of the Related Art

[0005] Among light-emitting display devices, an organic
light-emitting display device, which is a self-emission type
display device, has attracted considerable attention as a
next-generation display device because it has advantages of
wide viewing angle, excellent contrast, and high-speed
response.

[0006] The organic light-emitting display device includes
an emission layer containing an organic luminous material
between an anode electrode and a cathode electrode. When
an anode voltage and a cathode voltage are respectively
applied to these electrodes, holes discharged from the anode
electrode are transferred to the emission layer through a hole
injection layer and a hole transport layer, and are recom-
bined with electrons in the emission layer. Excitons are
generated by the recombination of holes and electrons, and
these excitons are changed from an excited state to a ground
state to allow the emission layer to emit light, thereby
displaying an image.

SUMMARY

[0007] Embodiments are directed to a method of manu-
facturing a light-emitting display device.

[0008] The embodiments may be realized by providing a
method of manufacturing a light-emitting display device, the
method including forming a first electrode on a substrate for
each pixel of a plurality of pixels; forming a pixel defining
film on the first electrode such that the pixel defining film
includes an opening exposing the first electrode; and form-
ing an organic layer on the first electrode, wherein forming
the organic layer includes providing an organic solution into
the opening of the pixel defining film, and drying the organic
solution by performing an exhaust process in a state where
an air current is provided by using a drying gas such that the
air current is sequentially composed of a position facing the
organic solution, a position to which the organic solution is
discharged, and a position facing the organic solution.
[0009] Drying the organic solution may be performed in a
chamber, and drying the organic solution may include an
initial drying process that includes lowering a pressure in the
chamber from a first pressure to a second pressure as the air
current is provided; a diffusion process that includes main-
taining the pressure in the chamber at the second pressure as
the air current is provided; and a residual solvent removing
process that includes lowering the pressure in the chamber
from the second pressure to a third pressure as the air current
is provided.
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[0010] The first pressure may be ambient atmospheric
pressure, the second pressure is 100 torr to 20 torr, and the
third pressure is 107! torr to 10 torr, and the drying gas that
forms the air current may be supplied to the chamber at a
flow rate of 3 standard liter per minute (SLM) to 5 SLM.
[0011] The initial drying process may be performed for 15
sec to 60 sec, and the diffusion process may be performed for
300 sec to 600 sec.

[0012] The diffusion process may further include heating
the substrate to 80° C. to 100° C. using a heating device.
[0013] The initial drying process may include lowering the
pressure in the chamber from ambient atmospheric pressure
to 100 torr for 60 sec while supplying the drying gas at a
flow rate of 3 SLM.

[0014] The diffusion process may include maintaining the
pressure in the chamber at 100 torr for 300 sec while
supplying the drying gas at a flow rate of 3 SLM.

[0015] The drying gas may include N, gas, Ar gas, H, gas,
CO gas, or combinations thereof

[0016] The drying gas used in the initial drying process,
the diffusion process, and the residual solvent removing
process may be N, gas.

[0017] The organic solution may include a mixed solvent
of ethane-1,2-diol, H,O, and propanol alkyl ether; a mixed
solvent of diethylene glycol, a humectant, propanol, an
inorganic additive, and perfluorinated polysulfonic acid; a
mixed solvent that includes 1,3-dimethyl-2-imidazolidinone
(DMI); a mixed solvent that includes cyclohexanol; a mixed
solvent of 4-methylanisole, methyl 1-naphthyl ether, and
2-pyrrolidone; a mixed solvent of 1,2,34-tetrahydronaph-
thalene, methyl 1-naphthyl ether, 2-pyrrolidone, and per-
fluoralkylalkane; a mixed solvent of 4-methylanisole and
cyclohexylbenzene; or a mixed solvent of methyl benzoate
and diethy! phthalate.

[0018] The drying gas used in the initial drying process,
the diffusion process, and the residual solvent removing
process may be N,+H, gas or N,+CO gas.

[0019] The organic solution may include a mixed solvent
of diethylene glycol, a humectant, propanol, an inorganic
additive, and perfluorinated polysulfonic acid, a mixed
solvent that includes DMI; a mixed solvent that includes
cyclohexanol; a mixed solvent of 4-methylanisole, methyl
1-naphthyl ether, and 2-pyrrolidone; a mixed solvent of
1,2,3 4-tetrahydronaphthalene, methyl 1-naphthyl ether,
2-pyrrolidone, and perfluoralkylalkane; a mixed solvent of
4-methylanisole and cyclohexylbenzene; or a mixed solvent
of methyl benzoate and diethyl phthalate.

[0020] The drying gas used in the initial drying process
and the residual solvent removing process may be N,+H,
gas or N,+CO gas, and the drying gas used in the diffusion
process may be N, gas.

[0021] The organic layer may include poly(3,4-ethylene-
dioxythiophene)/polystyrene sulfonate; N,N'-di-1-naphthy]l-
N,N'-diphenyl-1,1'-biphenyl-4,4'-diamine; poly(3,4-ethyl-
enedioxythiophene); N,N'-di(naphthalen-1-y1)-N,N'-
diphenyl-benzidine; tris(8-quinolinorate)aluminum; or poly
(p-phenylenevinylene).

[0022] The organic layer may include a hole injection
layer on the first electrode; a hole transport layer on the hole
injection layer; or an emission layer on the hole transport
layer.

[0023] The embodiments may be realized by providing a
method of forming an organic film pattern, the method
including forming a bank on a substrate such that the bank
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defines a plurality of openings; providing an organic solu-
tion into the openings; and drying the organic solution by
performing an exhaust process in a state where an air current
is provided by using a drying gas such that the air current is
sequentially composed of a position facing the organic
solution, a position to which the organic solution is dis-
charged, and a position facing the organic solution.

[0024] Drying the organic solution may be performed in a
chamber, and drying the organic solution may include an
initial drying process that includes lowering a pressure in the
chamber from a first pressure to a second pressure as the air
current is provided; a diffusion process that includes main-
taining the pressure in the chamber at the second pressure as
the air current is provided; and a residual solvent removing
process that includes lowering the pressure in the chamber
from the second pressure to a third pressure as the air current
is provided.

[0025] The first pressure may be ambient atmospheric
pressure, the second pressure is 100 torr to 20 torr, and the
third pressure is 107" torr to 107* torr, and the drying gas
forming the air current may be supplied to the chamber at a
flow rate of 3 standard liter per minute (SLM) to 5 SLM.
[0026] The diffusion process may further include heating
the substrate to 80° C. to 100° C. using a heating device.
[0027] The drying gas may be N, gas, Ar gas, H, gas, CO
gas, or combinations thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Features will be apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-
ence to the attached drawings in which:

[0029] FIG. 1illustrates a schematic plan view of pixels of
a light-emitting display device according to an embodiment;
[0030] FIG. 2 illustrates a cross-sectional view taken
along the line I-I' of FIG. 1,

[0031] FIG. 3 illustrates a schematic view of a drying
apparatus that is used in the drying process of a hole
injection solution discharged in a pixel defining film in a
method of manufacturing the light-emitting display device
of FIG. 2;

[0032] FIG. 4 illustrates a graph showing an example of
the order of the drying process of the hole injection solution
of FIG. 3;

[0033] FIG. 5 illustrates a cross-sectional view showing
the drving of the hole injection solution in the initial drying
process of FIG. 4;

[0034] FIG. 6 illustrates a cross-sectional view showing
the drying of the hole injection solution in the diffusion
process of FIG. 4;

[0035] FIG. 7 illustrates a cross-sectional view showing a
hole injection layer formed by drying the hole injection
solution by the diffusion process of FIG. 6;

[0036] FIG. 8 illustrates a cross-sectional view showing a
state in which the residual solvent removing process of FIG.
4 is performed on the hole injection layer;

[0037] FIG. 9 illustrates a cross-sectional view showing
the drying of the hole injection solution in the initial drying
process of FIG. 4 in a method of manufacturing a light-
emitting display device according to another embodiment;
[0038] FIG. 10 illustrates a cross-sectional view showing
the drying of the hole injection solution in the diffusion
process of FIG. 4 in a method of manufacturing a light-
emitting display device according to another embodiment;
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[0039] FIG. 11 illustrates a cross-sectional view showing
a hole injection layer formed by drying the hole injection
solution by the diffusion process of FIG. 10;

[0040] FIG. 12 illustrates a cross-sectional view showing
a state in which the residual solvent removing procedure of
FIG. 4 is performed on the hole injection layer in a method
of manufacturing a light-emitting display device according
to another embodiment;

[0041] FIG. 13 illustrates a graph showing an example of
the order of the drying process of the hole injection solution
in a method of manufacturing a light-emitting display device
according to still another embodiment;

[0042] FIG. 14 illustrates a cross-sectional view showing
the drying of the hole injection solution in the initial drying
process of FIG. 13;

[0043] FIG. 15 illustrates a cross-sectional view showing
the drying of the hole injection solution in the diffusion
process of FIG. 13;

[0044] FIG. 16 illustrates a cross-sectional view showing
a hole injection layer formed by drying the hole injection
solution by the diffusion process of FIG. 15; and

[0045] FIG. 17 illustrates a cross-sectional view showing
the drying of the hole injection solution in the residual
solvent removing process of FIG. 13.

DETAILED DESCRIPTION

[0046] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the
art.

[0047] In the drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration. In
addition, it will also be understood that when a layer is
referred to as being “between” two layers, it can be the only
layer between the two layers, or one or more intervening
layers may also be present.

[0048] It will also be understood that when a layer is
referred to as being “on” another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers
may also be present. The same reference numbers indicate
the same components throughout the specification.

[0049] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another element, component, region, layer or
section. Thus, a first element, component, region, layer, or
section discussed below could be termed a second element,
component, region, layer, or section without departing from
the teachings of the present application.

[0050] FIG. 1 illustrates a schematic plan view showing
pixels of a light-emitting display device according to an
embodiment, and FIG. 2 illustrates a cross-sectional view
taken along the line I-I' of FIG. 1.

[0051] Referring to FIGS. 1 and 2, a light-emitting display
device 100 according to an embodiment may include a
substrate 105, a first electrode 110, a pixel defining film 120,
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an organic layer OL, and a second electrode 180. These
members may be sequentially laminated in a Z-axis direc-
tion of FIG. 2.

[0052] The substrate 105 may include a display area DA
(including a plurality of pixels PX displaying an image) and
a non-display area NDA (located outside the display area
DA). The plurality of pixels PX may be arranged along a
first direction (X-axis direction) and a second direction
(Y-axis direction) crossing the first direction to have a matrix
form, and may include a red pixel emitting red light, a green
pixel emitting green light, and a blue pixel emitting blue
light.

[0053] The substrate 105 may include an insulating sub-
strate. The insulating substrate may be formed of a trans-
parent glass material containing transparent SiO, as a main
component. In an implementation, the insulating substrate
may be made of an opaque material, or may be made of a
plastic material. In an implementation, the insulating sub-
strate may be a flexible substrate.

[0054] In an implementation, the substrate 105 may fur-
ther include other structures formed on the insulating sub-
strate. Examples of other structures may include a wiring, an
electrode, an insulating film, and the like. In an implemen-
tation, the substrate 105 may include a plurality of thin film
transistors. At least one drain electrode of the plurality of
thin film transistors may be electrically connected to the first
electrode 110. The thin film transistor may include an active
region made of, e.g., amorphous silicon, polycrystalline
silicon, or monocrystalline silicon. In an implementation,
the thin film transistor may include an active region made of,
e.g., an oxide semiconductor.

[0055] The first electrode 110 may be on the substrate 105
for or corresponding to each pixel PX. For example, each
pixel PX may include one first electrode 110. The first
electrode 110 may be an anode electrode for receiving
signals applied to the drain electrode of the thin film
transistor and providing holes to an emission layer 150 of the
organic layer OL, or may be a cathode electrode for receiv-
ing the signals applied to the drain electrode of the thin film
transistor and providing electrons to the emission layer 150
of the organic layer OL.

[0056] The first electrode 110 may be a transparent elec-
trode or a reflective electrode. When the first electrode 110
is a transparent electrode, this first electrode 110 may be
made of indium tin oxide (ITO), indium zinc oxide (I170),
zine oxide (ZnO), or In,O;. When the first electrode 110 is
a reflective electrode, this first electrode 110 may be fabri-
cated by forming a reflective film using Ag, Mg, Al, Pt, Pd,
Au, Ni, Nd, Ir, Cr, or a compound thereof and then applying
ITO, 1Z0, ZnO or In,O; onto the reflective film. In an
implementation, the first electrode 110 may be formed by
photolithography.

[0057] The pixel defining film 120 is formed on the
substrate 105 and may have an opening 121 exposing the
first electrode 110. The pixel defining film 120 may divide
or separate the respective pixels PX on the substrate 105.
The pixel defining film 120 may facilitate the formation of
the organic layer OL on the first electrode 110 through the
opening 121. The pixel defining film 120 may be made of an
insulating material. For example, the pixel defining film 120
may be made of benzocyclobutene (BCB), polyimide (PI),
polyamide (PA), acryl resin, or phenol resin. In an imple-
mentation, the pixel defining film 120 may be made of an
inorganic material such as silicon nitride.
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[0058] In an implementation, when the organic layer OL
(e.g., a hole injection layer 130, a hole transport layer 140,
and/or an emission layer 150) is formed by discharging or
providing an organic solution (e.g., a hole injection solution,
a hole transport solution, and a light-emitting solution) into
the opening 121 of the pixel defining film 120 using a
solution coating method, such as ink-jet printing or nozzle
printing, the pixel defining film 120 may have liquid repel-
lency in order to prevent the organic solution from going out
of the opening 121 of the pixel defining film 120. For this
purpose, the pixel defining film 120 may be formed of an
insulating material allowing the contact angle of the organic
solution to the pixel defining film 120 to be about 40° or
more. In an implementation, the pixel defining film 120 may
be made of an organic insulating material, such as a polymer
resin containing fluorine. For example, the pixel defining
film may be made of benzocyclobutene (BCB), polyimide
(PI), polyamide (PA), acryl resin, and/or phenol resin. In an
implementation, the pixel defining film 120 may be formed
by photolithography. The ink-jet printing method is a
method of dropping a printing solution at desired positions
in the form of ink droplets. The nozzle printing is a meth of
flowing a printing solution along the line including desired
positions.

[0059] The organic layer OL may be formed on the first
electrode 110 that is exposed through the opening 121 in the
pixel defining film 120. The organic layer OL may include,
e.g., a hole injection layer 130, a hole transport layer 140, an
emission layer 150, an electron transport layer 160, and/or
an electron injection layer 170.

[0060] The hole injection layer 130 may be in the opening
121 of the pixel defining film 120 along the first electrode
110 and a lateral side of the pixel defining film 120. The hole
injection layer 130 may be formed by providing a hole
injection solution (including a hole injection material and a
solvent) into the opening 121 of the pixel defining film 120
using a solution coating method, e.g., ink-jet printing or
nozzle printing and drying the hole injection solution. In this
case, the hole injection layer 130 may have a thickness that
is reduced from the first electrode 110 toward the lateral side
of the pixel defining film 120. The reason for this is that the
pixel defining film 120 may have a predetermined wettabil-
ity relative to the hole injection solution even though the
pixel defining film 120 is formed to have liquid repellency.
[0061] The hole injection laver 130, which is a buffer layer
for lowering energy barrier between the first electrode 110
and the hole transport layer 140, may facilitate injection of
holes from the first electrode 110 into the hole transport layer
140. For this purpose, the hole injection layer 130 may be
made of a hole injection material having appropriate elec-
trical conductivity and hole conductivity. In an implemen-
tation, the hole injection layer 130 may include, e.g,
MTDATA  (4,4',4"-tris(3-methylphenylphenylamino)triph-
enylamine), CuPc (copper phthalocyanine), or PEDOT/PSS
(poly(3,4-ethylenedioxythiophene)/polystyrene sulfonate).
[0062] The hole transport layer 140 may be on the hole
injection layer 130 in the opening 121 of the pixel defining
film 120. The hole transport layer 140 may be formed by
providing a hole transport solution (including a hole trans-
port material and a solvent) into the opening 121 of the pixel
defining film 120 using a solution coating method, e.g,,
ink-jet printing or nozzle printing, and drying the hole
transport solution. In this case, the hole transport layer 140
may have a thickness that is reduced from the first electrode
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110 toward the lateral side of the pixel defining film 120. The
reason for this is that the pixel defining film 120 may have
a predetermined wettability to the hole transport solution
even though the pixel defining film 120 is formed to have
liquid repellency.

[0063] The hole transport layer 140 may transport the
holes from the hole injection layer 130 to the emission layer
150. The hole transport layer 140 may be made of a hole
transport material having lower electrical conductivity than
the hole injection layer 130. For example, the hole transport
layer 140 may include NPD (N,N-di-1-naphthyl-N,N'-di-
phenyl-1,1"-biphenyl-4,4'-diamine), TPD (N,N-diphenyl-N,
N'-bis(3-methylphenyl)-1,1'-bi-phenyl-4,4'-diamine),
PEDOT (poly(3,4-ethylenedioxythiophene)), or NPB (N,N'-
di(naphthalen-1-y1)-N,N'-diphenyl-benzidine).

[0064] The emission layer 150 may be on the hole trans-
port layer 140 in the opening 121 of the pixel defining film
120. The emission layer 150 may be formed by providing a
light-emitting solution (including a luminous material and a
solvent) into the opening 121 of the pixel defining film 120
using a solution coating method, e.g., ink-jet printing or
nozzle printing and drying the light-emitting solution. In this
case, the emission layer 150 may have a thickness that is
reduced from the first electrode 110 toward the lateral side
of the pixel defining film 120. The reason for this is that the
pixel defining film 120 may have a predetermined wettabil-
ity to the light-emitting solution even though the pixel
defining film 120 is formed to have liquid repellency.
[0065] The emission layer 150 may emit light by recom-
bining the holes provided from the first electrode with
electrons provided from the second electrode 180. For
example, when holes and electrons are provide to the
emission layer 150, the holes and electrons are recombined
with each other to generate excitons, and these excitons are
changed from an excited state to a ground state to allow the
emission layer 150 to emit light. The emission layer 150 may
be made of a luminous material having lower electrical
conductivity than the hole injection layer 130 and having
similar electrical conductivity to the hole transport layer
140. The emission layer 150 may include a red emission
layer for emitting red light, a green emission layer for
emitting green light, and a blue emission layer for emitting
blue light.

[0066] The red emission layer may include a host and a red
dopant. Examples of the host of the red emission layer may
include Alg, (tris(8-quinolinorate)aluminum), CBP (4,4'-N,
N'-dicarbazol-biphenyl), PVK (poly(n-vinylcarbazole)),
ADN (9,10-Di(naphthyl-2-yl)anthracene), TCTA (4,4'4"-
tris(N-carbazolyl triphenylamine), TPBI (1,3,5-tris(N-phe-
nylbenzimidazol-2-yl)benzene), TBADN (3-tert-butyl-9,10-
di(naphth-2-ylanthracene), E3 (terfluorene), and DSA
(distyrylarylene).

[0067] The green emission layer may include a green
luminous material or include ahost or a green dopant. As the
host of the green emission layer, the host of the red emission
layer may be used. Examples of the green dopant may
include Tr(ppy);, Ir(ppy).(acac), and Ir(mpyp),.

[0068] The blue emission layer may include a blue lumi-
nous material or include a host or a blue dopant. As the host
of the blue emission layer, the host of the red emission layer
may be used. Examples of the blue dopant may include
F,yIrpic, (Foppy),lr(tmd), Ir(dfppz),, terfluorene, DPAVBi
(4,4'-bis(4-diphenylaminostyryl) biphenyl), and TBPe (2,5,
8,11-tetra-tert-butyl perylene).
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[0069] The electron transport layer 160 may be on the
emission layer 150. The electron transport layer 160 may
transport the electrons from the second electrode 180
through the electron injection layer 170 to the emission layer
150. The electron transport layer 160 may be made of an
organic compound, e.g., Bphen (4,7-diphenyl-1,10-phenan-
throline), BAlq (aluminum(TIT)bis(2-methyl-8-hydroxyqui-
nolinato)4-phenylphenolate), Alq,(tris(-quinolinorate)alu-
minum), Bebq, (berylliumbis(benzoquinolin-10-olate), and/
or TPBI (1,3,5-tris(N-phenylbenzimidazole-2-yl)benzene).
In an implementation, the electron transport layer 160 may
be formed by deposition.

[0070] The electron injection layer 170 may be on the
electron transport layer 160. The electron injection layer
170, which is a buffer layer for lowering energy barrier
between the electron transport layer 160 and the second
electrode 180, may facilitate injection of the holes from the
second electrode 180 into the electron transport layer 160.
For example, the electron injection layer 170 may be made
of LiF or CsF. In an implementation, the electron injection
layer 170 may be formed by deposition.

[0071] The second electrode 180 may be on the electron
injection layer 170, and may be a cathode electrode provid-
ing electrons to the emission layer 150 or an anode electrode
providing holes to the emission layer 150. The second
electrode 180, similar to the first electrode 110, may be a
transparent electrode or a reflective electrode. In an imple-
mentation, the second electrode 180 may be formed by
deposition.

[0072] In an implementation, the light-emitting display
device 100 may further include a sealing substrate on the
second electrode 180. The sealing substrate may be an
insulating substrate. A spacer may be disposed between the
second electrode 180 and the sealing substrate on the pixel
defining film 120. In an implementation, the sealing sub-
strate may be omitted. In this case, a sealing film made of an
insulating material may cover and protect all the structures.
[0073] As described above, the light-emitting display
device according to an embodiment may include the hole
injection layer 130, the hole transport layer 140, and the
emission layer 150, which are formed by a printing method
including a simple manufacturing process, thereby realizing
a display device through a simple manufacturing process.
[0074] Hereinafter, a method of manufacturing the light-
emitting display device 100 according to an embodiment
will be described.

[0075] FIG. 3 illustrates a schematic view of a drying
apparatus that is used in the drying process of a hole
injection solution discharged in a pixel defining film in a
method of manufacturing the light-emitting display device
of FIG. 2; FIG. 4 illustrates a graph showing an example of
the order of the drying process of the hole injection solution
of FIG. 3; FIG. 5 illustrates a cross-sectional view showing
the drying of the hole injection solution in the initial drying
process of FIG. 4; FIG. 6 illustrates a cross-sectional view
showing the drying of the hole injection solution in the
diffusion process of FIG. 4; FIG. 7 illustrates a cross-
sectional view showing a hole injection layer formed by
drying the hole injection solution by the diffusion process of
FIG. 6; and FIG. 8 illustrates a cross-sectional view showing
a state in which the residual solvent removing process of
FIG. 4 is performed on the hole injection layer.

[0076] First, a first electrode 110 may be formed on a
substrate 105 including a plurality of pixels (PX of FIG. 1)
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such that one first electrode 110 is formed for each pixel PX,
and a pixel defining film 120 (dividing the pixels PX and
having an opening 120 exposing the first electrode 110) may
be formed on the substrate 105.

[0077] The first electrode 110 may be formed by depos-
iting and patterning at least one of a transparent electrode
material and a reflective electrode material on the substrate
105. The plurality of pixels (PX of FIG. 1) may include a red
pixel emitting red light, a green pixel emitting green light,
and a blue pixel emitting blue light.

[0078] The pixel defining film 120 may be formed by
depositing an insulating material on an entire surface of the
substrate 105 (e.g., to cover the first electrode 110) and
patterning the deposited insulating material.

[0079] Meanwhile, when the organic layer OL (e.g., a hole
injection layer 130, a hole transport layer 140, and an
emission layer 150) is formed by providing an organic
solution (e.g., a hole injection solution, a hole transport
solution, and a light-emitting solution) into the opening 121
of the pixel defining film 120 using a solution coating
method, such as ink-jet printing or nozzle printing, the pixel
defining film 120 may have liquid repellency in order to help
prevent the organic solution from going out of the opening
121 of the pixel defining film 120. For this purpose, the pixel
defining film 120 may be formed of an insulating material
allowing the contact angle of the organic solution to the
pixel defining film 120 to be about 40° or more.

[0080] Subsequently, the hole injection layer (130 of FIG.
2) of the organic layer (OL of FIG. 2) may be formed on the
first electrode 110.

[0081] For example, a hole injection solution 130a (in-
cluding a hole injection material and a solvent) may be
applied onto the first electrode 110 in the opening 121 of the
pixel defining film 120 using a solution coating method such
as ink-jet printing or nozzle printing. Then, when the hole
injection solution 130a in the opening 121 of the pixel
defining film 120 may be dried by a reduced pressure drying
method using a drying apparatus 10 of FIG. 3, the hole
injection layer (130 of FIG. 2) may be formed.

[0082] Referring to FIG. 3, the drying apparatus 10 may
include, e.g., a chamber 11, a support 12, an exhaust device
13, an exhaust pipe 14, a pressure control valve 15, a gas
spray unit 16, a gas supply source 17, a gas supply pipe 18,
a gas supply control valve 19, and a hood 20.

[0083] The chamber 11 may provide a space for drying the
hole injection solution 130« in the opening 121 of the pixel
defining film 120 on the substrate 105. In an implementa-
tion, a side wall of the chamber 11 may be provided with an
inlet for introducing the substrate 105 and an outlet for
sending or extricating the substrate 105.

[0084] The support 12 may be disposed at a lower portion
of the inside of the chamber 11, and may support the
substrate 105 in the chamber 11. The support 12 may be
supported by a support column 12a. In an implementation,
the support 12 may include a lifting mechanism for adjusting
the height of the support 12 thereon with the substrate 105,
e.g., a lift pin. In an implementation, the support 12 may
further include a heating device for heating the substrate 105
to aid the drying of the hole injection solution 130a in the
opening 121 of the pixel defining film 120 on the substrate
105 through an exhaust process.

[0085] The exhaust device 13 may be disposed outside the
chamber 11, and may perform a pressure action for dis-
charging the gas in the chamber 11 to the outside of the
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chamber 11. The exhaust device 13 may be composed of at
least one of a dry pump and a turbo pump.

[0086] The exhaust pipe 14 may be disposed between the
exhaust device 13 and the chamber 11. The exhaust pipe may
serve as a passage for discharging the gas in the chamber 11
to the outside of the chamber 11 when an exhaust process is
performed by the exhaust device 13.

[0087] The pressure control valve 15 may be provided in
the exhaust pipe 14. The pressure control valve 15 may
control the pressure action caused by the exhaust device 13
by adjusting an opening degree of the exhaust pipe 14.
[0088] When the exhaust device 13 is operated and the
opening degree of the pressure control valve 15 is adjusted,
a reduced pressure exhaust process for reducing the pressure
in the chamber 11 from ambient atmospheric pressure (e.g.,
about 760 torr) to a predetermined reduced pressure may be
performed, and thus drying of the hole injection solution
1304 in the opening 121 of the pixel defining film 120 on the
substrate 105 may be performed.

[0089] The gas spray unit 16 may be disposed over the
support 12 in the chamber 11. The gas spray unit 16 may
receive a drying gas, e.g., an inert gas, from the gas supply
source 17 and may spray the drying gas toward the substrate
105 on the support 12. The gas spray unit 16 may include,
e.g., at least one gas distribution pipe 164, a plurality of gas
spray pipes 164, and a plurality of gas spray holes 16¢.
[0090] The gas distribution pipe 16a may extend along the
first direction (X-axis direction), and may be connected with
the gas supply pipe 18. The gas distribution pipe 16a¢ may
receive drying gas supplied from the gas supply source 17
through the gas supply pipe 18, and may distribute the
drying gas to the plurality of gas spray pipes 165.

[0091] The plurality of gas spray pipes 166 may extend
from the gas distribution pipe 16a along the second direction
(Y-axis direction), and may be connected with the gas
distribution pipe 16a. The plurality of gas spray pipes 165
may receive drying gas from the gas distribution pipe 16a.
[0092] The plurality of gas spray holes 16¢ may be dis-
posed at a portion of each gas spray pipe 165, the portion
facing the support 12. The plurality of gas spray holes 16¢
may provide a passage for spraying the drying gas in each
gas spray pipe 165 toward the substrate 105 on the support
12.

[0093] The drying gas sprayed toward the substrate 105
may form an air current allowing the gas, moisture, and
impurities generated at the time of evaporation of a solvent
from the hole injection solution to flow toward the exhaust
pipe 14 over the chamber 11 during the exhaust process for
drying the hole injection solution 130q in the opening 121 of
the pixel defining film 120 on the substrate 105, thereby
reducing absorption of the gas, moisture, and impurities
generated at the time of evaporation of the solvent of the
hole injection solution 130a, while shortening the exhaust
passage of the gas, moisture, and impurities generated at the
time of evaporation of the solvent.

[0094] The gas supply source 17 may store drying gas and
may supply the drying gas into the chamber 11. In an
implementation, the drying gas may include, e.g., N, gas, Ar
gas, H, gas, CO gas, or combinations thereof.

[0095] The gas supply pipe 18 may be disposed between
the gas supply source 17 and the gas distribution pipe 16a,
and may form a passage for supplying the drying gas from
the gas supply source 17 to the gas distribution pipe 16a.
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[0096] The gas supply control valve 19 may adjust the
opening degree of the gas supply pipe 18 to control a flow
rate and spray speed of the drying gas supplied from the gas
supply source 17 to the gas distribution pipe 16a.

[0097] The hood 20 may be disposed between the support
and the exhaust pipe 14 at an upper portion of the chamber
11. The hood 20 may guide the gas, moisture, and impurities
generated at the time of evaporation of a solvent from the
hole injection solution 1304 to flow toward the exhaust pipe
14 when the drying of the hole injection solution 130a in the
opening 121 of the pixel defining film 120 on the substrate
105 proceeds. The size of the hood 20 may be equal to or
larger than that of the substrate 105, and it is possible to help
prevent the gas, moisture, and impurities generated at the
time of evaporation of the solvent from the hole injection
solution 130a from being attached to another space other
than the exhaust pipe 14, e.g., the inner wall of the chamber
11, during the exhaust process for drying the hole injection
solution 130a. If the gas, moisture, and impurities generated
at the time of evaporation of the solvent from the hole
injection solution 130a were to be attached to the inner wall
of the chamber 11, they could be absorbed into the hole
injection solution 130¢ during the exhaust process, thereby
acting as contaminants.

[0098] Referring to FIG. 4, the process of drying the hole
injection solution in the opening 121 of the pixel defining
film 120 through a reduced pressure drying method using the
drying apparatus 10 may include an initial drying process
S1, a diffusion process S2, and a residual solvent removing
process S3. In the graph of FIG. 4, the horizontal axis
represents time, and the vertical axis represents pressure in
the chamber (11 of FIG. 3).

[0099] First, in the initial drying process S1, the substrate
105, on which the hole injection solution is provided in the
opening 121 of the pixel defining film 120, may be intro-
duced into the chamber 11 and fixed on the support 12, and
then the exhaust device 13 may be operated to exhaust the
inside of the chamber 11 under reduced pressure. Simulta-
neously, drying gas, such as N, gas, supplied from the gas
supply source 17 to the gas supply pipe 18 may be sprayed
into the chamber 11, e.g., toward the hole injection solution
130a in the opening 121 of the pixel defining film 120
through the plurality of gas spray holes 16c¢. In this case, as
shown in FIG. 5, N, gas may form an air current AC, which
is sequentially composed of a position facing the hole
injection solution 130e, a position to which the hole injec-
tion solution 130a is discharged, and a position facing the
hole injection solution 130a, over the hole injection solution
130a. For example, the air current AC may flow in a circular
pattern such that the air current flows toward the hole
injection solution 130a, over the hole injection solution
130a, and away from the hole injection solution 130« to
complete a circular cycle that is repeated. When the inside
of the chamber 11 is exhausted under reduced pressure in a
state where such an air current AC is formed, about 90% of
a solvent may be evaporated from the hole injection solution
130qa, and simultaneously the absorption of the gas, mois-
ture, and impurities generated at the time of evaporation of
the solvent (e.g., 057, H,O, and F~ that may be evaporated
from the pixel defining film 120) into the hole injection
solution 130a may be reduced.

[0100] In an implementation, in the initial drying process
S1, the exhaust process may be performed for the first time
up to the first time point T1, e.g., about 15 sec to about 60
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sec, such that the pressure in the chamber 11 is changed from
first pressure P1 (e.g., ambient atmospheric pressure) to
second pressure P2 (e.g., down to about 100 torr to about 20
torr). In this case, N, gas supplied from the gas supply
source 17 to the gas supply pipe 18 may have a flow rate of
about 3 SLM (standard liter per minute) to about 5 SLM. In
an implementation, in the initial drying process S1, when the
exhaust process is performed for about 60 sec such that the
pressure in the chamber is 100 torr and the N, gas supplied
from the gas supply source 17 to the gas supply pipe 18 has
a flow rate of about 3 SLM (standard liter per minute), there
may be an effect in reducing the absorption of the gas,
moisture, and impurities generated at the time of evapora-
tion of the solvent from the hole injection solution 130« into
the hole injection solution 130a.

[0101] The solvent of the hole injection solution 130q,
into which N, gas supplied from the gas supply source 17 to
the gas supply pipe 18 is applied, may be, e.g., a mixed
solvent of ethane-1,2-diol, H,O, and propanol alkyl ether; a
mixed solvent of diethylene glycol, a humectant, propanol,
an inorganic additive, and perfluorinated polysulfonic acid,
a mixed solvent containing DMI (1,3-dimethyl-2-imidazo-
lidinone); or a mixed solvent containing cyclohexanol (e.g,,
a mixed solvent of cyclohexanol and DMI (1,3-dimethyl-2-
imidazolidinone)).

[0102] Subsequently. in the diffusion process S2, the pres-
sure in the chamber 11 may be maintained at the second
pressure P2 until the second time T2 by maintaining the
exhaust process and N, gas spray by the operation of the
exhaust device. Here, the time for which the second pressure
P2 is maintained corresponds with a difference between the
second time point T2 and the first time point T1, and may be
about 300 sec to about 600 sec. As such, when the pressure
in the chamber 11 is maintained at the second pressure P2 by
the exhaust process and N, gas spray by the operation of the
exhaust device 13, as shown in FIG. 6, about 10% of a
solvent of the hole injection solution 130¢ may be evapo-
rated while the air current is maintained. In this case, about
10% of a solvent of the hole injection solution 130a may be
evaporated while contributing to the diffusion D or spread-
ing of a hole injection material, and the absorption of the
gas, moisture, and impurities generated at the time of
evaporation of the solvent (e.g., O;~, H,O, and F~ that may
be evaporated from the pixel defining film 120) into the hole
injection solution 130a may be reduced. Therefore, as
shown in FIG. 7, the hole injection layer 130 formed by the
drying of the hole injection solution 130a may be flattened
without attachment of impurities. In an implementation, in
the diffusion process S2, when the pressure in the chamber
11 is maintained at 100 torr for 300 sec, the flatness of the
hole injection layer 130 formed by the drying of the hole
injection solution 130a may be high.

[0103] In an implementation, in the diffusion process S2,
a procedure of heating the substrate 105 using a heating
device of the support 12 may be additionally performed in
order to aid the drying of the hole injection solution 130a.
In this case, a heating temperature caused by the heating
device may be about 80° C. to about 100° C.

[0104] Subsequently. in the residual solvent removing
process S3, a reduced pressure exhaust for lowering the
pressure in the chamber 11 from the second pressure P2 to
the third pressure P3 may be performed by controlling the
operation of the exhaust device 13 while maintaining the
spray of N, gas. In an implementation, the third pressure P3
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may be about 107! torr to about 10~ torr. In the diffusion
process S2 or the residual solvent removing process S3,
most of the solvent of the hole injection solution 130a may
be evaporated by performing the reduced pressure exhaust.
However, even when the solvent remains in the hole injec-
tion layer 130, as shown in FIG. 8, the residual solvent can
be removed from the hole injection layer 130 while the air
current is maintained. In an implementation, the third time
point T3 at which the residual solvent removing process S3
is completed (e.g., the length of time that the residual solvent
removing process S3 is performed) may be changed depend-
ing on the kind of the solvent of the hole injection solution
130a.

[0105] The hole injection solution 130a may be dried
through the above procedure, thereby improving film char-
acteristics and forming the flat hole injection layer 130.
[0106] Subsequently, the hole transport layer (140 of FIG.
2) may be formed on the hole injection layer (130 of FIG.
2).

[0107] For example, a hole transport solution (including a
hole transport material and a solvent) may be provided onto
the hole injection layer (130 of FIG. 2) in the opening 121
of the pixel defining film 120 using a solution coating
method such as ink-jet printing or nozzle printing. Then,
when the hole transport solution in the opening 121 of the
pixel defining film 120 is dried by a reduced pressure drying
method using the drying apparatus 10 of FIG. 3, the hole
transport layer (140 of FIG. 2) may be formed.

[0108] The drying method of the hole transport solution
may be the same as that of the hole injection solution 130q,
and a description thereof may be be omitted.

[0109] In an implementation, the solvent of the hole
transport solution, to which the spray of N, gas supplied
from the gas supply source 17 to the gas supply pipe 18 is
applied, may include, e.g., a mixed solvent of 4-methylani-
sole, methyl 1-naphthyl ether, and 2-pyrrolidone; a mixed
solvent of 1,2,3 4-tetrahydronaphthalene, methyl 1-naphthyl
ether, 2-pyrrolidone, and perfluoralkylalkane; or a mixed
solvent of 4-methylanisole and cyclohexylbenzene.

[0110] Subsequently, the emission layer (150 of FIG. 2)
may be formed on the hole transport layer (140 of FIG. 2).
[0111] For example, a light-emitting solution (including a
luminous material and a solvent) may be provided onto the
hole transport layer (140 of F1G. 2) in the opening 121 of the
pixel defining film 120 using a solution coating method such
as ink-jet printing or nozzle printing. Then, when the light-
emitting solution in the opening 121 of the pixel defining
film 120 is dried by a reduced pressure drying method using
the drying apparatus 10 of FIG. 3, the emission layer (150
of FIG. 2) is formed.

[0112] The drying method of the light-emitting solution
may be the same as that of the hole injection solution 130a,
a description thereof will be omitted.

[0113] In an implementation, the solvent of the light-
emitting solution, to which the spray of N, gas supplied from
the gas supply source 17 to the gas supply pipe 18 is applied,
may include, e.g., a mixed solvent of methyl benzoate and
diethyl phthalate or a mixed solvent of 4-methylanisole and
cyclohexylbenzene.

[0114] Subsequently, the electron transport layer (160 of
FIG. 2), the electron injection layer (170 of FIG. 2), and the
second electrode (180 of FIG. 2) may be sequentially is
formed on the emission layer (150 of FIG. 2). The electron
transport layer (160 of FIG. 2), the electron injection layer
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(170 of FIG. 2), and the second electrode (180 of FIG. 2)
may be formed by deposition.

[0115] Inan implementation, the method of manufacturing
a light-emitting device according to an embodiment may
further include disposing a sealing substrate on the second
electrode 180. In an implementation, the method of manu-
facturing a light-emitting device according to an embodi-
ment may further include disposing a spacer between the
second electrode 180 and the sealing substrate. Various
suitable methods for disposing the sealing substrate and
disposing the spacer may be used.

[0116] In the method of manufacturing a light-emitting
device according to an embodiment, drying gas, e.g., N, gas,
may be sprayed to form an air current that shortens the
exhaust passage of the gas, moisture, and impurities gener-
ated at the time of evaporation of a solvent from an organic
solution, thereby reducing the absorption of the gas, mois-
ture, and impurities generated at the time of evaporation of
the solvent from the organic solution into the organic
solution.

[0117] The method of manufacturing a light-emitting
device according to an embodiment may include a diffusion
process or spreading process during which the pressure in
the chamber 11 is maintained at predetermined pressure for
a predetermined period of time by maintaining the exhaust
process caused by the operation of the exhaust device 13 and
the spray of N, gas into the organic solution during the
drying of the organic solution, so that an organic material
may be diffused or spread by a small amount of the solvent
in a state where most of the solvent has been evaporated
from the organic solvent, thereby forming a flat organic
layer.

[0118] Thus, in the method of manufacturing a light-
emitting device according to an embodiment, film charac-
teristics may be improved, and the organic layer having high
flatness may be formed, thereby improving the luminous
efficiency of the light-emitting display device.

[0119] Accordingly, it is possible to manufacture a light-
emitting display device having improved display quality and
life span.

[0120] Next, a method of manufacturing the light-emitting
display device 100 according to another embodiment will be
described.

[0121] FIG. 9 illustrates a cross-sectional view showing
the drying of the hole injection solution in the initial drying
process of FIG. 4 in a method of manufacturing a light-
emitting display device according to another embodiment;
FIG. 10 illustrates a cross-sectional view showing the drying
of the hole injection solution in the diffusion process of FIG.
4 in a method of manufacturing a light-emitting display
device according to another embodiment; FIG. 11 illustrates
a cross-sectional view showing a hole injection layer formed
by drying the hole injection solution spread by the diffusion
process of FIG. 10; and FIG. 12 illustrates a cross-sectional
view showing a state in which the residual solvent removing
procedure of FIG. 4 is performed on the hole injection layer
in a method of manufacturing a light-emitting display device
according to another embodiment.

[0122] The method of manufacturing a light-emitting dis-
play device according to the present embodiment is the same
as the aforementioned embodiment except that a hole injec-
tion layer forming method, a hole transport layer forming
method, and an emission layer forming method are different.
Therefore, in method of manufacturing a light-emitting
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display device according to the present embodiment, a hole
injection layer forming method, a hole transport layer form-
ing method, and an emission layer forming method will be
described.

[0123] First, in the step of forming the hole injection layer
(130 of FIG. 2) of the organic layer (OL of FIG. 2) on the
first electrode 110, the method of providing the hole injec-
tion solution 1304 onto the first electrode in the opening of
the pixel defining film 120 is the same as the aforementioned
method.

[0124] Here, the drying method of the hole injection
solution in the opening 121 of the pixel defining film 120
may be similar to the aforementioned drying method using
the drying apparatus 10 of FIG. 3, but an air current AC1
may be formed by using N,+H, gas or N,+CO gas as the
drying gas to be sprayed onto the hole injection solution
130a.

[0125] The air current AC1 formed by N,+H, gas or
N,+CO gas, as shown in FIGS. 9 to 12 (corresponding to
FIGS. 4 to 8), may be advantageous in reducing the absorp-
tion of O;” into the hole injection solution 130a and reduc-
ing moisture at the time of evaporation of a solvent from the
hole injection solution 130a.

[0126] The solvent of the hole injection solution, into or
onto which N,+H, gas or N,+CO gas is sprayed. may
include, e.g., a mixed solvent of diethylene glycol, a humec-
tant, propanol, an inorganic additive, and perfluorinated
polysulfonic acid; a mixed solvent containing DMI (1,3-
dimethyl-2-imidazolidinone); or a mixed solvent containing
cyclohexanol (e.g., a mixed solvent of cyclohexanol and
DMI (1,3-dimethyl-2-imidazolidinone)).

[0127] Subsequently, in the step of forming the hole
transport layer (140 of FIG. 2) on the hole injection layer
(130 of FIG. 2), the method of providing a hole transport
solution onto the hole injection layer (130 of FIG. 2) in the
opening of the pixel defining film 120 is the same as the
aforementioned method.

[0128] Here, the drying method of the hole transport
solution in the opening 121 of the pixel defining film 120
may be similar to the aforementioned drying method using
the drying apparatus 10 of FIG. 3, but the drying method
may be performed by using N,+H, gas or N,+CO gas as the
drying gas to be sprayed onto the hole transport solution.
[0129] The solvent of the hole transport solution, on which
N,+H, gas or N,+CO gas is sprayed, may include, e.g., a
mixed solvent of 4-methylanisole, methyl 1-naphthyl ether,
and 2-pyrrolidone; a mixed solvent of 1,2,3,4-tetrahy-
dronaphthalene, methyl 1-naphthyl ether, 2-pyrrolidone, and
perfluoralkylalkane; or a mixed solvent of 4-methylanisole
and cyclohexylbenzene.

[0130] Subsequently, in the step of forming the emission
layer (150 of FIG. 2) on the hole transport layer (140 of FIG.
2), the method of providing a light-emitting solution onto the
hole transport layer (140 of FIG. 2) in the opening of the
pixel defining film 120 may be the same as the aforemen-
tioned method.

[0131] Here, the drying method of the light-emitting solu-
tion in the opening 121 of the pixel defining film 120 may
be similar to the aforementioned drying method using the
drying apparatus 10 of FIG. 3, but the drying method may
be performed by using N,+H, gas or N,+CO gas as the
drying gas to be sprayed onto the light-emitting solution.
[0132] The solvent of the light-emitting solution, onto
which N,+H, gas or N,+CO gas is sprayed, may include,
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e.g., a mixed solvent of methyl benzoate and diethyl phtha-
late or a mixed solvent of 4-methylanisole and cyclohexyl-
benzene.

[0133] As described above, in the method of manufactur-
ing a light-emitting display device according to present
embodiment, an organic film vulnerable to O~ or moisture
may be formed or used, due to the use of N,+H, gas or
N,+CO gas as the drying gas to be sprayed onto the organic
solution during the exhaust process for drying the organic
solution.

[0134] Next, a method of manufacturing the light-emitting
display device 100 according to still another embodiment
will be described.

[0135] FIG. 13 illustrates a graph showing an example of
the order and timing of the drying process of the hole
injection solution in a method of manufacturing a light-
emitting display device according to still another embodi-
ment; FIG. 14 illustrates a cross-sectional view showing the
drying of the hole injection solution in the initial drying
process of F1G. 13; FIG. 15 illustrates a cross-sectional view
showing the drying of the hole injection solution in the
diffusion process of FIG. 1; FIG. 16 illustrates a cross-
sectional view showing a hole injection layer formed by
drying the hole injection solution by the diffusion process of
FIG. 15; and FIG. 17 illustrates a cross-sectional view
showing the drying of the hole injection solution in the
residual solvent removing process of FIG. 13.

[0136] The method of manufacturing a light-emitting dis-
play device according to the present embodiment is the same
as the aforementioned embodiments, except that a hole
injection layer forming method, a hole transport layer form-
ing method, and an emission layer forming method are
different. Therefore, in method of manufacturing a light-
emitting display device according to the present embodi-
ment, a hole injection layer forming method, a hole transport
layer forming method, and an emission layer forming
method will be described.

[0137] First, in the step of forming the hole injection layer
(130 of FIG. 2) of the organic layer (OL of FIG. 2) on the
first electrode 110, the method of providing the hole injec-
tion solution 1304 onto the first electrode in the opening of
the pixel defining film 120 is the same as the aforementioned
method.

[0138] Here, the drying method of the hole injection
solution discharged in the opening 121 of the pixel defining
film 120 may be similar to the aforementioned drying
method using the drying apparatus 10 of FIG. 3, but, in the
initial drying process S11, an air current AC1 is formed by
using N,+H, gas or N,+CO gas as the drying gas to be
sprayed onto the hole injection solution 1304, in the diffu-
sion process S12, an air current AC is formed by using N,
gas as the drying gas to be sprayed onto the hole injection
solution 130q, and in the residual solvent removing process
S13, an air current AC1 is formed by using N,+H, gas or
N,+CO gas as the drying gas to be sprayed onto the hole
injection solution 130a.

[0139] In this case, as shown in FIG. 14, the air current
AC1 formed by N,+H, gas or N,+CO gas in the initial
drying process S11 may facilitate a reduction in the absorp-
tion of O;” into the hole injection solution 130q at the time
of evaporating a solvent from the hole injection solution
130a and may help reduce moisture.

[0140] Further, as shown in FIG. 15, the air current AC
formed by N, gas in the diffusion process S12 may not be
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significantly involved in the reduction of O,~ and moisture,
and a hole injection layer (130 of FIG. 16) requiring oxygen
may be formed in the diffusion process S12. For example,
the hole injection layer (130 of FIG. 16) requiring oxygen
may be made of PEDOT/PSS (poly(3,4-ethylenedioxythio-
phene)/polystyrene sulfonate).

[0141] Further, as shown in FIG. 17, the air current AC1
formed by N,+H, gas or N,+CO gas in the residual solvent
removing process S13 may facilitate a reduction or removal
of O;™ and moisture when a solvent remains in the hole
injection layer 130 formed through the diffusion process
S12. In the residual solvent removing process S13, N,+H,
gas or N,+CO gas may be used in addition to N, gas of the
diffusion process S12, and the pressure in the chamber 11
may increase to the fourth pressure P4 (between the first
pressure P1 and the second pressure P2), and then may
decrease to the third pressure P3.

[0142] Subsequently, the hole transport layer (140 of FIG.
2) may be formed on the hole injection layer (130 of FIG.
2).

[0143] The step of forming the hole transport layer (140 of
FIG. 2) may be the same as the step of forming the hole
injection layer (130 of FIG. 2).

[0144] In an implementation, the hole transport layer
requiring oxygen in the diffusion process S12 may include,
e.g., NPD (N,N-di-1-naphthyl-N,N'-diphenyl-1,1'-biphenyl-
4,4'-diamine), PEDOT (poly(3,4-ethylenedioxythiophene)),
or NPB (N,N'-di(naphthalen-1-y1)-N,N'-diphenyl-benzi-
dine).

[0145] Subsequently, the emission layer (150 of FIG. 2)
may be formed on the hole transport layer (140 of FIG. 2).
[0146] The step of forming the emission layer (150 of FIG.
2) is the same as the step of forming the hole injection layer
(130 of FIG. 2).

[0147] In an implementation, the hole transport layer
requiring oxygen in the diffusion procedure S12 may
include, e.g., Algs (tris(8-quinolinorate)aluminum) and/or
PPV (poly(p-phenylenevinylene)).

[0148] As described above, in the method of manufactur-
ing a light-emitting display device according to the present
embodiment, an organic layer that requires oxygen in the
diffusion process S12 may be formed by using N, gas as the
drying gas to be sprayed into the organic solution during the
diffusion process S12 during the exhaust process for drying
the organic solution.

[0149] In the method of manufacturing a light-emitting
display device, a case that the drying apparatus of FIG. 3 is
used in the step of forming the organic film has been
described. In an implementation, the drying apparatus of
FIG. 3 may be used even in other fields of forming an
organic film pattern by drying the organic solution dis-
charged in the opening of a bank defining a plurality of
openings on the substrate in addition to the field of light-
emitting display devices. In this case, the steps of drying the
organic solution using the drying apparatus of FIG. 3 are the
same as or similar to the aforementioned steps.

[0150] By way of summation and review, an organic
light-emitting display device may include a pixel defining
layer having an opening exposing the anode electrode
formed in each of pixels arranged on a substrate in a matrix
form, and may be configured such that a hole injection layer,
a hole transport layer, an emission layer, an electron trans-
port layer, an electron injection layer, and a cathode elec-
trode are sequentially formed on the anode electrode

Jul. 20, 2017

exposed through the opening. Among these, the hole injec-
tion layer, the hole transport layer, and the emission layer
may be formed in a thin film form by discharging or
providing an organic solution (including an organic material
and a solvent) into the opening of the pixel defining film
using a solution coating method, e.g., ink-jet printing or
nozzle printing, and drying the organic solution.

[0151] Drying of the organic solution that has been pro-
vided in the opening of the pixel defining film may be
performed by a reduced-pressure drying method in which a
substrate provided with the pixel defining film having the
opening charged or filled with the organic solution is put into
a chamber, and then a solvent is evaporated from the organic
solution while reducing the pressure in the chamber through
an exhaust process.

[0152] When the solvent is evaporated from the organic
solution through the exhaust process, a part of the solvent or
other impurities may be absorbed into the organic solution
or the thin film. In this case, the characteristics of the thin
film formed by drying the organic solution could be dete-
riorated and decrease luminous efficiency, thereby deterio-
rating the display quality and life span of the organic
light-emitting display device.

[0153] According to the method of manufacturing a light-
emitting display device, the deterioration in display quality
and life span of the light-emitting display device may be
reduced.

[0154] The embodiments may provide a method of manu-
facturing a light-emitting display device, by which the
deterioration in display quality and life span of the light-
emitting display device can be reduced.

[0155] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope of
the present invention as set forth in the following claims.

1. A method of manufacturing a light-emitting display
device, the method comprising:
forming a first electrode on a substrate for each pixel of
a plurality of pixels;
forming a pixel defining film on the first electrode such
that the pixel defining film includes an opening expos-
ing the first electrode; and

forming an organic layer on the first electrode,
wherein forming the organic layer includes:

providing an organic solution into the opening of the pixel
defining film, and

drying the organic solution by performing an exhaust
process in a state where an air current is provided by
using a drying gas such that the air current is sequen-
tially composed of a position facing the organic solu-
tion, a position to which the organic solution is dis-
charged, and a position facing the organic solution,
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wherein:

drying the organic solution is performed in a chamber, and

drying the organic solution includes:

an initial drying process that includes lowering a pres-
sure in the chamber from a first pressure to a second
pressure as the air current is provided,

a diffusion process that includes maintaining the pres-
sure in the chamber at the second pressure as the air
current is provided; and

a residual solvent removing process that includes low-
ering the pressure in the chamber from the second
pressure to a third pressure as the air current is
provided.

2. (canceled)

3. The method as claimed in claim 1, wherein:

the first pressure is ambient atmospheric pressure, the

second pressure is 100 torr to 20 torr, and the third

pressure is 107" torr to 10~ torr, and

the drying gas that forms the air current is supplied to the

chamber at a flow rate of 3 standard liter per minute

(SLM) to 5 SLM.

4. The method as claimed in claim 3, wherein:

the initial drying process is performed for 15 sec to 60 sec,

and

the diffusion process is performed for 300 sec to 600 sec.

5. The method as claimed in claim 3, wherein the diffu-
sion process further includes heating the substrate to 80° C.
to 100° C. using a heating device.

6. The method as claimed in claim 1, wherein the initial
drying process includes lowering the pressure in the cham-
ber from ambient atmospheric pressure to 100 torr for 60 sec
while supplying the drying gas at a flow rate of 3 SLM.

7. The method as claimed in claim 6, wherein the diffu-
sion process includes maintaining the pressure in the cham-
ber at 100 torr for 300 sec while supplying the drying gas at
a flow rate of 3 SLM.

8. The method as claimed in claim 1, wherein the drying
gas includes N, gas, Ar gas, H, gas, CO gas, or combinations
thereof.

9. The method as claimed in claim 1, wherein the drying
gas used in the initial drying process, the diffusion process,
and the residual solvent removing process is N, gas.

10. The method as claimed in claim 9, wherein the organic
solution includes a mixed solvent of ethane-1,2-diol, H,O,
and propanol alkyl ether; a mixed solvent of diethylene
glycol, a humectant, propanol, an inorganic additive, and
perfluorinated polysulfonic acid; a mixed solvent that
includes 1,3-dimethyl-2-imidazolidinone (DMI); a mixed
solvent that includes cyclohexanol; a mixed solvent of
4-methylanisole, methyl 1-naphthyl ether, and 2-pyrroli-
done; a mixed solvent of 1,2,3 4-tetrahydronaphthalene,
methyl 1-naphthyl ether, 2-pyrrolidone, and perfluoralkyl-
alkane; a mixed solvent of 4-methylanisole and cyclohex-
ylbenzene; or a mixed solvent of methyl benzoate and
diethyl phthalate.

11. The method as claimed in claim 2, wherein the drying
gas used in the initial drying process, the diffusion process,
and the residual solvent removing process is N,+H, gas or
N,+CO gas.

12. The method as claimed in claim 11, wherein the
organic solution includes a mixed solvent of diethylene
glycol, a humectant, propanol, an inorganic additive, and
perfluorinated polysulfonic acid; a mixed solvent that
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includes DMI; a mixed solvent that includes cyclohexanol;
a mixed solvent of 4-methylanisole, methyl 1-naphthyl
ether, and 2-pyrrolidone; a mixed solvent of 1,2,3,4-tetra-
hydronaphthalene, methyl 1-naphthyl ether, 2-pyrrolidone,
and perfluoralkylalkane; a mixed solvent of 4-methylanisole
and cyclohexylbenzene; or a mixed solvent of methyl ben-
zoate and diethyl phthalate.

13. The method as claimed in claim 2, wherein:

the drying gas used in the initial drying process and the

residual solvent removing process is N,+H, gas or

N,+CO gas, and

the drying gas used in the diffusion process is N, gas.

14. The method as claimed in claim 13, wherein the
organic layer includes poly(3,4-ethylenedioxythiophene)/
polystyrene sulfonate; N.N'-di-1-naphthyl-N,N'-diphenyl-1,
1'-biphenyl-4,4'-diamine; poly(3,4-ethylenedioxythio-
phene); N,N'-di(naphthalen-1-y1)-N,N'-diphenyl-benzidine;
tris(8-quinolinorate)aluminum; or  poly(p-phenylenevi-
nylene).

15. The method as claimed in claim 1, wherein the organic
layer includes a hole injection layer on the first electrode; a
hole transport layer on the hole injection layer; or an
emission layer on the hole transport layer.

16. A method of forming an organic film pattern, the
method comprising:

forming a bank on a substrate such that the bank defines

a plurality of openings;

providing an organic solution into the openings; and

drying the organic solution by performing an exhaust

process in a state where an air current is provided by

using a drying gas such that the air current is sequen-

tially composed of a position facing the organic solu-

tion, a position to which the organic solution is dis-

charged, and a position facing the organic solution,
wherein:

drying the organic solution is performed in a chamber, and

drying the organic solution includes:

an initial drying process that includes lowering a pres-
sure in the chamber from a first pressure to a second
pressure as the air current is provided,

a diffusion process that includes maintaining the pres-
sure in the chamber at the second pressure as the air
current is provided; and

a residual solvent removing process that includes low-
ering the pressure in the chamber from the second
pressure to a third pressure as the air current is
provided.

17. (canceled)

18. The method as claimed in claim 17, wherein:

the first pressure is ambient atmospheric pressure, the

second pressure is 100 torr to 20 torr, and the third

pressure is 107" torr to 10~ torr, and

the drying gas forming the air current is supplied to the

chamber at a flow rate of 3 standard liter per minute

(SLM) to 5 SLM.

19. The method as claimed in claim 16, wherein the
diffusion process further includes heating the substrate to
80° C. to 100° C. using a heating device.

20. The method as claimed in claim 16, wherein the
drying gas is N, gas, Ar gas, H, gas, CO gas, or combina-
tions thereof.
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