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(57) ABSTRACT

The example embodiments provide a thin film deposition
apparatus for deposition of an organic material having a low
volatility characteristic, and a method for manufacturing an
OLED display using the same. A thin film deposition appa-
ratus includes a crucible assembly evaporating an organic
material toward a substrate, and a pattern mask provided in
one side of the substrate facing the crucible assembly. The
crucible assembly includes a crucible coupled with the heater
and containing an organic material therein, and a guide pipe
coupled to an entrance of the crucible and forming an inner
space extended in one direction toward the substrate from the
entrance of the crucible.
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THIN FILM DEPOSITION APPARATUS AND

MANUFACTURING METHOD OF ORGANIC

LIGHT EMITTING DIODE DISPLAY USING
THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0080548 filed in the
Korean Intellectual Property Office on Jul. 9, 2013, which is
hereby incorporated by reference for all purposes as if fully
set forth herein.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments of the present invention
relate to a thin film deposition apparatus. Particularly, exem-
plary embodiments of the present invention relate to a thin
film deposition apparatus appropriate for deposition of an
organic material having low volatility, and a method for
manufacturing an organic light emitting diode (OLED) dis-
play using the same.

[0004] 2. Discussion of the Background

[0005] An organic light emitting diode (OLED) display
includes a pixel circuit and an organic light emitting diode in
each of a plurality of pixels. The OLED display displays an
image by combining light emitted from a plurality of organic
light emitting diodes. Organic light emitting diodes typically
include a pixel electrode, an emission layer, and a common
electrode, an intermediate layer such as an electron injection
layer, an electron transport layer, a hole transport layer, and a
hole injection layer. The hole injection layer is provided
between the electrodes and the emission layer for high effi-
ciency in light emission.

[0006] The emission layer and the intermediate layer may
be formed using a deposition method in a vacuum chamber
where a heater, a crucible, and a pattern mask are installed.
The heater may be formed of a metal wire having a high
resistance coefficient such as tungsten, and the heater heats
the crucible using an indirect heating method by resistance
heating. An organic material contained in the crucible is
heated by the heater and evaporated. The evaporated organic
material is passed through an opening of the pattern mask and
then deposited on a substrate, such that the emission layer or
the intermediate layer is formed.

[0007] A general thin film deposition apparatus provides a
sufficient deposition effect with respect to organic materials
exhibiting high volatility in a vacuum pressure condition.
However, an organic material having low volatility in a
vacuum requires a high temperature for deposition in the
crucible. Therefore, parts of the heater require high heat resis-
tance. In addition, a constant deposition rate may be obtained
only by maintaining a high temperature for a specific period
of time, and therefore a process time is increased and material
degeneration may occur.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.
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BRIEF SUMMARY OF THE INVENTION

[0009] Exemplary embodiments of the present invention
provide a thin film deposition apparatus appropriate for depo-
sition of an organic material having a low volatility charac-
teristic, and a method for manufacturing an OLED display
using the same.

[0010] In addition, exemplary embodiments provide a thin
film deposition apparatus that can increase deposition effi-
ciency of an organic material and minimize material loss
during a deposition process, and a method for manufacturing
an OLED display using the same.

[0011] A thin film deposition apparatus according to an
exemplary embodiment includes a crucible assembly evapo-
rating an organic material toward a substrate, and a pattern
mask provided in one side of the substrate and facing the
crucible assembly. The crucible assembly includes a crucible
coupled with the heater and containing an organic material
therein and a guide pipe coupled to an entrance of the crucible
and forming an inner space extended in one direction toward
the substrate from the entrance of the crucible.

[0012] A manufacturing method of an OLED display
according to another exemplary embodiment includes
arranging a substrate in one side of a crucible assembly, and
depositing an organic material on the substrate by evaporat-
ing the organic material from the crucible assembly while
moving the substrate in a first direction. The crucible assem-
bly includes a crucible coupled with the heater and containing
an organic material therein, and a guide pipe coupled to an
entrance of the crucible and forming an inner space extended
in one direction toward the substrate from the entrance of the
crucible.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate exemplary embodiments of the invention, and
together with the description serve to explain the principles of
the invention.

[0014] FIG. 1is a perspective view of a thin film deposition
apparatus according to a first exemplary embodiment.
[0015] FIG. 2 is a cross-sectional view of the thin film
deposition apparatus according to the first exemplary
embodiment.

[0016] FIG. 3isa top plan view of an organic light emitting
diode (OLED) display.

[0017] FIG. 4 is an enlarged cross-sectional view of a pixel
of the OLED display.

[0018] FIG. 5isaplan view ofa porous plate of the thin film
deposition apparatus of FIG. 1.

[0019] FIG. 6is a partially enlarged cross-sectional view of
a display area in FIG. 3.

[0020] FIG. 7is a perspective view of a thin film deposition
apparatus illustrating an exemplary variation of the pattern
mask of FIG. 1.

[0021] FIG. 8is a perspective view of a thin film deposition
apparatus according to a second exemplary embodiment.
[0022] FIG. 9 is a cross-sectional view of the thin film
deposition apparatus according to the second exemplary
embodiment.

[0023] FIG. 10 is a top plan view of a porous plate of the
thin film deposition apparatus of FIG. 8.
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[0024] FIG. 11 is a front view of a thin film deposition
apparatus according to a third exemplary embodiment.
[0025] FIG. 12 is a front view of a thin film deposition
apparatus according to a fourth exemplary embodiment.

DETAILED DESCRIPTION

[0026] The exemplary embodiments will be described
more fully hereinafter with reference to the accompanying
drawings, in which exemplary embodiments of the invention
are shown. As those skilled in the art would realize, the
described embodiments may be modified in various different
ways, all without departing from the spirit or scope.

[0027] In the specification, unless explicitly described to
the contrary, the word “comprise” and variations such as
“comprises” or “comprising” will be understood to imply the
inclusion of stated elements but not the exclusion of any other
elements. In addition, it will be understood that when an
element such as a layer, film, region, or substrate is referred to
as being “on” another element, it can be directly on the other
element or intervening elements may also be present. In con-
trast, when an element is referred to as being “directly on”
another element, there are no intervening elements present.
Further, in the specification, the word “on” means positioning
on or below the object portion, and does not essentially mean
positioning on the upper side of the object portion based on a
gravity direction.

[0028] FIG. 1 and FIG. 2 are a perspective view and a
cross-sectional view, respectively, of a thin film deposition
apparatus according to a first exemplary embodiment.
[0029] Referring to FIG. 1and FIG. 2, a thin film deposition
apparatus 100 of the first exemplary embodiment includes at
least one crucible assembly 10 and a pattern mask 20.
[0030] The crucible assembly 10 and the pattern mask 20
are provided in a chamber (not shown) where a constant
vacuum may be formed. A substrate 30 is provided in an
upper side in the chamber, and the at least one crucible assem-
bly 10 is provided in a lower side in the chamber. In addition,
the pattern mask 20 is positioned to one side of the substrate
30, facing the crucible assembly 10.

[0031] One crucible assembly 10 may be provided in the
chamber, or a plurality of crucible assemblies 10 may be
provided at a distance from each other in the chamber. FIG. 1
illustrates that a plurality of crucible assemblies 10 may be
arranged in a row. The number of crucible assemblies 10 and
an alignment structure of the crucible assemblies 10 are not
limited to FIG. 1, and may be variously changed.

[0032] The thin film deposition apparatus 100 according to
the first exemplary embodiment is provided for manufactur-
ing an OLED display, and may be used to form an emission
layer of an intermediate layer (i.e., one of an electron injec-
tion layer, an electron transport layer, a hole transport layer,
and a hole injection layer) of the OLED display.

[0033] FIG. 3isatop planview of an OLED display manu-
factured using the thin film deposition apparatus of FIG. 1.
[0034] Referring to FIG. 3, an OLED display 40 includes
the substrate 30 and a display area DA formed on the substrate
30. The display area DA may include a plurality of pixels PE,
wherein a pixel circuit and an organic light emitting diode are
formed in each pixel PE. In the display area DA, an image
may be displayed with combinations of light emitted from the
plurality of pixels PE.

[0035] Portions excluding the display area DA in the sub-
strate 30 include a circuit area including a data driver and a
scan driver, and a pad area where pad electrodes are formed.
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The pad electrodes receive control signals from an external
element and transmit the received signals to the data driver
and the scan driver, and the data driver and the scan driver
provide signals for pixel driving to pixel circuits formed in the
display area DA.

[0036] FIG. 4 is an enlarged cross-sectional view of a pixel
in the OLED display of FIG. 3.

[0037] Referring to FIG. 4, a buffer layer 41, a thin film
transistor 50, a capacitor 60, and an organic light emitting
diode 70 are provided on the substrate 30. The thin film
transistor 50 and the capacitor 60 form a pixel circuit.
[0038] The substrate 30 may be a rigid substrate such as
glass or a flexible substrate such as a plastic film. When the
OLED display is a bottom emission type and thus light emit-
ted from the organic light emitting diode 70 is discharged
through the substrate 30, the substrate 30 is made of a trans-
parent material.

[0039] The buffer layer 41 is formed throughout the upper
surface of the substrate 30, and may be formed of an inorganic
layer including SiO, or SiN_.. The buffer layer 41 provides a
flat surface for forming a pixel circuit, and prevents perme-
ation of moisture and oxygen into the pixel circuit and the
organic light emitting diode 70.

[0040] The thin film transistor 50 and the capacitor 60 are
formed on the buffer layer 41. The thin film transistor 50
includes a semiconductor layer 51, a gate electrode 52, and
source/drain electrodes 53 and 54. The semiconductor layer
51 may be formed of a polysilicon or oxide semiconductor,
and includes a channel area 511 in which an impurity is not
doped, a source area 512, and a drain area 513. The source
area 512 and the drain area 513 are respectively provided at
lateral sides of the channel area 511 and are doped with
impurities. When the semiconductor layer 51 is formed of an
oxide semiconductor, a protection layer may be additionally
provided for protection of the semiconductor layer 51.
[0041] A gate insulating layer 42 is provided between the
semiconductor layer 51 and the gate electrode 52. An inter-
layer insulating layer 43 is provided between the gate elec-
trode 52 and the source/drain electrodes 53 and 54. The
capacitor 60 includes a first capacitor plate 61 formed on the
gate insulating layer 42 and a second capacitor plate 62
formed on the interlayer insulating layer 43. The first capaci-
tor plate 61 may be formed of the same material as the gate
electrode 52, and the second capacitor plate 62 may be
formed of the same material as the source/drain electrodes 53
and 54. The second capacitor plate 62 may be connected to the
source electrode 53.

[0042] The thin film transistor 50 shown in FIG. 4 is a
driving thin film transistor, and the pixel circuit further
includes a switching thin film transistor (not shown). The
switching thin film transistor is used as a switching element
that selects a pixel for light emission, and the driving thin film
transistor applies power the selected pixel for light emission.
[0043] A planarization layer 44 is provided above the
source/drain electrodes 53 and 54 and the second capacitor
plate 62. The planarization layer 44 may be made of an
organic insulation material or an inorganic insulation mate-
rial, or may be made of a combination of an organic material
and an inorganic material. The planarization layer 44 forms a
via hole that partially exposes the drain electrode 54, and the
organic light emitting diode 70 is formed on the planarization
layer 44.

[0044] The organic light emitting diode 70 includes a pixel
electrode 71, an emission layer 72, and a common electrode
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73. The pixel electrode 71 is formed in each pixel, and is
electrically connected with the drain electrode 54 of the thin
film transistor 50 through the via hole. The common electrode
73 is formed throughout the display area DA without distinc-
tion of pixels. A pixel defining layer 45, which partitions pixel
areas, is formed above the pixel electrode 71, and the emis-
sion layer 72 is formed in an opening of the pixel defining
layer 45 and, therefore, contacts the pixel electrode 71.

[0045] One of the pixel electrode 71 and the common elec-
trode 73 is an anode which is a hole injection electrode and the
other is a cathode which is an electron injection electrode.
Holes injected from the anode and electrons injected from the
cathode are combined in the emission layer 72 to generate
excitons, and light emission is performed while the excitons
discharge energy.

[0046] At least one of a hole injection layer and a hole
transport layer may be provided between the anode and the
emission layer 72. At least one of an electron injection layer
and an electron transport layer may be provided between the
emission layer 72 and the cathode. The hole injection layer,
the hole transport layer, the electron injection layer, and the
electron transport layer form an intermediate layer for
improving luminous efficiency without distinction of pixels.

[0047] One ofthe pixel electrode 71 and the common elec-
trode 73 is formed as a reflection layer and the other is formed
as a semi-transmissive layer or a transparent conductive layer.
Light emitted from the organic emission layer 72 is reflected
by the reflection layer and passed through the semi-transmis-
sive layer or the transparent conductive layer, and then emit-
ted to the outside. In case of a front emission type, the pixel
electrode 71 is formed as a reflective layer, and in case of a
bottom emission type, the common electrode 72 is formed as
a reflective layer.

[0048] An encapsulation substrate or a thin film encapsu-
lation layer is provided above the organic light emitting diode
70.InFIG. 4, a thin film encapsulation layer 46 is exemplarily
illustrated. The thin film encapsulation layer 46 seals the
organic light emitting diode 70 from the external environment
that contains moisture and oxygen to suppress deterioration
of the organic light emitting diode 70 due to the moisture and
oxygen. The thin film encapsulation layer is formed in a
configuration in which a plurality of organic layers and a
plurality of inorganic layers are alternately stacked one by
one.

[0049] Referring to FIG. 1 and FIG. 2, the crucible assem-
bly 10 includes a crucible 11 containing an organic material
therein, a heater 12 heating the crucible 11, and a guide pipe
13 coupled to an entrance of the crucible 11. The crucible
assembly 10 may evaporate an organic material for forming
an emission layer or may evaporate an organic material for
forming an intermediate layer.

[0050] The crucible 11 may be made of alumina or graph-
ite, and the heater 12 may be formed of a resistance heating
wire surrounding the external side of the crucible 11. A
method of the crucible 11 and a structure of the heater 12 are
not limited to the above-stated examples, and can be variously
modified.

[0051] The heater 12 heats the crucible 11 to evaporate the
organic material in the crucible 11. In this case, the entrance
of the crucible 11 is not opened directly toward the substrate
30 but is connected with the inside of the guide pipe 13.
Therefore, the organic material evaporated in the crucible 11
moves along the inside of the guide pipe 13 and is then
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dispersed toward the substrate 30 from the entrance of the
guide pipe 13 rather than being scattered.

[0052] The guide pipe 13 has an inner space extended in
one direction toward the substrate 30 from the entrance of the
crucible 11. That is, the guide pipe 13 may be formed in a
shape of a cylinder extended in one direction without having
a bent portion. The guide pipe 13 may be disposed perpen-
dicular to the base of the entrance of the crucible 11, and an
inner diameter of the guide pipe 13 may be smaller than the
diameter ofthe entrance of the crucible 11. The guide pipe 13
may have a quadrangular or polygonal cross-sectional shape
instead of the cylindrical shape.

[0053] In addition, an adaptor 14 that functions as a joint
connection may be provided between the entrance of the
crucible 11 and the guide pipe 13. The adapter 14 is mechani-
cally coupled to each of the crucible 11 and the guide pipe 13
for combination of the crucible 11 and the guide pipe 13, and
forms a funnel-shaped opening 141 to connect the entrance of
the crucible 11 and the inner space of the guide pipe 13. The
adapter 14 may be fastened to each of the guide pipe 13 and
the entrance of the crucible 11 by a fastening member (not
shown) such as a bolt.

[0054] The guide pipe 13 forms a path for the movement of
the organic material evaporated in the crucible 11 to in a
straight line in one direction, and at the same time disposes
points from which the organic material is dispersed toward
the substrate 30 to be closer to the substrate 30. In this case, a
porous plate 15 (refer to FIG. 5) having a plurality of
entrances 151 is formed in an end of the entrance of the guide
pipe 13, facing the substrate 30 to maintain uniform flow of
the organic material.

[0055] In addition, a sensor (not shown) may be provided
midway between the porous plate 15 and the pattern mask 20.
The sensor detects the amount of organic material evaporated
from the crucible assembly 10, and a controller (not shown)
may control a temperature of the crucible 11 based on a signal
detected by the sensor.

[0056] When the guide pipe 13 is not provided, the organic
material is widely dispersed toward the substrate 30 from the
entrance of the crucible 11. However, in the first exemplary
embodiment, the organic material moves in a straight line
along the inner space of the guide pipe 13 and is then dis-
persed toward the substrate 30 fron the entrance of the guide
pipe 13. In the first exemplary embodiment, a dispersion
angle and a deposition area of the organic material are smaller
than a case in which the guide pipe 13 is not provided.

[0057] The crucible assembly 10 of the first exemplary
embodiment is appropriate for deposition of an organic mate-
rial having low volatility. Low volatility implies that a depo-
sition rate is low under the same temperature condition so that
a significant amount of time is consumed in deposition to a
desired thickness. When the guide pipe 13 is not provided, the
organic material is widely dispersed from the entrance of the
crucible 11, thereby causing significant material loss and a
significantly long period of time for deposition.

[0058] However, in the first exemplary embodiment, the
evaporated organic material is gathered in the inner space of
the guide pipe 13 and moves in a straight line along the irner
space of the guide pipe 13, and is then dispersed within a
narrow range toward the substrate 30 from the entrance of the
guide pipe 13. Therefore, the thin film deposition apparatus
100 according to the first exemplary embodiment can mini-
mize material loss of the organic material having a low vola-



US 2015/0017753 Al

tility characteristic and improve deposition efficiency by
shortening the deposition time.

[0059] Inthis case, alength L (refer to FIG. 2) of the guide
pipe 13 may be set to be 0.2 times to 0.8 times a distance d1
(refer to FIG. 2) between the entrance of the crucible 11 and
the substrate 30. When the length L of the guide pipe 13 is less
than 0.2 times the distance d1 between the entrance of the
crucible 11 and the substrate 30, the efficiency provided by
the guide pipe 13 is decreased and the organic material dis-
charged from the guide pipe 13 is widely dispersed, thereby
causing material loss. On the contrary, when the length L of
the guide pipe 13 exceeds 0.8 times the distance d1 between
the entrance of the crucible 11 and the substrate 30, the
organic material exceeds a monitoring range of the sensor so
that the sensor cannot measure the amount of evaporation.

[0060] Meanwhile, a deposition area of the organic mate-
rial with respect to the substrate 30 may be decreased in one
crucible assembly 10 due to the guide pipe 13, but a plurality
of crucible assemblies 10 are disposed parallel with each
other at a distance from each in a lower portion of the sub-
strate 30 so that the deposition area of the organic material
with respect to the substrate 30 can be increased.

[0061] The pattern mask 20 has at least one pattern opening
21. When the crucible assembly 10 evaporates the organic
material for forming the emission layer, the pattern mask 20
has a plurality of pattern openings 21 corresponding to a pixel
column of a specific color. In addition, the substrate 30 may
be moved in one direction by a transfer apparatus (not shown)
during a deposition process.

[0062] FIG. 6isa partially enlarged view ofthe display area
of FIG. 3.
[0063] Referring to FIG. 6, each pixel area PA partitioned

by the pixel defining layer 45 may include a red pixel area R,
a green pixel area G, and a blue pixel area B. Pixel areas PA of
the same color are disposed in parallel with each other along
a first direction (y-axis direction) on the substrate 30, and
pixel areas PA of different colors are alternately disposed
along a second direction (x-axis direction) that crosses the
first direction.

[0064] Referring to FIG. 1 and FIG. 2, the pattern mask 20
forms slit-shaped pattern openings 21 that are parallel with
the first direction (y-axis direction). The respective pattern
opening 21 correspond to pixel areas of specific colors, and
the length of the pattern mask 20 along the second direction
(x-axis direction) may be the same as the width of the display
area DA along the second direction. Therefore, the organic
material evaporated in the crucible assembly 10 is passed
through the pattern openings 21 of the pattern mask 20 and
then deposited on the substrate 30 such that an emission layer
72 of a specific color is formed.

[0065] In this case, the length of the pattern mask 20 along
the first direction is smaller than the width of the display area
DA along the first direction, and the substrate 30 moves along
the first direction during the deposition process. Accordingly,
the emission layer 72 is continuously and uniformly depos-
ited on the substrate 30 along the first direction. In FIG. 6,
reference numeral 72B denotes a blue emission layer depos-
ited using the above-stated method.

[0066] As described, as the substrate 30 is moved relative to
the thin film deposition apparatus 100, deposition of the emis-
sion layer 72 is performed using a scanning method. There-
fore, the pattern mask 20 of the thin film deposition apparatus
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100 according to the first exemplary embodiment can be
easily manufactured by reducing the size of the pattern mask
20.

[0067] That is, a conventional pattern mask has a size that
corresponds to the display area DA, but in the first exemplary
embodiment, the length of the pattern mask 20 along the first
direction may be formed to be smaller than the width of the
display area DA along the first direction. Thus, handling of
the pattern mask 20 can be further easily performed during all
the processes for forming pattern openings by processing a
metal sheet, extending the pattern mask and fixing the
extended pattern mask to a frame by welding, and moving and
cleaning the pattern mask.

[0068] The substrate 30 may be a mother substrate includ-
ing a plurality of display areas DA. In this case, the length of
the pattern mask 20 along the second direction may be the
same as the width of the mother substrate. As the substrate 30
moves and deposition proceeds, the pattern mask 20 is dis-
posed at a constant distance from the substrate 30.

[0069] FIG. 7 is a perspective view of the thin film deposi-
tion apparatus showing an exemplary variation of the pattern
mask of FIG. 1.

[0070] Referring to FIG. 7, when the crucible assembly 10
evaporates an organic material for forming an intermediate
layer, the pattern mask 20 may form one pattern opening 22
that corresponds to the display area DA.

[0071] A length of the pattern opening 22 along a first
direction (y-axis direction) is smaller than a width of the
display area DA along the first direction, and a length of the
pattern opening 22 along a second direction (x-axis direction)
may be equal to a width of the display area DA along the
second direction. In addition, during a deposition process, the
substrate 30 moves along the first direction and, thus, depo-
sition of the intermediate layer is performed using a scanning
method.

[0072] Meanwhile, rather than forming the intermediate
layer throughout the display area DA, a forming material and
a deposition thickness of the intermediate layer may be set to
be different according to a color of a pixel. In this case, the
intermediate layer is formed on the substrate 30 using the thin
film deposition apparatus 100 shown in FIG. 1 and FIG. 2.
[0073] FIG. 8 and FIG. 9 are respectively a perspective
view and a cross-sectional view of a thin film deposition
apparatus according to a second exemplary embodiment.
[0074] Referringto FIG. 8 and F1G. 9, a thin film deposition
apparatus 200 according to the second exemplary embodi-
ment is similar to the thin film deposition apparatus of the first
exemplary embodiment in structure, except that a resistance
heating wire 16 is additionally provided to each of crucible
assemblies 101. The same reference numerals are used for the
same components as those of the first exemplary embodi-
ment.

[0075] The resistance heating wire 16 spirally surrounds a
guide pipe 13 while contacting an exterior wall of the guide
pipe 13. The resistance heating wire 16 is made of a metal
having a high resistance coefficient such as tungsten, and is
coated with an insulation layer 17 that can tolerate vacuum
and heat. The insulation layer 17 may be made of a fluorine
resin that does not perform outgassing in high heat, for
example, polytetrafluoroethylene (PTFE) resin.

[0076] Lateral ends of the resistance heating wire 16 are
fixed to an adapter 14, and are connected with an external
power device (not shown) to receive power for heating.
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[0077] 1Incaseofan organic material requiring a high depo-
sition temperature, the organic material evaporated in the
crucible 11 is deposited on an interior wall of the guide pipe
13 while passing through the guide pipe 13, and eventually
the guide pipe 13 may be blocked. In the second exemplary
embodiment, the resistance heating wire 16 prevents the
organic material evaporated from the crucible 11 from block-
ing the guide pipe 13 by heating it.

[0078] Therefore, the thin film deposition apparatus 200
according to the second exemplary embodiment can be use-
fully applied for deposition of an organic material that has a
low volatility and requires a high deposition temperature.
Meanwhile, aporous plate 15 (referto F1G. 10) provided at an
end of an entrance side of the guide pipe 13 may have a
plurality of entrances 152. Here, the plurality of entrances
may be larger than the entrances of the porous plate of the first
exemplary embodiment, and the number of entrances formed
in the porous plate 15 of the second exemplary embodiment
may be less than the number of entrances formed in the
porous plate 15 of the first exemplary embodiment.

[0079] FIG. 11 and FIG. 12 are front views of thin film
deposition apparatuses according to third and fourth exem-
plary embodiments.

[0080] Referring to FIG. 11, a thin film deposition appara-
tus 300 according to the third exemplary embodiment is the
same as the thin film deposition apparatus of the first exem-
plary embodiment, except that a guide pipe 13 is disposed
with a slope with respect to an entrance of a crucible 11 in at
least one crucible assembly 10. The same reference numerals
are used for the same components as those of the first exem-
plary embodiment.

[0081] Referring to FIG. 12, a thin film deposition appara-
tus 400 of the fourth exemplary embodiment is the same as the
thin film deposition apparatus of the second exemplary
embodiment, except that a guide pipe 13 is disposed with a
slope with respect to an entrance of a crucible 11 in at least
one crucible assembly 10. The same reference numerals are
used for the same components as those of the second exem-
plary embodiment.

[0082] In the third exemplary embodiment and the fourth
exemplary embodiment, the guide pipe 13 is fixed to an
adapter 14 while being inclined with a constant angle with
respect to the entrance of the crucible 11. The guide pipe 13
may be inclined toward the center of a substrate or a specific
area of the substrate, and an inclination angle and an inclina-
tion direction of the guide pipe 13 may be varied according to
installation locations of the crucible assemblies 10 and 101.
Therefore, deposition of an emission layer or an intermediate
layer can be uniform in both of the center portion and the
outer portions of the substrate 30.

[0083] FIG. 11 and FIG. 12 illustrate that the guide pipe 13
are inclined toward the center portion of the substrate 30 with
respect to the crucible assemblies 10 and 101 disposed cor-
responding to the outer sides of the substrate 30. However, an
inclination angle and an inclination direction of the guide
pipe 13 may be modified in various ways.

[0084] In the above-described first to fourth exemplary
embodiments, the thin film deposition apparatuses 100, 200,
300, and 400 are respectively provided with the guide pipes
13 so that movement of an organic material having a low
volatility characteristic can be maintained to be straight in
deposition of the organic material. Thus, the deposition tem-
perature and the deposition speed of the organic material can
be constantly maintained even in an area close to the sub-
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strate. As a result, material loss can be minimized and depo-
sition efficiency can be improved. In addition, in case of the
second and fourth exemplary embodiment, a constant depo-
sition rate can be maintained while preventing the guide pipe
13 from being blocked.

[0085] Next, a deposition experiment result of an organic
material using the thin film deposition apparatus of the first
and second exemplary embodiments and a thin film deposi-
tion apparatus of a comparative example will be described. A
thin film deposition apparatus of a comparative example is the
same as the thin film deposition apparatus of the above-stated
first exemplary embodiment, except that a guide pipe and an
adapter are omitted.

[0086] First, an experiment for deposition of a blue emis-
sion layer using the thin film deposition apparatus of the first
exemplary embodiment and the thin film deposition appara-
tus of the comparative example was performed. The blue
emission layer has a low deposition temperature and a low
volatility characteristic. Table 1 shows an initial deposition
temperature, a final deposition temperature, a deposition
standby time consumed to reach a final deposition speed, and
variation in weight of a material in a crucible after 1000 A
deposition.

TABLE 1
Initial TFinal

deposition  deposition Deposition  Variation in

temperature  temperature standby time weight
First 130°C. 170°C. Sminutes  0.04 greduced
exemplary (0.05 AJs) (1.0 Ass)
embodiment
Comparative 10 minutes 0.1 greduced
example
[0087] As shown in Table 1, compared to the comparative

example, the deposition time was reduced by half and the
amount of material loss in the crucible was reduced from 0.1
g to 0.04 g after 1000 A deposition in the thin deposition
apparatus of the first exemplary embodiment.

[0088] Next, an experiment for deposition of a hole injec-
tion layer using the thin film deposition apparatus of the
second exemplary embodiment and the thin film deposition of
the comparative example was performed. The hole injection
layer has a high deposition temperature and a low volatility
characteristic. Table 2 shows an initial deposition tempera-
ture, a final deposition temperature, a deposition standby time
consumed to reach a final deposition speed, and variation in
weight of a material in the crucible after 1000 A deposition.

TABLE 2
Initial TFinal

deposition  deposition Deposition ~ Variation in

temperature  temperature standby time weight
Second 330° C. 350°C. 7 minutes  0.03 greduced
exemplary (0.05 AJs) (1.0 Ass)
embodiment
Comparative 15 minutes  0.15 greduced
example
[0089] As shown in Table 2, compared to the comparative

example, the deposition time was reduced by more than half
and the amount of material loss in the crucible was reduced
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from 0.15 g to 0.05 g after 1000 A deposition in the thin
deposition apparatus of the second exemplary embodiment.
[0090] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.
What is claimed is:
1. A thin film deposition apparatus comprising:
a crucible assembly configured to evaporate an organic
material toward a substrate; and a pattern mask facing
the crucible assembly, wherein
the crucible assembly comprises
a crucible coupled with a heater and configured to
receive an organic material therein, and

a guide pipe coupled to an entrance of the crucible and
forming an inner space extended in a direction toward
the substrate from the entrance of the crucible.

2. The thin film deposition apparatus of claim 1, wherein

the length of the guide pipe is 0.2 to 0.8 times a distance
between the entrance of the crucible and the substrate.

3. The thin film deposition apparatus of claim 2, further

comprising

aporous plate comprising a plurality of entrances disposed
at an end of the guide pipe closest to the substrate.

4. The thin film deposition apparatus of claim 1, wherein

the crucible assembly further comprises
an adapter disposed between the crucible and the guide

pipe and coupling the crucible with the guide pipe.

5. The thin film deposition apparatus of claim 2, wherein

the crucible assembly further comprises a resistance heat-
ing wire disposed on an external side of the guide pipe.

6. The thin film deposition apparatus of claim 5, wherein

the resistance heating wire spirally surrounds the guide
pipe and is insulated by a fluorine resin layer.

7. The thin film deposition apparatus of claim 1, wherein

the guide pipe is disposed perpendicular to the entrance of
the crucible.

8. The thin film deposition apparatus of claim 1, wherein

the guide pipe is disposed with a slope with respect to the
entrance of the crucible.

9. The thin film deposition apparatus of claim 1, wherein

the deposition apparatus comprises a plurality of crucible
assemblies disposed at a distance from each other along
a direction.

10. The thin film deposition apparatus of claim 9, wherein

the plurality of crucible assemblies comprise a first cru-
cible assembly facing a center portion of the substrate
and a second crucible assembly facing an external por-
tion of the substrate, and

the guide pipe of the first crucible assembly is disposed
perpendicular to the entrance of a first crucible of the
first crucible assembly and the guide pipe of the second
crucible assembly is disposed with a slope with respect
to the entrance of a second crucible of the second cru-
cible assembly.
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11. The thin film deposition apparatus of claim 1, wherein

the pattern mask is spaced apart from the substrate, the
substrate being movable in a first direction when the
crucible assembly evaporates the organic material.

12. The thin film deposition apparatus of claim 11, wherein

the substrate comprises a display area, the pattern mask
forms at least one pattern opening, and

a length of the pattern mask along the first direction is
smaller than a width of the display area along the first
direction.

13. The thin film deposition apparatus of claim 12, wherein

the disposition apparatus comprises a plurality of crucible
assemblies disposed at a distance from each other along
a second direction that crosses the first direction.

14. A manufacturing method of an organic light emitting

diode (OLED) display, comprising;

arranging a substrate at a side of a crucible assembly; and
depositing an organic material on the substrate by evapo-
rating the organic material from the crucible assembly
while moving the substrate in a first direction, wherein
the crucible assembly comprises
a crucible coupled with a heater, the crucible containing
an organic material therein, and
a guide pipe coupled to an entrance of the crucible and
forming an inner space extended ina direction toward
the substrate from the entrance of the crucible.
15. The manufacturing method of claim 14, wherein
a pattern mask having a plurality of pattern openings
formed therein is disposed at a side of the substrate and
facing the crucible assembly, and
each of the pattern openings is formed in the shape of a slit
that is parallel with the first direction.
16. The manufacturing method of claim 15, wherein
the substrate comprises a display area, and
a length of the pattern mask along the first direction is
smaller than a width of the display area along the first
direction.
17. The manufacturing method of claim 16, wherein
the crucible assembly is configured to evaporate an organic
material for forming an emission layer, and
the organic material evaporated in the crucible assembly is
continuously deposited on the substrate along the first
direction.
18. The manufacturing method of claim 14, wherein
a pattern mask having one pattern opening formed therein
is disposed at a side of the substrate and facing the
crucible assembly.
19. The manufacturing method of claim 18, wherein
the substrate comprises a display area, and
a length of the pattern mask along the first direction is
smaller than a width of the display area along the first
direction.
20. The manufacturing method of claim 19, wherein
the crucible assembly is configured to evaporate an organic
material for forming an intermediate layer, and
the organic material evaporated in the crucible assembly is
continuously deposited on the substrate along the first
direction.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCHEKS
CPCH ¥ 5
LR
NS

BEG®)

FEIESIEAIRE T TR LA EE S AT E AN G ERTR
BE | LUREAZEEIREE SE0LEDE RRN A L. WEIARE
B HIREM | BEERREENMEURAREE  SBEERY
EEHIRALE —, HIRA ST iR HEMASEENAES
hAS AR RIS | EEERIIR A O RMERNA D

B[ EARAE — 518 L AR SRR o~

BRI ZNEAEN AR - RE R RENHESE

US20150017753A1 N (E)H
US14/171023 HiEA
=EERERALT

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

BAE SUNG SOO
LEE JAE YONG

BAE, SUNG-SOO
LEE, JAE-YONG

HO1L51/56

patsnap

2015-01-15

2014-02-03

HO1L51/56 C23C14/042 C23C14/12 C23C14/243 HO1L27/3211 HO1L51/001

1020130080548 2013-07-09 KR

Espacenet  USPTO



https://share-analytics.zhihuiya.com/view/02ebe73f-5e14-490f-b18e-109f3afa584b
https://worldwide.espacenet.com/patent/search/family/052277398/publication/US2015017753A1?q=US2015017753A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150017753%22.PGNR.&OS=DN/20150017753&RS=DN/20150017753

