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(57) ABSTRACT

Provided is a deposition apparatus including a deposition
source including a plurality of nozzles that spray a deposition
material onto a substrate; a mask disposed between the sub-
strate and the deposition source and separated from the sub-
strate, and including a plurality of first openings through
which the deposition material passes; and at least one depo-
sition incident angle adjusting plate disposed between the
mask and the deposition source and including a plurality of
second openings for adjusting a deposition incident angle of
the deposition material that is sprayed from the plurality of
nozzles; wherein the at least one deposition incident angle
adjusting plate is movable in a first direction toward the
substrate or a second direction opposite the first direction, and
the deposition incident angle adjusting plate is spaced apart
from the nozzles.




Patent Application Publication = Mar. 10,2016 Sheet 1 of 13 US 2016/0072065 A1




Patent Application Publication = Mar. 10,2016 Sheet 2 of 13 US 2016/0072065 A1

FIG. 2

.
%

{ ;

:"“ ‘W»W‘PW»W&WWW %
T ¥ 1§ )

{
Y
i \l
& ;g T
§

* il
g*c
32

oo

e

A A A A A AR SR IR AT I 4 AN 1




Patent Application Publication = Mar. 10,2016 Sheet 3 of 13 US 2016/0072065 A1

15‘\,/1\__ .................................................
o I
N i
el
fum— —ca—| R
iG? 21) \k\ZE |




Patent Application Publication

FIG. 3

Mar. 10,2016 Sheet 4 of 13

10

83 ’ /,f';
NEENEEENS
22 /7\91 \\
Ko 21
A O
_
) ]
11 12

G2

US 2016/0072065 A1



Patent Application Publication

10

FIG. 4A

Mar. 10,2016 Sheet S of 13

e

] & [ | [
N,

)

. /
LT
(I

f‘\

&

G2

12

US 2016/0072065 A1



Patent Application Publication = Mar. 10,2016 Sheet 6 of 13

10

FIG. 4B

US 2016/0072065 A1



US 2016/0072065 A1

Mar. 10,2016 Sheet 7 of 13

Patent Application Publication

FIG. 5A




Patent Application Publication = Mar. 10,2016 Sheet 8 of 13 US 2016/0072065 A1

FI1G. 5B




Patent Application Publication = Mar. 10,2016 Sheet 9 of 13 US 2016/0072065 A1

o~ 5
| | f‘ ‘___J""" ‘1&




Patent Application Publication =~ Mar. 10,2016 Sheet 100f13  US 2016/0072065 A1

FIG.7

SIS
A -
a} - =
A BT Gt €21 BYM A2
AT 10T
{b} - ."e’ \\ -
A2 BIZ Ci2 Q2 B2 AR
-1 RE .
‘ -~ ™~
{o}
vy e,

A3 e B3 AZS



Patent Application Publication = Mar. 10,2016 Sheet 11 of 13

FIG. 8

|

US 2016/0072065 A1



Patent Application Publication =~ Mar. 10,2016 Sheet 120f13  US 2016/0072065 A1

b
.A“"f

30 ..

FAR B E“ifE‘

zz*t 1 +1,_2H

Z‘t 1 2

= e T 2

A

p{ (10— [

] i

T !

1 12




Patent Application Publication = Mar. 10,2016 Sheet 130f13  US 2016/0072065 A1

FIG. 7A

@ |[—F

A1t BT O o B A

FIG. 7B

A2 BI2 Cf2 02 B AR

FIG.7C

{c}

A1 813 824 A28



US 2016/0072065 A1l

DEPOSITION APPARATUS AND METHOD OF
DEPOSITING THIN-FILM OF ORGANIC
LIGHT-EMITTING DISPLAY DEVICE BY

USING THE DEPOSITION APPARATUS

CLAIM OF PRIORITY

[0001] This application claims the priority and all the ben-
efits accruing under 35 U.S.C. §119 of Korean Patent Appli-
cation No. 10-2014-0119381, filed on Sep. 5, 2014, in the
Korean Intellectual Property Office (“KIPO”), the disclosure
of which is incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] One or more embodiments of the present invention
relate to a deposition apparatus and a method of depositing a
thin-film of an organic light-emitting display device by using
the deposition apparatus.

[0004] 2. Description of the Related Art

[0005] Among the display devices, organic light-emitting
display devices have a wide viewing angle, excellent contrast
ratio, and high response time, and thus, they have been
regarded as the next-generation display devices.

[0006] In general, an organic light-emitting display device
has a stack-type structure in which an emission layer is placed
between an anode and a cathode emits lights of different
colors by recombination of holes and electrons respectively
inserted therein from the anode and the cathode. However,
since it is difficult to obtain highly efficient emission based on
this stack-type structure, one or more intermediate layers
such as an electron injection layer, an electron transport layer,
a hole transport layer, a hole injection layer, or the like are
selectively placed between the electrodes and the emission
layer.

[0007] A thin-film in the structure of the organic light-
emitting display device is formed by using a vacuum deposi-
tion process whereby an organic material or metal to form an
electrode is deposited on a substrate in a vacuum atmosphere.
The vacuum deposition process is performed by placing a
substrate on which an organic thin-film is to be formed in a
vacuum chamber, adhering a fine metal mask (FMM) having
the same pattern as the organic thin-film to the substrate,
evaporating or sublimating the organic material by using a
deposition source, and depositing the evaporated or subli-
mated organic material on the substrate.

SUMMARY OF THE INVENTION

[0008] One or more embodiments of the present invention
include a deposition apparatus and a method of depositing a
thin-film of an organic light-emitting display device by using
the deposition apparatus, whereby the thin-film is deposited
on a substrate with improved uniformity.

[0009] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
embodiments.

[0010] According to one or more embodiments of the
present invention, a deposition apparatus includes a deposi-
tion source including a plurality of nozzles that spray a depo-
sition material onto a substrate; a mask disposed between the
substrate and the deposition source and including a plurality
of first openings through which the deposition material
passes; and at least one deposition incident angle adjusting
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plate disposed between the mask and the deposition source
and including a plurality of second openings for adjusting a
deposition incident angle of the deposition material that is
sprayed from the plurality of nozzles, wherein the at least one
deposition incident angle adjusting plate is movable in a first
direction toward the substrate or a second direction opposite
the first direction. The mask is separated from the substrate by
a gap.

[0011] A distance between the substrate and the at least one
deposition incident angle adjusting plate may vary according
to a movement of the at least one deposition incident angle
adjusting plate.

[0012] A distance between the deposition source and the at
least one deposition incident angle adjusting plate may vary
according to a movement of the at least one deposition inci-
dent angle adjusting plate.

[0013] Theplurality of nozzles may be linearly arrayed in a
direction that is perpendicular to the first direction.

[0014] The deposition source may be moved in a direction
that is perpendicular to the first direction and may cross the
direction in which the plurality of nozzles are arrayed.
[0015] The plurality of second openings may extend in a
direction that is in parallel with a movement direction of the
deposition source.

[0016] The plurality of second openings may extend in a
direction that forms an acute angle with amovement direction
of the deposition source.

[0017] According to one or more embodiments of the
present invention, a method of depositing a thin-film of an
organic light-emitting display device by using a deposition
apparatus includes operations of disposing a substrate to face
a deposition source including a plurality of nozzles that spray
a deposition material, depositing the deposition material,
which are sprayed from the plurality of nozzles, on the sub-
strate via a plurality of second openings of a deposition inci-
dent angle adjusting plate and a plurality of first openings of
a mask; and moving the deposition incident angle adjusting
plate in at least one of a first direction toward the substrate and
a second direction opposite the first direction.

[0018] One or more regions of the substrate on which the
deposition material is deposited may vary according to a
movement of the deposition incident angle adjusting plate.
[0019] The deposition material may include an organic
material for forming an organic emission layer. The deposi-
tion material may also include a metal material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0021] FIG. 11is a perspective view of a deposition appara-
tus according to an embodiment of the present invention;
[0022] FIG. 2 illustrates the deposition apparatus of FIG. 1,
FIG. 2A illustrates the apparatus in another view of y-z plane;
[0023] FIG. 3 illustrates an example in which deposition is
being performed in the deposition apparatus of FIG. 2;
[0024] FIGS. 4A and 4B illustrate an example in which a
deposition incident angle adjusting plate is moved in a first
direction or a second direction in the deposition apparatus of
FIG. 3;

[0025] FIG. 5A is a perspective view of a deposition appa-
ratus, according to another embodiment of the present inven-
tion;
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[0026] FIG. 5B is a plan view illustrating a top view of the
deposition apparatus of FIG. 5A;

[0027] FIG. 6 illustrates an example in which a deposition
material sprayed from a nozzle of a deposition source passes
through a deposition incident angle adjusting plate and is
deposited on a substrate;

[0028] FIGS. 7A, 7B, and 7C illustrate deposition profiles
of the deposition matetial deposited by the deposition appa-
ratus in which the deposition incident angle adjusting plate is
fixed, according to comparative examples;

[0029] FIG. 8 illustrates a deposition profile of the deposi-
tion material deposited by the deposition apparatus when the
deposition incident angle adjusting plate is moved, according
to a test of the present embodiment; and

[0030] FIG. 9 illustrates a deposition apparatus, according
to another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0031] As the invention allows for various changes and
numerous embodiments, particular embodiments will be
illustrated in the drawings and described in detail in the writ-
ten description. Effects and features of the present invention
and methods of accomplishing the same may be understood
more readily by reference to the following detailed descrip-
tion of preferred embodiments and the accompanying draw-
ings. The present invention may, however, be embodied in
many different forms and should not be construed as being
limited to the embodiments set forth herein.

[0032] Hereinafter, one or more embodiments of the
present invention will be described below in more detail with
reference to the accompanying drawings. Those components
that are the same or are in correspondence are rendered the
same reference numeral regardless of the figure number, and
redundant explanations are omitted.

[0033] Hereinafter, in one or more embodiments, while
such terms as “first,” “second,” etc., may be used, but such
components must not be limited to the above terms, and the
above terms are used only to distinguish one component from
another.

[0034] Hereinafter, in one or more embodiments, a singular
form may include plural forms, unless there is a particular
description contrary thereto.

[0035] Hereinafter, in one or more embodiments, terms
such as “comprise” or “comprising” are used to specify exist-
ence of a recited feature or component, not excluding the
existence of one or more other recited features or one or more
other components.

[0036] Hereinafter, in one or more embodiments, it will
also beunderstood that when an element such as layer, region,
or component is referred to as being “on” another element, it
can be directly on the other element, or intervening elements
such as layer, region, or component may also be interposed
therebetween.

[0037] In the drawings, for convenience of description, the
sizes of layers and regions are exaggerated for clarity. For
example, a size and thickness of each element may be random
for convenience of description, thus, one or more embodi-
ments of the present invention are not limited thereto.
[0038] Expressions such as “at least one of,” when preced-
ing a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0039] FIG.11s a perspective view of a deposition appara-
tus 1 according to an embodiment of the present invention.
FIGS. 2 and 2A illustrate the deposition apparatus 1 of FIG. 1.
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[0040] Referring to FIGS. 1 and 2, the deposition apparatus
1 may include a vacuum chamber 2, a deposition source 10, a
deposition incident angle adjusting plate 20, a mask 30, and a
substrate S. The mask 30 is separated from the substrate S by
a gap GM. The deposition incident angle adjusting plate 20 is
spaced apart from the nozzles 12.

[0041] The vacuum chamber 2 is maintained in a high
vacuum state and provides an environment appropriate for a
deposition procedure. For example, the inner space of the
vacuum chamber 2 may be maintained at a pressure of about
107° Torr or less.

[0042] The deposition source 10 may include a crucible 11
that is filled with a deposition material, and a plurality of
nozzles 12 for spraying the deposition material that is evapo-
rated in the crucible 11. The deposition source 10 may further
include a heater (not shown) for evaporating the deposition
material in the crucible 11.

[0043] The deposition material may be an organic material
for forming an organic emission layer. However, the type of
the deposition material is not limited thereto and the deposi-
tion material may be a metal material.

[0044] The nozzles 12 are arranged to be separated from
each other. For example, the nozzles 12 may be linearly
arrayed. In more detail, the nozzles 12 may be linearly
arrayed along an x-axis direction that is perpendicular to a
first direction (i.e., Z1) toward the substrate S.

[0045] The deposition source 10 may be moved in a direc-
tion that crosses (e.g., the direction (i.e., a y-axis direction)
that is perpendicular to) the x-axis direction in which the
nozzles 12 are arrayed. The movement direction (i.e., the
y-axis direction) of the deposition source 10 is perpendicular
to the first direction (i.e., Z1) that is toward the substrate S.

[0046] The substrate S may be disposed above the deposi-
tion source 10 to be separated from the deposition source 10.
Also, the substrate S may bedisposed so as to face the nozzles
12. The deposition material that is sprayed from the nozzles
12 may be deposited on the substrate S so that a thin-film T
may be formed on the substrate S.

[0047] The mask 30 is disposed between the deposition
source 10 and the substrate S. The mask 30 is disposed adja-
cent to the substrate S. The mask 30 includes first openings 31
that have a predetermined pattern. The pattern of the first
openings 31 may correspond to a pattern of the thin-film T to
be deposited on the substrate S. Therefore, as the deposition
material passes through the first openings 31 of the mask 30,
the thin-film T having the pattern that corresponds to the
pattern of the first openings 31 may be deposited on the
substrate S.

[0048] The mask 30 may be formed of one of a group of
materials consisting of metal, inorganic material such as
glass, organic material such as polymer, and a combination of
said materials; but a material of the mask 30 is not limited
thereto.

[0049] At least one deposition incident angle adjusting
plate 20 is disposed between the mask 30 and the deposition
source 10. The deposition incident angle adjusting plate 20 is
disposed above the nozzles 12 with a space therebetween.
Since the deposition incident angle adjusting plate 20 is sepa-
rated from the nozzles 12, the deposition incident angle
adjusting plate 20 is not affected by a temperature of the
nozzles 12. Thus, a material for manufacturing the deposition
incident angle adjusting plate 20 may be easily selected.
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[0050] The deposition incident angle adjusting plate 20
includes a plurality of second openings 21 for adjusting the
deposition angle of the deposition material with respect to the
substrate S.

[0051] The second openings 21 may extend in a direction
(i.e., a z-axis direction) that is parallel to the first direction
(i.e,, Z1)toward the substrate S. Accordingly, from among the
deposition material that is sprayed from the nozzles 12, the
deposition material sprayed with a relatively great incident
angle with respect to the substrate S passes through the sec-
ond openings 21. Whereas the deposition material sprayed
with a relatively small incident angle with respect to the
substrate S is reflected by the second openings 21, thus, the
incident angle of the deposition material deposited on the
substrate S may be changed.

[0052] Also, the second openings 21 may extend in a direc-
tion that is parallel to the movement direction (i.e., the y-axis
direction) of the deposition source 10. In addition, a shape of
surfaces of the second openings 21 in a direction (i.e., sur-
faces in X and Y-axes directions) that is perpendicular to the
first direction (i.e., Z1) may vary. For example, although not
illustrated, the shape of the second openings 21 may be a
polygonal shape including a square or a regular hexagon or
may be a shape of which portion is curved.

[0053] The deposition incident angle adjusting plate 20
may be movable in the first direction (i.e., Z1) toward the
substrate S and in a second direction (i.e., Z2) opposite the
first direction (i.e., Z1). Accordingly, the uniformity of the
thin-film T formed on the substrate S may be improved. This
will be described later.

[0054] FIG. 3 illustrates an example of deposition is per-
formed in the deposition apparatus 1 of FIG. 2. For conve-
nience of description, FIG. 3 depicts a case when the deposi-
tion material is sprayed only from one of the nozzles from
among the nozzles 12, but one or more embodiments are not
limited thereto, and the deposition material may be sprayed
from all of the nozzles 12.

[0055] Referring to FIG. 3, the nozzle 12 of the deposition
source 10 sprays the deposition material. In more detail, the
deposition source 10 sprays the deposition material at a pre-
determined spraying angle 01.

[0056] A movement of the deposition material sprayed
from the nozzle 12 may be guided by the second openings 21
of the deposition incident angle adjusting plate 20. Accord-
ingly, part of the deposition material that is sprayed from the
nozzle 12 may have a different incident angle 02 with respect
to the substrate S.

[0057] For example, part of the deposition material that is
sprayed from the nozzle 12 and has a great incident angle 02
with respect to the substrate S may pass through the second
opening 21, whereas an incident angle of part of the deposi-
tion material that is sprayed from the nozzle 12 and has a
small incident angle 02 with respect to the substrate S may
change deposition incident angle while the deposition mate-
rial passes through the second opening 21 because, if the
incident angle 82 of the deposition material is small, the
deposition material may hit a wall of the second opening 21.

[0058] However, since the incident angle 02 of the deposi-
tion material with respect to the substrate S is changed by the
deposition incident angle adjusting plate 20, a minimum inci-
dent angle 83 of the deposition material with respect to the
first opening 31 of the mask 30 may be achieved. The mini-
mum incident angle 03 is equal to or greater than a predeter-
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mined angle. For example, the minimum incident angle 63
may be equal to or greater than 60 degrees.

[0059] The deposition material that is incident on the first
opening 31 of the mask 30 passes through the first opening 31
and is deposited on a region of the substrate S that overlaps the
first opening 31. Accordingly, the thin-film T having the pat-
tern that corresponds to the first opening 31 is formed on the
substrate S. Since the minimum incident angle 63 of the
deposition material with respect to the first opening 31 is
increased, it is possible to sharply decrease the occurrence of
a shadow phenomenon in which the deposition material is
deposited on a region of the substrate S that does not overlap
the first opening 31 of the mask 30 which is separated from
the substrate S.

[0060] However, since the deposition incident angle 02 of
the deposition material is changed while the deposition mate-
rial that is sprayed from the nozzle 12 passes through the
second openings 21 of the deposition incident angle adjusting
plate 20, the deposition material may be deposited more on
some regions of the mask 30 and may be deposited less on
other regions of the mask 30. Accordingly, the uniformity of
the thin-film T for by the deposition material that passed
through the first opening 31 of the mask 30 and is deposited
on the substrate S may deteriorate.

[0061] In the present embodiment, the deposition incident
angle adjusting plate 20 is movable in the first direction (i.e.,
71) and the second direction (i.e., Z2), so that it is possible to
prevent the uniformity of the thin-film T from deteriorating if
the deposition incident angle adjusting plate 20 is fixed.
[0062] FIGS. 4A and 4B illustrate an example in which the
deposition incident angle adjusting plate 20 is moved in the
first direction (i.e., Z1) or the second direction (i.e., Z2) in the
deposition apparatus 1 of FIG. 3.

[0063] Referring to FIG. 4A, the deposition incident angle
adjusting plate 20 is moved in the first direction (i.e., Z1) and
thus is located at a first position. Accordingly, a distance
between the deposition incident angle adjusting plate 20 and
the substrate S is decreased from G1 to G11, and a distance
between the deposition incident angle adjusting plate 20 and
the nozzle 12 is increased from G2 to G21. In this case, the
deposition material that passed through the deposition inci-
dent angle adjusting plate 20 may be concentrated on points
al, bl,cl,d1, el, fl, and gl of the substrate S or the mask 30.
[0064] Referring to FIG. 4B, the deposition incident angle
adjusting plate 20 is moved in the second direction (i.e., 72)
and thus is located at a second position. Accordingly, the
distance between the deposition incident angle adjusting
plate 20 and the substrate S is increased from G1 to G12, and
the distance between the deposition incident angle adjusting
plate 20 and the nozzle 12is decreased from G2 to G22. In this
case, the deposition material that passed through the deposi-
tion incident angle adjusting plate 20 may be concentrated on
points a2, b2, c2, d2, e2, 2, and g2 of the substrate S or the
mask 30. Some of the points a2, b2, ¢2, d2, e2, {2, and g2 may
be different from points al, b1, the c1, d1, el, f1, and gl.
[0065] As described above, since the deposition incident
angle adjusting plate 20 is moved in at least one of the first
direction (i.e., Z1) and the second direction (i.e., Z2), the
deposition material that is sprayed from the nozzle 12 and
passes through the second opening 21 of the deposition inci-
dent angle adjusting plate 20 may reach different regions of
the substrate S and different regions of the mask 30. There-
fore, it is possible to prevent a phenomenon in which the
deposition material is concentrated on some regions because
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the deposition incident angle adjusting plate 20 is fixed. By
doing so, the uniformity of the thin-film T formed on the
substrate S by the deposition material that passed through the
mask 30 may be improved.

[0066] FIG.5A is a perspective view of a deposition appa-
ratus la, according to another embodiment of the present
invention. FIG. 5B is a plan view illustrating a top view of the
deposition apparatus la of FIG. 5A. For convenience of
description, FIG. 5B does not illustrate a substrate S and a
mask 30.

[0067] Referring to FIGS. 5A and 5B, the deposition appa-
ratus la may include a vacuum chamber 2, a deposition
source 10, a deposition incident angle adjusting plate 20q, the
mask 30, and the substrate S.

[0068] The vacuum chamber 2, the deposition source 10,
the mask 30, and the substrate S are the same as those
described in the previous embodiment, thus, differences ther-
ebetween are mainly described.

[0069] The deposition source 10 is arranged by arraying a
plurality of nozzles 12 in a predetermined direction. The
deposition source 10 may be moved in a direction that crosses
an array direction of the nozzles 12. For example, the depo-
sition source 10 may be moved in a direction that is perpen-
dicular to the array direction of the nozzles 12.

[0070] A plurality of second openings 21a of the deposition
incident angle adjusting plate 20a may extend in a direction
that forms an acute angle with a movement direction of the
deposition source 10. That is, an angle 64 formed between an
extending direction of the deposition source 10 and the move-
ment direction of the deposition source 10 may be the acute
angle. When the deposition source 10 is moved, a shape ofthe
second openings 21a that overlap the nozzles 12 varies, so
that a deposition region on the substrate S may vary.

[0071] Since the deposition incident angle adjusting plate
20a is moved in at least one of a first direction (i.e., Z1) and a
second direction (i.e., Z2), it is possible to secondly prevent
the occurrence of a phenomenon in which the deposition
material is concentrated on some regions.

[0072] In other words, since the extending direction of the
second openings 21a of the deposition incident angle adjust-
ing plate 20a is changed, the concentration of the deposition
material on some portions of the substrate S may be firstly
prevented and the deposition source 10 and also, according to
a relative movement of the deposition incident angle adjust-
ing plate 20a and the substrate S, the concentration of the
deposition material may be secondarily prevented. As a
result, the uniformity of the thin-film T formed on the sub-
strate S via the deposition material that passes through the
mask 30 may be further improved.

[0073] Due to the deposition incident angle adjusting plate
20aq that extends so as to allow the second openings 21a to
make an acute angle, e.g., 45 degrees, with the movement
direction of the deposition source 10, the uniformity of the
thin-film T may be improved by 92%, and since the deposi-
tion incident angle adjusting plate 20a is moved in the first
direction (i.e., Z1) and the second direction (i.e., Z2), the
uniformity of the thin-film T may be improved by 97.12%.
[0074] FIG. 6 illustrates an example when a deposition
material that is sprayed from a nozzle 12 of a deposition
source 10 passes through a deposition incident angle adjust-
ing plate 20 and is deposited on a substrate S. FIGS. 7A, 7B,
7C, and 8 illustrate simulation results according to the depo-
sition apparatus 1 of the FIG. 6. FIGS. 7A, 7B, 7C illustrate
deposition profiles of the deposition material deposited by the
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deposition apparatus 1 when the deposition incident angle
adjusting plate 20 is fixed, according to the comparative
examples, and FIG. 8 illustrates a deposition profile of the
deposition material deposited by the deposition apparatus 1
when the deposition incident angle adjusting plate 20 is
moved, according to a test of the present embodiment.
[0075] Referring to FIG. 6, as a common condition for the
simulations in the comparative examples of FIGS. 7A, 7B,
and 7C and the present embodiment, the deposition apparatus
1 includes the deposition source 10 that faces the substrate S,
and the deposition incident angle adjusting plate 20 that is
disposed between the substrate S and the deposition source
10. A height H of second openings 21 of the deposition
incident angle adjusting plate 20 was 50 mm, a width W of the
second openings 21 was 50 mm, and the deposition material
was sprayed from a nozzle 12 from among a plurality of
nozzles 12 of the deposition source 10. In order to clearly
shown an effect on the deposition material due to the depo-
sition incident angle adjusting plate 20, the mask 30 was
excluded from the deposition apparatus 1.

[0076] After setting the aforementioned conditions, when
the deposition material was sprayed, a deposition profile P
was formed on the substrate S.

[0077] In the comparative examples of FIGS. 7A, 7B, and
7C, the depositionincident angle adjusting plate 20 was fixed,
a distance G1 between the substrate S and the deposition
incident angle adjusting plate 20 was fixed at 50 mm, 150
mm, and 200 mm, and then the deposition material was
deposited on the substrate S via the deposition incident angle
adjusting plate 20.

[0078] Referring to FIG. 7A, the deposition material was
less deposited on regions A11, B11, C11, A21, B21, and C21,
compared to other regions of the substrate S. As a result, the
uniformity of a thin-film T formed on the substrate S was
54.348%.

[0079] Referring to FIG. 7B, the deposition material was
less deposited on regions A12, B12, C12, A22, B22, and C22,
compared to other regions of the substrate S. As a result, the
uniformity of a thin-film T formed on the substrate S was
52.795%.

[0080] Referring to FIG. 7C, the deposition material was
less deposited on regions A13, B13, A23, and B23, compared
to other regions of the substrate S. As a result, the uniformity
of a thin-film T formed on the substrate S was 53.416%.

[0081] As apparent from these results, when the deposition
incident angle adjusting plate 20 was fixed, i.e., when the
distance G1 between the substrate S and the deposition inci-
dent angle adjusting plate 20 was fixed, although the distance
G1 varied, the uniformity of the thin-film T was considerably
low, e.g., the uniformity of the thin-film T was equal to or less
than 55%.

[0082] FIG. 8 illustrates the test when the substrate S was
moved, in more detail, the deposition material was deposited
on the substrate S via the deposition incident angle adjusting
plate 20 while the deposition incident angle adjusting plate 20
was moved to allow the distance G1 between the substrate S
and the deposition incident angle adjusting plate 20 to vary
from 50 mm to 200 mm.

[0083] Referring to FIG. 8, compared to the comparative
examples of FIGS. 7A, 7B, and 7C, the regions on which the
deposition material was less deposited were significantly
reduced due to the movement of the deposition incident angle
adjusting plate 20, and thus the deposition material was
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deposited in a uniform manner. As a result of the test, the
uniformity of the thin-film T was 83.851%.

[0084] Hereinafter, a method of depositing a thin-film T of
the organic light-emitting display device is described with
reference to the above drawings.

[0085] Referring to FIG. 3, the substrate S is disposed to
face the deposition source 10 that includes the nozzles 12 for
spraying the deposition material.

[0086] Next, the deposition material that is sprayed from
the nozzles 12 is deposited on the substrate S via the second
openings 21 of the deposition incident angle adjusting plate
20 and the first openings 31 of the mask 30.

[0087] While the deposition material is deposited on the
substrate S, the deposition incident angle adjusting plate 20 is
moved in the first direction (i.e., Z1) as shown in FIG. 4A or
the second direction (i.e., Z2) as shown in FIG. 4B. In this
manner, since the deposition incident angle adjusting plate 20
is moved in the first direction (i.e., Z1) or the second direction
(i.e., 72), some regions of the substrate S on which the depo-
sition material is deposited change.

[0088] The deposition material that is deposited on the
substrate S may be an organic material for forming an organic
emission layer to be used in the organic light-emitting display
device.

[0089] According to the one or more embodiments, the
deposition incident angle adjusting plate 20 is moved while
the deposition material is deposited on the substrate S, but the
one or more embodiments are not limited thereto. For
example, the deposition incident angle adjusting plate 20 may
be moved before or after the deposition material is deposited
on the substrate S.

[0090] Also, according to the one or more embodiments,
one deposition incident angle adjusting plate 20 or 20a is
used, but the one or more embodiments are not limited
thereto. For example, as shown in FI1G. 9, a deposition appa-
ratus 16 may include a plurality of deposition incident angle
adjusting plates 20-1 and 20-2. In this regard, the deposition
incident angle adjusting plates 20-1 and 20-2 may be moved
in one direction or different directions. Also, a shape and a
size of second openings 21-1 and 21-2 of the deposition
incident angle adjusting plates 20-1 and 20-2 may be constant
or at least one of them may be different from the other ones.
[0091] As described above with regard to the deposition
apparatus and the method of depositing a thin-film of the
organic light-emitting display device by using the deposition
apparatus according to the one or more of the above embodi-
ments of the present invention, the deposition incident angle
adjusting plate for guiding a movement direction of the depo-
sition material sprayed from the deposition source is moved
in at least one of a first direction toward the substrate and a
second direction opposite the first direction. Accordingly, the
uniformity of the thin-film deposited via the deposition inci-
dent angle adjusting plate may be improved.

[0092] It should be understood that the exemplary embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.

[0093] While one or more embodiments of the present
invention have been described with reference to the figures, it
will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
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without departing from the spirit and scope of the present
invention as defined by the following claims.

What is claimed is:

1. A deposition apparatus, comprising:

a deposition source comprising a plurality of nozzles that
spray a deposition material onto a substrate;

a mask disposed between the substrate and the deposition
source and comprising a plurality of first openings
through which the deposition material passes; and

at least one deposition incident angle adjusting plate dis-
posed between the mask and the deposition source and
comprising a plurality of second openings for adjusting
a deposition incident angle of the deposition material
that is sprayed from the plurality of nozzles, wherein

the at least one deposition incident angle adjusting plate is
movable in a first direction toward the substrate or a
second direction opposite the first direction.

2. The deposition apparatus of claim 1, wherein a distance
between the substrate and the at least one deposition incident
angle adjusting plate varies according to a movement of the at
least one deposition incident angle adjusting plate.

3. The deposition apparatus of claim 1, wherein a distance
between the deposition source and the at least one deposition
incident angle adjusting plate varies according to amovement
of the at least one deposition incident angle adjusting plate.

4. The deposition apparatus of claim 1, wherein the plural-
ity of nozzles are linearly arrayed in a direction that is per-
pendicular to the first direction.

5. The deposition apparatus of claim 4, wherein the depo-
sition source is moved in a direction that is perpendicular to
the first direction and crosses the direction in which the plu-
rality of nozzles are arrayed.

6. The deposition apparatus of claim 5, wherein the plural-
ity of second openings extend in a direction that is in parallel
with a movement direction of the deposition source.

7. The deposition apparatus of claim 5, wherein the plural-
ity of second openings extend in a direction that forms an
acute angle with a movement direction of the deposition
source.

8. A method of depositing a thin-film of an organic light-
emitting display device by using a deposition apparatus, the
method comprising:

disposing a substrate to face a deposition source compris-
ing a plurality of nozzles that spray a deposition mate-
rial;

depositing the deposition material, which are sprayed from
the plurality of nozzles, on the substrate via a plurality of
second openings of a deposition incident angle adjusting
plate and a plurality of first openings of a mask; and

moving the deposition incident angle adjusting plate in at
least one of a first direction toward the substrate and a
second direction opposite the first direction.

9. The method of claim 8, wherein, one or more regions of
the substrate on which the deposition material is deposited
vary according to a movement of the deposition incident
angle adjusting plate.

10. The method of claim 8, wherein the deposition material
comprises an organic material for forming an organic emis-
sion layer.

11. The method of claim 8, wherein the deposition material
further comprises a metal material.

12. The deposition apparatus of claim 1, wherein the depo-
sition material further comprises a metal material.
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13. The method of claim 8, wherein the mask is separated
from the substrate.

14. The deposition apparatus of claim 1, wherein the mask
is separated from the substrate.

15. The deposition apparatus of claim 1, wherein the mask
is formed of one of a group of materials consisting of metal,
inorganic material, organic material, and a combination of
said materials.

16. The method of claim 8, wherein the mask is formed of
one of a group of materials consisting of metal, inorganic
material, organic material, and a combination of said materi-
als.

Mar. 10, 2016



THMBW(EF)

[FR]ERE (BRI A (I
RF(EFR)AGE)

HAT R E (TR AGE)

FRI& B A

RHA

S\EReERE

BEG®)

RE—FIIFEE , SEIRR , IRIRR BRI BRHEE
BEEERMIRNREZAHSERSE , HEE
, ARM BB FTRE—-F O, ED—
R, REEEENIIRZE , HEESANE=FO , BFETMAZA

BB LA RS A S A, 5 e | FTRZED — N ASH AR
WAEE—FELBaERREE-AaERME=-Fa%Es , HAI
RASABETIRSBEEERET.

R LB Z AN B AR
ZANE—FN

SRR MBI FEANREZINRENAXE REENBEN T X

US20160072065A1 K (2E)R
US14/614019 iR
=ZESRERAT

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

KIM JAESIK

BANG HYUNSUNG
LEE DUCKJUNG

IM SUNGSOON
CHO YOUNGSUK
HWANG KYUHWAN

KIM, JAESIK

BANG, HYUNSUNG
LEE, DUCKJUNG
IM, SUNGSOON
CHO, YOUNGSUK
HWANG, KYUHWAN

HO1L51/00 B0O5B15/04 HO1L51/56

patsnap

2016-03-10

2015-02-04

HO1L51/0011 HO1L51/56 HO1L51/0012 BO5B15/045 B05B12/16 C23C14/042 C23C14/24

1020140119381 2014-09-05 KR

Espacenet  USPTO

b enl
e e

{

A el
L

ARG AFT

ey
oy e

Ol 1 0 it o
e i

[ _=ay-=—1]



https://share-analytics.zhihuiya.com/view/f94b2fad-2d1b-481a-b552-d83cc862e01e
https://worldwide.espacenet.com/patent/search/family/055438326/publication/US2016072065A1?q=US2016072065A1
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=%2220160072065%22.PGNR.&OS=DN/20160072065&RS=DN/20160072065

