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(57) ABSTRACT

A deposition apparatus is configured to form a deposition
layer on a substrate. The deposition apparatus includes a
deposition source configured to face a first side of the sub-
strate and to spray one or more depositing materials toward
the substrate, a cooling stage configured to support a second
side of the substrate that is opposite from the first side of the
substrate, and a hardening unit configured to harden the one
or more depositing materials sprayed from the deposition
source and that have reached the substrate. A method of
forming a thin film deposition layer on a substrate by using a
deposition apparatus is also provided. The method includes
spraying one or more depositing materials toward the sub-
strate by using a deposition source of the deposition apparatus
while the substrate is on a cooling stage of the deposition
apparatus.



Patent Application Publication Oct. 2,2014 Sheet 1 of 5 US 2014/0291626 A1

FIG. 1

S S I S R SN S e S Ch S SR e R e

L N T T R O A
S I S AR I D T 2 AT SR N S S R SR S
L. R R U T T T R T Y T T R R L e ‘E 30
2L L N N A T O R I I

E R I S L T R U R R RN R S R N N B S I 4
RN WS S S T S S . T S S S W S S S S

SIATAN OIS FTEAIL RIS AP TP EIT LTI s I e R T
LSS AN S S { N 1 .Ig\ A M M M aY

o LW LA A O S A O N S A L W (A QR RPN R

S

0

z

L,

FIG. 2

230
2%\\ 200
)/ a0 M




Patent Application Publication Oct. 2,2014 Sheet 2 of 5 US 2014/0291626 A1

FIG. 3

230

g —
231 231 251
[ N ] /

200

T v 3f & + ‘\4- L + 04

¥ oot R 4 LI
b+ v o+ o+ 2 e- 3 +

+ + + t + + o+ o+
v+ RN Py Y

. + . 4

N T T (« 7 /fi*lix?f/»%@
&Z’@fAfMW&WAMWAfM %%i% 210
[REARY

O O O O N T N N

o N AN A LI A LN L A L A O L Y YO A 211
> AALEAARTIALLLASA LAY TS

/9’////@7f/9f///@7// m220

221 ,422
L.,

FIG. 4
300

L L L L 320

AN

B Y Y N AR L AR P ARV RNt AR YV R LV AR ARy
0 WOONS W W SN N W W e N W W W

T e T T T 7 e e 31

++++++++++4~ev+f+++++4
& +

o+t t ot + + 1+ R
R N T TR S ) LR
I N T TR T N S N N P A S F S S SV S ’3 ‘fg {}
L + E I T I S T S SN S S SR Adeds
S L EE S A

*
*“4‘4"{4‘%?#‘}?*6&-?#'}"{‘?1‘1‘




Patent Application Publication Oct. 2,2014 Sheet 3 of 5 US 2014/0291626 A1

FIG. 5 o

o ©

AN h
N
+ = By 74
s 2
+ ++ g.‘f:‘:‘: /\\
+
N -
+ : %E: %
++ 4 8 E: \
+ 27 %
*+ 4 Si#’ /\
N
2 %E: /\
*+ # ‘3” /\\\
P s:::
¥
A o /\
+ £z
+++ o s“’ /\
4 4 Q:: /\
+ o+
PR S~ Ex \
4+ 4+ 4 \\g
++++++ :\EE /\
+¢+.,.+@ *‘\3,—— ;\
+ o+ =T A
SO AN
+ o+ A4 & ED
*4-1;++ \3 i
) 19
430 410 420

FIG. 6

1000




Patent Application Publication Oct. 2,2014 Sheet 4 of 5 US 2014/0291626 A1

FIG. 7

10600

Tt Tt FoTT ot b ks 3 '?‘P?f.;/.}‘igg.\

gf;// /f%//// /// /};’/}7/’ *ch;/ »“23 1120
//

/ /
/ / 7 g= 1101
/ / / / v /

FiG. 8




Patent Application Publication Oct. 2,2014 Sheet 5 of 5 US 2014/0291626 A1

FIG. 9
2120 2000
(,................,1’\........_......\‘ f,,‘
2122 2123 2121 /
FIG. 10
3120 3000
/................J\....._....‘....\
3122 3123 3121 TFT
L[]

rrrrrrr

[ g
o . ¥
RALL AV NS

5 TS 2 : - 4 /‘ ¥ / J,"’jf ‘ e
[N \ \\ N v > S -
TETIT 7 oL Vs

| o = NN \’\V\ » Y '/ oy N : y
N
i & Vs & 5 !

/ /T

3108 3105 3103 3107




US 2014/0291626 Al

DEPOSITION APPARATUS, METHOD FOR
FORMING THIN FILM USING THE SAME,
ORGANIC LIGHT EMITTING DISPLAY
APPARATUS AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0033667, filed on
Mar. 28, 2013 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Aspects of embodiments of the present invention
relate to a deposition apparatus, a method for forming a thin
film using the deposition apparatus, an organic light emitting
display apparatus, and a method for manufacturing the
organic light emitting display apparatus.

[0004] 2. Description of the Related Art

[0005] Semiconductor devices, display apparatuses, and
other electric devices may include multiple thin films. Depo-
sition is one of various methods for creating the thin film in
such devices.

[0006] Organic light emitting display apparatuses have
drawn a lot of attention as display apparatuses for the next
generation. Organic light emitting display apparatuses have a
wide viewing angle, excellent contrast, and fast response
speed.

[0007] An example organic light emitting display appara-
tus includes a first electrode, a second electrode, and an inter-
layer (or intermediate layer) between the first and second
electrodes. The organic light emitting display apparatus also
includes an encapsulating layer (or encapsulating unit) that
protects the first and second electrodes, the interlayer, and
other elements. The encapsulating layer may include multiple
layers to improve the encapsulating quality; the multiple lay-
ers may be formed through a deposition method.

[0008] However, forming an encapsulating layer is not an
easy process. Particles or other such objects or surface irregu-
larities (which will all be herein referred to as simply “par-
ticles”) may interfere with the encapsulating process. One
purpose of the encapsulating layer is to cover such particles
and prevent them from being exposed to prevent future mal-
functions and to keep the display apparatus functioning as
designed. Such an encapsulating process may require a long
time and it may not be easy to make the encapsulating layer as
thick as desired (for example, to cover all of the particles).
Hence, it is difficult to improve encapsulating quality of the
encapsulating layer.

SUMMARY

[0009] Embodiments of the present invention provide for a
deposition apparatus that may improve a deposition layer
quality and an encapsulation quality, a method for forming a
thin layer by using the deposition apparatus, an organic light
emitting display apparatus, and a method for manufacturing
the organic light emitting display apparatus.

[0010] According to an example embodiment of the present
invention, a deposition apparatus is provided. The deposition
apparatus is configured to form a deposition layer on a sub-
strate. The deposition apparatus includes a deposition source
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configured to face a first side of the substrate and to spray one
or more depositing materials toward the substrate, a cooling
stage configured to support a second side of the substrate that
is opposite from the first side of the substrate, and a hardening
unit configured to harden the one or more depositing materi-
als sprayed from the deposition source and that have reached
the substrate.

[0011] The cooling stage may be configured to contact the
substrate.

[0012] The cooling stage may be at least as large as the
substrate.

[0013] The cooling stage may include a cooling tunnel
configured to circulate a cooling material.

[0014] The deposition source may include one or more
nozzles to spray the one or more depositing materials.

[0015] The deposition source may be in a form of a show-
erhead.
[0016] The hardening unit may be farther from the sub-

strate than the deposition source.

[0017] The hardening unit may be configured to radiate
ultraviolet light toward the substrate.

[0018] The apparatus may further include a support mem-
ber that supports the deposition source and the hardening unit.
[0019] The support member may surround sides of the
deposition source.

[0020] The hardening unit may include multiple hardening
members having a length in a first direction at least that of the
substrate in the first direction.

[0021] According to another example embodiment of the
present invention, a method of forming a thin film deposition
layer on a substrate by using a deposition apparatus is pro-
vided. The method includes spraying one or more depositing
materials toward the substrate by using a deposition source of
the deposition apparatus while the substrate is on a cooling
stage of the deposition apparatus.

[0022] The one or more depositing materials may include
an organic material.

[0023] The method may further include hardening the one
or more depositing materials by using a hardening unit of the
deposition apparatus after the sprayed one or more depositing
materials have reached the substrate.

[0024] According to yet another example embodiment of
the present invention, a method of manufacturing an organic
light emitting display apparatus is provided. The method
includes: forming, on a substrate, an organic light emitting
device that includes a first electrode, a second electrode, and
an intermediate layer that includes an organic light emitting
layer; and forming, on the organic light emitting device, an
encapsulating layer that includes an inorganic layer and an
organic layer. The forming of the encapsulating layer
includes forming the inorganic layer, and forming the organic
layer to cover one or more particles on the inorganic layer and
to have a curved surface corresponding to a shape of each of
the one or more particles.

[0025] The forming of the organic layer may include spray-
ing a depositing material including an organic material
toward the substrate by using a deposition source while the
substrate is on a cooling stage.

[0026] The forming of the organic layer may further
include hardening the depositing material by using a harden-
ing unit after the sprayed depositing material has reached the
substrate.

[0027] According to still yet another example embodiment
of the present invention, an organic light emitting display
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apparatus is provided. The organic light emitting display
apparatus includes: a substrate; an organic light emitting
device on the substrate and including a first electrode, a sec-
ond electrode, and an intermediate layer including an organic
light emitting layer; an encapsulating layer on the organic
light emitting device and including at least an inorganic layer
and an organic layer on the inorganic layer; and one or more
particles between the inorganic layer and the organic layer.
The organic layer has curved surfaces corresponding to
shapes of the one or more particles.

[0028] A thickness of the organic layer may be smaller than
a height of the one or more particles.

[0029] Theapparatus may further include one or more inor-
ganic layers or organic layers on the encapsulating layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a cross-sectional view illustrating a depo-
sition apparatus according to an embodiment of the present
invention;

[0031] FIG. 2isa perspective view illustrating a deposition
apparatus according to another embodiment of the present
invention;

[0032] FIG.3isacross-sectional view taken along the Line
TI-1TT of FIG. 2;

[0033] FIG. 4 is a cross-sectional view illustrating a depo-
sition apparatus according to another embodiment of the
present invention;

[0034] FIG. 5 is a cross-sectional view illustrating a depo-
sition apparatus according to another embodiment of the
present invention;

[0035] FIG. 6 is a cross-sectional view illustrating an
example organic light emitting display apparatus that has
been manufactured by using a deposition apparatus according
to an embodiment of the present invention;

[0036] FIG. 7 is an enlarged view of Region K of FIG. 6;
[0037] FIG. 8 is an enlarged view of Region M of F1G. 7,
[0038] FIG.9is a cross-sectional view illustrating another

example organic light emitting display apparatus that has
been manufactured by using a deposition apparatus according
to an embodiment of the present invention; and

[0039] FIG.101is across-sectional view illustrating another
example organic light emitting display apparatus that has
been manufactured by using a deposition apparatus according
to an embodiment of the present invention.

DETAILED DESCRIPTION

[0040] Detailed description of construction and operation
of embodiments ofthe present invention will now be provided
with reference to the appended drawings. Herein, the use of
the term “may” when describing embodiments of the present
invention refers to “one or more embodiments of the present
invention.” In addition, the use of alternative language, such
as “or,” when describing embodiments of the present inven-
tion refers to “one or more embodiments of the present inven-
tion” for each corresponding item listed.

[0041] FIG. 1 is a cross-sectional view illustrating a depo-
sition apparatus 100 according to an embodiment of the
present invention. The deposition apparatus 100 includes a
deposition source 110, a cooling stage 120, and a hardening
unit 130.

[0042] Additionally, a chamber (such as a vacuum cham-
ber) may also be provided in order to maintain an environ-
ment (such as a vacuum or near vacuum environment) of a
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depositing place where a deposition process takes place. The
chamber may also be connected to a pump to control an
atmospheric pressure of the deposition process.

[0043] The deposition source 110 may include one or more
nozzles 111 to spray a depositing material toward a substrate
S. The deposition source 110 may be provided in a form of a
showerhead including multiple nozzles 111. Here, the depo-
sition source 110 may be at least as large (for example, when
comparing opposing surface areas) as the substrate S. Thus,
even when the deposition source 110 and the substrate S are
fixed at certain positions, it is possible to spray the depositing
material evenly, efficiently, and easily.

[0044] The deposition source 110 may spray various
depositing materials toward the substrate S. For example, an
organic depositing material O may be sprayed toward the
substrate S.

[0045] The substrate S is provided on top of the cooling
stage 120 to face the deposition source 110. To fix the sub-
strate S onto the cooling stage 120, a device such as a clamp
may be used.

[0046] When the depositing material has been sprayed
from the deposition source 110 and has landed on or reached
the substrate S, the cooling stage 120 cools the depositing
material to reduce fluidity of the depositing material. Thus,
the depositing material is restrained from moving or spread-
ing out. The organic depositing material O is highly fluid,
when the organic depositing material O lands on or reaches
the substrate, the material O may move or spread out easily,
which may thin the layer of depositing material O or cause it
to expose particles on the substrate S. However, according to
an embodiment of the present invention, the fluidity of the
organic depositing material O is significantly reduced due to
the cooling effect from the cooling stage 120. As a result, the
deposition layer containing the organic depositing material O
is restrained from forming a flat-surfaced layer on the sub-
strate (such as becoming too thin or exposing particles or
other such structures or surface irregularities, herein all
referred to as simply “particles”). Thus, even if there are
particles that are thicker than the deposition layer (for
example, thicker than an average thickness of the deposition
layer) on the substrate S, the deposition layer may easily
cover the particles.

[0047] The cooling stage 120 may be in contact with the
substrate S, which may improve (for example, speed up) the
cooling effect of the cooling stage 120 on the deposition layer.
In addition, the cooling stage 120 may include a cooling
material such as a refrigerant (such as refrigerant 222 in FIG.
3) in order to maintain a cooling temperature of the cooling
stage 120. Thus, the cooling stage 120 may keep the surface
temperature of the cooling stage below 0° C. For enhanced
cooling, in some embodiments, the cooling stage may keep
the surface temperature of the cooling stage below -30° C.
[0048] Thehardening unit 130 is provided on the upper part
of the deposition source 110. For example, the hardening unit
130 may face the substrate S. The hardening unit 130 hardens
(or accelerates the hardening of) the depositing material that
was sprayed from the deposition source 110 and has landed
on or reached the substrate S. For example, the hardening unit
130 may radiate ultraviolet light toward the substrate S.
[0049] The following is a brief description of the operation
and effects of the deposition apparatus 100 according to one
embodiment of the present invention. The deposition appara-
tus 100 is provided with the deposition source 110 to form the
deposition layer on the substrate S. The depositionsource 110
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sprays the depositing material, for example, the organic
depositing material O, toward the substrate S.

[0050] The depositing material moves and spreads out on
the substrate and forms the deposition layer. Especially when
the depositing material has a high fluidity, the depositing
material may move and form a flat-surfaced layer (such as a
thinner layer or one with exposed particles) on the substrate S.
In this case, when there are particles on the substrate and the
deposition layer is not thick enough to cover these surface
effects (for example, an average thickness of the deposition
layer is less than a height of the particles), it may expose the
tops of the particles. When the particles are exposed, materi-
als or impurities may leak through or penetrate the deposition
layer, for example, in spaces between the particles and the
deposition layer. Furthermore, when a next layer is formed
afterwards and lies on the deposition layer, the exposed par-
ticles may have their tops touch the newly formed layer,
which may lead to malfunctions of the product or cause the
product to not function as designed.

[0051] According to one embodiment of the present inven-
tion, the cooling stage 120 is provided under the substrate S
and cools the substrate S. The cooling stage 120 thereby
lowers a temperature of the depositing material on the sub-
strate S, reduces the kinetic energy of the depositing material,
and thus restrains the fluidity of the deposition material,
which means the deposition material is restrained from mov-
ing or spreading out on the substrate S. Therefore, even if
there are relatively large particles on the substrate S, the
depositing material may easily cover the particles without
discontinuities in the deposition material (such as holes in the
deposition layer). In other words, the depositing material
does not move and form a flat-surfaced layer and expose the
tops of the particles. Instead, the depositing material lands on
or reaches the substrate S and continues to cover the particles.
Atthe end, the deposition layer does not have a flat surface but
rather a curved surface along the shape of the particles. Thus,
any malfunctions that may be caused by the particles are
avoided, and the display apparatus may function as intended.
[0052] The hardening unit 130 quickly hardens (for
example, accelerates the hardening of) the depositing mate-
rial that has landed on or reached the substrate S, and thereby
reduces the fluidity of the depositing material. Accordingly,
the hardening unit 130, like the cooling stage 120, also
restrains the depositing material from moving, spreading out,
and getting flat. Thus, the depositing material covers the
particles, preventing exposure of the particles as much as
possible.

[0053]  As such, the hardening unit 130 may work in concert
with the cooling stage 120, both components accelerating the
conversion of the depositing material from a highly fluid
material to a solid or a material with significantly less fluidity.
For example, the cooling stage 120 may engage one side of
the depositing material, reducing the fluidity through a drop
in temperature, while the hardening unit may engage the other
side of the depositing material, reducing the fluidity through
a chemical transformation (such as exposing the depositing
material to ultraviolet radiation).

[0054] FIG. 21s a perspective view illustrating a deposition
apparatus 200 according to another embodiment of the
presentinvention. FIG. 3 is a cross-sectional view takenalong
the Line III-11I of FIG. 2. Referring to FIGS. 2 and 3, the
deposition apparatus 200 includes a deposition source 210, a
cooling stage 220, a hardening unit 230, and a support mem-
ber 250.
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[0055] Additionally, a chamber (such as a vacuum cham-
ber) may be also provided in order to maintain an environ-
ment (such as a vacuum or near vacuum environment) of a
depositing location where a deposition process takes place.
The chamber may be also connected to a pump to control
pressure inside the chamber during the deposition process.
[0056] The deposition source 210 may include one or more
nozzles 211 to spray a depositing material toward a substrate
S. The deposition source 210 may be provided in a form of a
showerhead including multiple nozzles 211. Here, the depo-
sition source 210 may be at least as large as the substrate S.
Thus, even when the deposition source 210 and the substrate
S are fixed at certain positions, it is possible to spray the
depositing material evenly, efficiently, and easily.

[0057] The deposition source 210 may spray various
depositing materials toward the substrate S. For example, an
organic depositing material O may be sprayed toward the
substrate S.

[0058] The hardening unit 230 is located on top of the
deposition source 210. In other words, the hardening unit 230
is located on a side of the deposition source 210 that is
opposite from the side of the deposition source 210 that faces
the substrate S, with the deposition source 210 therebetween.
The hardening unit 230 hardens (or accelerates the hardening
of) the deposition material that has been sprayed from the
deposition source 210 and has landed on the substrate S. In
order to harden the depositing material, the hardening umit
230 may radiate ultraviolet light toward the substrate S.
[0059] The hardening unit 230 in FIGS. 2 and 3 includes
multiple hardening members 231. The hardening members
231 each have a long, extended shape. Each hardening mem-
ber 231 may be at least as long in a first direction as the length
of the substrate S in the first direction, so that there is an equal
or even deposition layer quality throughout the whole sub-
strate S. The number of the hardening members 231 may be
decided differently depending on the size of the substrate S
and the desired quality of the depositing layer.

[0060] The support member 250 supports the deposition
source 210 and the hardening unit 230. The support member
250 may be larger than the deposition source 210 so that the
support member 250 surrounds the deposition source 210 (for
example, the support member 250 may surround sides of the
deposition source 210). In some embodiments, the support
member 250 may serve as a housing and house the deposition
source 210. The support member 250 also provides a set space
(such as a predetermined space) for surrounding the deposi-
tion source 210. The hardening unit 230 is located on top of
the support member 250 and may be attached to the top of the
support member 250. More specifically, a lower area of the
hardening member 231 may correspond to a window 251 of
the support member 250. The window 251 may be in a form
ofa through hole. In addition, the window 251 may be formed
of a transparent material. The hardening member 231 may
radiate the ultraviolet light through the window 251 toward
the substrate S.

[0061] The substrate S faces the deposition source 210.
More particularly, the substrate S is located on the cooling
stage 220. A device such as a clamp may be used to fix the
substrate S onto the cooling stage 220.

[0062] When the depositing material has been sprayed
from the deposition source 210 and has landed on the sub-
strate S, the cooling stage 220 cools the depositing material to
reduce fluidity of the depositing material. Thus, the deposit-
ing material is restrained from moving or spreading out. The
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organic depositing material O is highly fluid, and thus may
easily move or spread out on the substrate S. However,
according to one embodiment of the present invention, the
fluidity of the organic depositing material O is significantly
reduced due to the cooling effect from the cooling stage 220.
As aresult, the deposition layer containing the organic depos-
iting material O is restrained from getting flat. Thus, even if
there particles thicker than (for example, having a greater
height than an average thickness of) the deposition layer lying
on the substrate S, the deposition layer may easily cover the
particles.

[0063] To enhance the cooling effect, the cooling stage 220
may be in contact with the substrate S. In addition, the cooling
stage 220 may be provided with a cooling tunnel 221 on the
inside to maintain a cooling temperature of the cooling stage
220, through which a cooling material such as a refrigerant
222 circulates. Thus, the cooling stage 220 may keep the
surface temperature below 0° C. To further enhance the cool-
ing effect, the cooling stage may keep the surface temperature
of the cooling stage below -30° C.

[0064] The following is a brief description of an operation
and effects of the deposition apparatus 200 according to one
embodiment of the present invention. The deposition appara-
tus 200 is provided with the deposition source 210 to form the
deposition layer on the substrate S. The deposition source 210
sprays the depositing material, for example, an organic
depositing material O, toward the substrate S.

[0065] According to one embodiment of the present inven-
tion, the cooling stage 220 located under the substrate S cools
down the substrate S, and thereby lowers the temperature of
the depositing material that is sitting on the substrate. This
reduces the kinetic energy ofthe depositing material, and thus
restrains the fluidity of the depositing material. Accordingly,
the depositing material is restrained from moving or spread-
ing out on the substrate S. Therefore, even if there are rela-
tively large particles on the substrate S, the depositing mate-
rial may easily cover the particles. In other words, the
depositing material does not expose the tops of the particles
by moving and getting flat. Instead, the depositing material
continues to cover and coat the particles. At the end, the
deposition layer does not have a flat surface but rather a
curved surface along or corresponding to the shapes of the
particles. Thus, any malfunctions that may be caused by the
particles are avoided, and the display apparatus may function
as intended.

[0066] The hardening unit 230 quickly hardens the depos-
iting material that has landed on the substrate S, thereby
reducing the fluidity of the depositing material. The harden-
ing unit 230, like the cooling stage 220, restrains the depos-
iting material from moving, spreading out, and getting flat.
Thus, the depositing material covers the particles, preventing
exposure of the particles as much as possible.

[0067] In addition, the positions of the deposition source
210 and the hardening unit 230 may be fixed by using the
support member 250, thereby maintaining a consistency of
the quality of the deposition source 210 and the quality of the
hardening unit 230.

[0068] FIG. 4 is a cross-sectional view illustrating a depo-
sition apparatus 300 according to another embodiment of the
present invention. The deposition apparatus 300 includes a
deposition source 310, a cooling stage 320, and a hardening
unit 330.

[0069] The substrate S is located above the deposition
source 310. In other words, while one embodiment described
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with reference to FIG. 1 had the substrate S located under the
deposition source 110, thereby having the substrate closer to
the ground (that is, a source of gravity) than the deposition
source 110, the embodiment of FIG. 4 has the substrate S
located above the deposition source 310, thus having the
substrate farther from the ground than the deposition source
310.

[0070] The deposition source 310, the cooling stage 320,
and the hardening unit 330 are respectively similar to the
deposition source 110, the cooling stage 120, and the hard-
ening unit 130 of the deposition apparatus 100 of FIG. 1.
Therefore, detailed descriptions thereof will not be repeated.
In addition, as in the deposition apparatus 300 of the embodi-
ment of FIG. 4, the deposition apparatus 200 of FIGS. 2 and
3 may also reverse the positions of the substrate S and the
deposition source 210.

[0071] FIG. 5 is a cross-sectional view illustrating a depo-
sition apparatus 400 according to another embodiment of the
present invention. The deposition apparatus 400 includes a
deposition source 410, a cooling stage 420, and a hardening
unit 430.

[0072] The substrate S in FIG. 5 is perpendicular to the
ground. In other words, the surface of the substrate S to which
the deposition process is going to be performed is located
perpendicular to the ground. The deposition source 410 faces
the substrate S. Comparing FIG. 5 to FIG. 1, while the depo-
sition apparatus 100 of FIG. 1 has the substrate S under the
deposition source 110 and thereby has the substrate S parallel
to the ground, the deposition apparatus 400 of FIG. 5 has the
substrate S perpendicular to the ground.

[0073] The deposition source 410, the cooling stage 420,
and the hardening unit 430 are respectively similar to the
deposition source 110, the cooling stage 120, and the hard-
ening unit 130 of the deposition apparatus 100 of FIG. 1.
Therefore, detailed descriptions thereof will not be repeated.
In addition, the deposition apparatus 200 of FIGS. 2 and 3
may have the substrate S perpendicular to the ground and the
deposition source 210 may face the substrate S as in the
deposition apparatus 400 of FIG. 5.

[0074] FIG. 6 is a cross-sectional view illustrating an
example organic light emitting display apparatus 1000 that
has been manufactured by using a deposition apparatus
according to an embodiment of the present invention. FIG. 7
is an enlarged view of Region K of FIG. 6, and FIG. 8 is an
enlarged view of Region M of FIG. 7.

[0075] Referring to FIGS. 6 to 8, the organic light emitting
display apparatus 1000 includes a substrate 1101, a display
unit D, and an encapsulating layer 1700. The display unit D at
least includes an organic light emitting device 1120. The
organic light emitting device 1120 includes a first electrode
1121, a second electrode 1122, and an interlayer (or interme-
diate layer) 1123. Here, the encapsulating layer 1700 is cov-
ering the top and sides of the display unit D.

[0076] The following is a detailed description of each ele-
ment. The substrate 1101 may be formed of a glass material,
a metal, or a plastic material. Especially when the substrate
1101 is formed of a plastic material, it is possible to manu-
facture a flexible organic light emitting display apparatus
1000.

[0077] The first electrode 1121 is formed on the substrate
1101. The first electrode 1121 may include Indium Tin Oxide
(ITO), Indium Zinc Oxide (IZ0), Zinc Oxide (Zn0O), or
Indium Oxide (In,0O,), as well as similar such compounds or
combinations of these compounds. In addition, depending on
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apurpose and a design condition, the first electrode 1121 may
further include a reflective film that is formed of Silver (Ag),
Magnesium (Mg), Aluminum (Al), Platinum (Pt), Palladium
(Pd), Gold (Au), Nickel (Ni), Neodymium (Nd), Iridium (Ir),
Chromium (Cr), Lithium (Li), Ytterbium (Yb), or Ca (Cal-
cium), and as well as similar such metals or alloys of these
metals.

[0078] In some embodiments, there may be a buffer layer
between the substrate 1101 and the first electrode 1121. The
buffer layer prevents or helps prevent any impurities (such as
impure chemical elements) or other undesired substances
from leaking into the substrate 1101, and also provides a flat
surface on the substrate 1101. Various materials that may
provide those functions may be used to form the buffer layer.
For example, the buffer layer may include inorganic materials
such as silicon oxide, silicon nitride, silicon oxynitride, alu-
minum oxide, aluminum nitride, titanium oxide, or titaniwum
nitride, or organic materials such as polyimide, polyester, or
acrylic. The buffer layer may be formed of multiple layers of
these compounds.

[0079] The intermediate layer 1123 is formed on the first
electrode 1121. The intermediate layer 1123 includes an
organic light emitting layer for emitting visible light. The
intermediate layer 1123 may be formed as an organic layer of
a low molecule or a high molecule. In addition, the interme-
diate layer 1123 may selectively include one or more ofa hole
injection layer (HIL), a hole transport layer (HTL), an elec-
tron transport layer (ETL), and an electron injection layer
(EIL). The second electrode 1122 is formed on the interme-
diate layer 1123. The second electrode 1122 may be formed
of one or more metals such as Silver (Ag), Magnesium (Mg),
Aluminum (Al), Platinum (Pt), Palladium (Pd), Gold (Au),
Nickel (Ni), Neodymium (Nd), Iridium (Ir), Chromium (Cr),
Lithium (Li), or Ca (Calcium).

[0080] The encapsulating layer 1700 may be formed on the
second electrode 1122. The encapsulating layer 1700
includes an inorganic layer 1710 and an organic layer 1720.
According to some embodiments of the present invention, the
forming of the organic layer 1720 of the encapsulating layer
1700 is done using one of the deposition apparatuses 100,
200, 300, 400 from earlier embodiments described above.

[0081] The inorganic layer 1710 is formed on the second
electrode 1122. The inorganic layer 1710 may be formed of
various inorganic materials.

[0082] The organic layer 1720 is formed on the inorganic
layer 1710. Before or while the organic layer 1720 is formed,
one or more particles PT1 and PT2 may be located on the
inorganic layer 1710. There may be various types for the
particles PT1 and PT2 (such as general surface irregularities).
For example, the particles PT1 and PT2 may have come from
the external environment, may be inorganic materials left
after forming the inorganic layer 1710, may be materials left
after forming the organic light emitting device 1120, or may
be a combination of organic materials, inorganic materials, or
organic/inorganic complex materials.

[0083] The organic layer 1720 is formed on the inorganic
layer 1710. Here, the particle PT1 has a height H1 that is
smaller than the thickness T (such as the average thickness) of
the organic layer 1720, and thereby the particle PT1 is cov-
ered by the organic layer 1720. In other words, the particle
PT1 is not exposed to the outside and does not cause any
malfunction to the organic light emitting display apparatus
1000.
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[0084] However, the particle PT2 has a height H2 that is
taller than the thickness T of the organic layer 1720. In this
case, if the organic layer 1720 is formed by using a conven-
tional deposition apparatus, the depositing material (the
organic layer 1720) moves, spreads out, and forms a flat-
surfaced layer on the substrate 1101, resulting in the particle
PT2 being partly exposed and uncovered. In order to prevent
this exposure as a result of using the conventional deposition
apparatus, the thickness T of the organic layer 1720 has to be
made greater than the height H2 of the particle PT2, which
requires a longer time for the deposition process. In addition,
the organic layer 1720 may have an unwanted thickness as a
result.

[0085] However, if the organic layer 1720 is formed by
using one of the deposition apparatuses 100, 200, 300, and
400, when the deposition material (the organic layer 1720) is
sprayed toward and lands on the inorganic layer 1710, the
corresponding cooling stage 120, 220, 320, or 420 lowers the
temperature of the depositing material and reduces fluidity of
the depositing material. In other words, the corresponding
cooling stage 120, 220, 320, or 420 restrains the depositing
material from easily moving and spreading out. As a result,
the depositing material lands on the particle PT2, but does not
run down from the particle. The depositing material is hard-
ened while staying on the particle PT2, and covers the particle
PT2 as part of the organic layer 1720. At the end, the organic
layer 1720 has a curved surface along the shape of the particle
PT2, rather than a flat surface with a portion of the particle
PT2 exposed. Thus, the particle PT2 is not exposed to the
outside, thereby preventing any malfunctions of the organic
light emitting display apparatus 1000 that may be caused due
to the particle PT2.

[0086] FIG. 9is a cross-sectional view illustrating another
example organic light emitting display apparatus 2000 that
has been manufactured by using a deposition apparatus
according to an embodiment of the present invention. The
organic light emitting display apparatus 2000 includes a sub-
strate 2101, a organic light emitting device 2120, and an
encapsulating layer 2700, in which the organic light emitting
device 2120 includes a first electrode 2121, a second elec-
trode 2122, and an intermediate layer 2123. For convenience,
the following will mainly describe what is different from the
previous embodiments.

[0087] The first electrode 2121 is formed on the substrate
2101. A pixel defining layer 2119 that uses an insulating layer
is formed on the first electrode 2121. Here, the pixel defining
layer 2119 has an open space for exposing the upper area of
the first electrode 2121.

[0088] The intermediate layer 2123 is formed on the
exposed area of the first electrode 2121. The intermediate
layer 2123 includes an organic light emitting layer for emit-
ting visible light. The second electrode 2122 is formed on the
intermediate layer 2123.

[0089] The encapsulating layer 2700 is formed on the sec-
ond electrode 2122. The encapsulating layer 2700 includes an
inorganic layer and an organic layer. Atleast the organic layer
of the encapsulating layer 2700 is formed by using one of the
deposition apparatuses 100,200,300, and 400 of the previous
embodiments of the present invention. Since the encapsulat-
ing layer 2700 has a similar composition to the compositions
of the encapsulating layers in FIGS. 6 to 8, detailed descrip-
tions thereof will not be repeated.

[0090] FIG. 10 is across-sectional view illustrating another
example organic light emitting display apparatus 3000 that
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has been manufactured by using a deposition apparatus
according to an embodiment of the present invention. The
organic light emitting display apparatus 3000 includes a sub-
strate 3101, an organic light emitting device 3120, a thin film
transistor (TFT), and an encapsulating layer 3700.

[0091] The organic light emitting device 3120 includes a
first electrode 3121, a second electrode 3122, and an inter-
mediate layer 3123. The TFT mainly includes an active layer
3103, a gate electrode 3105, a source electrode 3107, and a
drain electrode 3108.

[0092] A buffer layer 3102 is formed of an insulating mate-
rial to prevent any moisture or particles from leaking into the
substrate 3101. The buffer layer 3102 is formed on the sub-
strate 3101 to provide a flat surface.

[0093] The active layer 3103 is formed with a set pattern
(such as a predetermined pattern) on the buffer layer 3102.
The active layer 3103 may include an inorganic semiconduc-
tor material such as silicon, an organic semiconductor mate-
rial, or an oxide semiconductor material. The active layer
3103 may be formed of a p-type or n-type dopant that is
selectively inserted into the active layer 3103.

[0094] The gate insulating layer 3104 is formed on the
active layer 3103. The gate electrode 3105 is formed on top of
the gate insulating layer 3104 to correspond to a portion of the
active layer 3103.

[0095] Theinsulating interlayer 3106 is formed to cover the
gate electrode 3105. The source electrode 3107 and the drain
electrode 3108 are formed on the insulating interlayer 3106
and in contact with set areas (such as predetermined areas) of
the active layer 3103.

[0096] A passivation layer 3118 is formed to cover the
source electrode 3107 and the drain electrode 3108. Another
insulating layer may be additionally formed on the passiva-
tion layer 3118 to provide a flat surface above the TFT.
[0097] The first electrode 3121 is formed on the passivation
layer 3118. The first electrode 3121 is electrically connected
to either the source electrode 3107 or the drain electrode 3108
(as shown).

[0098] The pixel defining layer 3119 is formed on the first
electrode 3121. The pixel defining layer 3119 is not to cover
at least a portion of the top of the first electrode 3121. The
intermediate layer 3123 that includes the organic light emit-
ting layer is formed on the first electrode 3121. The second
electrode 3122 is formed on the intermediate layer 3123.
[0099] The encapsulating layer 3700 is formed on the sec-
ondelectrode 3122. The encapsulating layer 3700 includes an
inorganic layer or an organic layer. At least the organic layer
of the encapsulating layer 3700 is formed through one of the
deposition apparatuses 100, 200, 300, or 400 of the previous
embodiments of the present invention. The encapsulating
layer 3700 has a composition that is similar to the composi-
tions of the encapsulating layer 1700 FIGS. 6 to 8 and the
encapsulating layer 2700 of FIG. 9. Therefore, a detailed
description thereof will not be repeated.

[0100] One or more inorganic layers or organic layers may
be additionally provided on the encapsulating layers 1700,
2700, and 3700.

[0101] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims and
their equivalents. Therefore, the scope of protection of the
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present invention is to be decided based upon the appended
claims and equivalents thereof.

What is claimed is:

1. A deposition apparatus configured to form a deposition
layer on a substrate, the deposition apparatus comprising:

a deposition source configured to face a first side of the
substrate and to spray one or more depositing materials
toward the substrate;

a cooling stage configured to support a second side of the
substrate that is opposite from the first side of the sub-
strate; and

a hardening unit configured to harden the one or more
depositing materials sprayed from the deposition source
and that have reached the substrate.

2. The apparatus of claim 1, wherein the cooling stage is
configured to contact the substrate.

3. The apparatus of claim 1, wherein the cooling stage is at
least as large as the substrate.

4. The apparatus of claim 1, wherein the cooling stage
comprises a cooling tunnel configured to circulate a cooling
material.

5. The apparatus of claim 1, wherein the deposition source
comprises one or more nozzles to spray the one or more
depositing materials.

6. The apparatus of claim 1, wherein the deposition source
is in a form of a showerhead.

7. The apparatus of claim 1, wherein the hardening unit is
farther from the substrate than the deposition source.

8. The apparatus of claim 1, wherein the hardening unit is
configured to radiate ultraviolet light toward the substrate.

9. The apparatus of claim 1, further comprising a support
member that supports the deposition source and the harden-
ing unit.

10. The apparatus of claim 9, wherein the support member
surrounds sides of the deposition source.

11. The apparatus of claim 1, wherein the hardening unit
comprises multiple hardening members having a length in a
first direction at least that of the substrate in the first direction.

12. A method of forming a thin film deposition layer on a
substrate by using a deposition apparatus, the method com-
prising spraying one or more depositing materials toward the
substrate by using a deposition source of the deposition appa-
ratus while the substrate is on a cooling stage of the deposition
apparatus.

13. The method of claim 12, wherein the one or more
depositing materials comprise an organic material.

14. The method of claim 12, further comprising hardening
the one or more depositing materials by using a hardening
unit of the deposition apparatus after the sprayed one or more
depositing materials have reached the substrate.

15. A method of manufacturing an organic light emitting
display apparatus, the method comprising:

forming, on a substrate, an organic light emitting device
that comprises a first electrode, a second electrode, and
an intermediate layer that comprises an organic light
emitting layer; and

forming, on the organic light emitting device, an encapsu-
lating layer that comprises an inorganic layer and an
organic layer, the forming of the encapsulating layer
comprising:
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forming the inorganic layer; and

forming the organic layer to cover one or more particles
on the inorganic layer and to have a curved surface
corresponding to a shape of each of the one or more
particles.

16. The method of claim 15, wherein the forming of the
organic layer comprises spraying a depositing material com-
prising an organic material toward the substrate by using a
deposition source while the substrate is on a cooling stage.

17. The method of claim 16, wherein the forming of the
organic layer further comprises hardening the depositing
material by using a hardening unit after the sprayed deposit-
ing material has reached the substrate.

18. An organic light emitting display apparatus, compris-
ing:
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a substrate;

an organic light emitting device on the substrate and com-
prising a first electrode, a second electrode, and an inter-
mediate layer comprising an organic light emitting
layer;

an encapsulating layer on the organic light emitting device

and comprising at least an inorganic layer and an organic
layer on the inorganic layer; and

one or more particles between the inorganic layer and the

organic layer,

wherein the organic layer has curved surfaces correspond-

ing to shapes of the one or more particles.

19. The apparatus of claim 18, wherein a thickness of the
organic layer is smaller than a height of the one or more
particles.

20. The apparatus of claim 18, further comprising one or
more inorganic layers or organic layers on the encapsulating
layer.
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