US 20160006001A1

12 Patent Application Publication o) Pub. No.: US 2016/0006001 A1

a9y United States

Lee et al.

(43) Pub, Date: Jan, 7, 2016

(54) THIN FILM DEPOSITION APPARATUS AND
METHOD OF MANUFACTURING ORGANIC
LIGHT-EMITTING DISPLAY APPARATUS BY
USING THE SAME

(71) Applicant: Samsung Display Co., Ltd.,
Yongin-City (KR)

(72) Inventors: Suhwan Lee, Yongin-City (KR); Eunho
Kim, Yongin-City (KR); Muhyun Kim,
Yongin-City (KR)

(21) Appl. No.: 14/584,190

(22) Filed: Dec. 29, 2014
(30) Foreign Application Priority Data
Jul.7,2014  (KR) .o 10-2014-0084622

Publication Classification

(51) Int.CL
HOIL 51/56 (2006.01)
C23C 16/04 (2006.01)
C23C 16/54 (2006.01)
HOIL 27/32 (2006.01)
(52) US.CL
CPC ........ HOIL 51/56 (2013.01); HOIL 27/3211
(2013.01); C23C 16/042 (2013.01); C23C
16/545 (2013.01)
(57) ABSTRACT

Disclosed is a thin film deposition apparatus and a method of
manufacturing an organic light-emitting display apparatus by
using the thin film deposition apparatus. The thin film depo-
sition apparatus and the method of manufacturing the organic
light-emitting display apparatus using the thin film deposition
apparatus reduce manufacturing time and cost.
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THIN FILM DEPOSITION APPARATUS AND
METHOD OF MANUFACTURING ORGANIC
LIGHT-EMITTING DISPLAY APPARATUS BY
USING THE SAME

RELATED APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0084622, filed on Jul. 7, 2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

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

[0004] 2. Description of the Related Art

[0005] Organic light-emitting display devices have wider
viewing angles, better contrast characteristics, and faster
response speeds than other display devices, and thus have
drawn attention as next-generation display devices.

[0006] An organic light-emitting display device includes
intermediate layers (including an emission layer) disposed
between a first electrode and a second electrode. The elec-
trodes and the intermediate layers may be formed using vari-
ous methods, one of which is an independent deposition
method. When an organic light-emitting display device is
manufactured by using the deposition method, a fine metal
mask (FMM) having the same pattern as that of an organic
layer to be formed is disposed to closely contact a substrate on
which the organic layer and the like are formed, and an
organic layer material is deposited on the FMM to form the
organic layer having the desired pattern.

[0007] However, the deposition method using such an
FMM presents difficulties in manufacturing larger organic
light-emitting display devices using a large mother glass. For
example, when a large mask is used, the mask may bend due
to the weight thereof, thereby distorting a pattern. Such dis-
advantages are not conducive to the recent trend towards a
high-definition pattern.

[0008] Moreover, processes of aligning a substrate and an
FMM to closely contact each other, performing deposition
thereon, and separating the FMM from the substrate are time-
consuming, resulting in a long manufacturing time and low
production efficiency.

[0009] Information disclosed in this Background section is
known to the inventors of the present invention before achiev-
ing the present invention or is technical information acquired
in the process of achieving the present invention. As such, the
foregoing discussions are to provide general background
information and do not constitute an admission of the prior
art.

SUMMARY

[0010] One aspect of the invention provides a thin film
deposition apparatus for forming a thin film on a substrate, the
thin film deposition apparatus comprising: a deposition
source configured to contain a deposition material; a deposi-
tion source nozzle unit disposed at one side of the deposition
source and comprising a plurality of deposition source
nozzles; and a mask disposed to face the deposition source,
and comprising a plurality of patterning slits through which
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the deposition material passes to be deposited onto a substrate
to form a plurality of sub-pixels, wherein the plurality of
patterning slits comprise a first patterning slit through which
the deposition material passes for forming a first one of the
plurality of sub-pixels, a second patterning slit through which
the deposition material passes for forming a second one of the
plurality of sub-pixels, and a third patterning slit through
which the deposition material passes for forming a third one
of the plurality of sub-pixels, and wherein the first patterning
slit has a first length extending along the moving direction,
and the second patterning slit has a second length extending
along the moving direction and substantially different from
the first length.

[0011] In the foregoing apparatus, the mask may comprise
a first sheet comprising a plurality of uniform slits having a
substantially same length and a second sheet comprising a
hole having a contour, the second sheet overlapping the first
sheet and configured to block a portion of each of the uniform
slits such that the first sheet and the second sheet collectively
form the first, second and third patterning slits. The second
sheet may comprise a first shielding unit configured to shield
at least a part of a first one of the uniform slits, a second
shielding unit configured to shield at least a part of a second
one of the uniform slits, and a third shielding unit configured
to shield at least a part of a third one of the uniform slits.
[0012] Still in the foregoing apparatus, the mask may com-
prise a single sheet comprising the first patterning slit, the
second patterning slit, and the third patterning slit. The first
sub-pixel may comprise an intermediate layer comprising an
organic emission layer configured to emit red light, the sec-
ond sub-pixel comprises an intermediate layer comprising an
organic emission layer configured to emit green light, and the
third sub-pixel comprises an intermediate layer comprising
an organic emission layer configured to emit blue light. The
first length may be greater than the second length. The third
patterning slit has a third length extending along the moving
direction, wherein the second length may be greater than the
third length.

[0013] Yet in the foregoing apparatus, the plurality of pat-
terning slits may comprise an additional first patterning slit
spaced apart from the first patterning slit, wherein the first
patterning slit is located closer to a center of the mask than the
additional, first patterning slit which is longer than the first
patterning slit. The plurality of patterning slits may comprise
an additional second patterning slit spaced apart from the
second patterning slit, wherein the second patterning slit is
located closer to a center of the mask than the additional
second patterning slit which is longer than the second pat-
terning slit. The plurality of patterning slits may comptrise an
additional third patterning slit spaced apart from the third
patterning slit, wherein the third patterning slit may be
located closer to a center of the mask than the additional third
patterning slit which is longer than the third patterning slit.
[0014] Further in the foregoing apparatus, at least one end
of each of the first patterning slit, the second patterning slit,
and the third patterning slit may be formed in a circular arc or
cosine curve shape. An amount of the deposition material to
be deposited on the substrate may be controlled according to
the length of each of the first through third patterning slits.
One of the thin film deposition apparatus or the substrate
moves relative to the other.

[0015] Another aspect of the invention provides a method
of manufacturing an organic light-emitting display device,
the method comprising: providing a thin film deposition
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apparatus; positioning a substrate such that the substrate is
spaced apart from the thin film deposition apparatus; and
depositing a deposition material onto the substrate by dis-
charging the deposition material from the thin film deposition
apparatus onto the substrate while moving one of the thin film
deposition apparatus or the substrate relative to the other
along a moving direction, wherein the depositing of the depo-
sition material discharged from the thin film deposition appa-
ratus onto the substrate comprises: depositing the deposition
material through a plurality of patterning slits onto the sub-
strate to form a plurality of sub-pixels, each of which corre-
sponds to one of the plurality of patterning slits, wherein the
plurality of patterning slits comprise a first patterning slit
through which the deposition material passes for forming a
first one of the plurality of sub-pixels, a second patterning slit
through which the deposition material passes for forming a
second one of the plurality of sub-pixels, and a third pattern-
ing slit through which the deposition material passes for
forming a third one of the plurality of sub-pixels, and wherein
the first patterning slit has a first length extending along the
moving direction, and the second patterning slit has a second
length extending along the moving direction and substan-
tially different from the first length.

[0016] In the foregoing method, the first sub-pixel may
comprise an intermediate layer comprising an organic emis-
sion layer that is configured to emit red light, the second
sub-pixel comprises an intermediate layer comprising an
organic emission layer that is configured to emit green light,
and the third sub-pixel comprises an intermediate layer com-
prising an organic emission layer that is configured to emit
blue light. The third patterning slit has a third length extend-
ing along the moving direction, wherein the first length may
be greater than the second length which is greater than the
third length. The plurality of patterning slits may comprise an
additional first patterning slit for forming another first sub-
pixel, an additional second patterning slit for forming another
second subpixel, and an additional third patterning slit for
forming another third sub-pixel, wherein the first, second and
third patterning slits are located closer to a center of a pat-
terning slit sheet comprising the plurality of patterning slits
than the additional first, second and third patterning slits,
respectively, and the first, second and third patterning slits are
shorter than the additional first, second and third patterning
slits, respectively. An amount of the deposition material
deposited on the substrate is controlled according to the
length of each of the first through third patterning slits.
[0017] One or more embodiments of the present invention
include a thin film deposition apparatus and a method of
manufacturing an organic light-emitting display apparatus by
using the thin film deposition apparatus.

[0018] 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.

[0019] According to one or more embodiments of the
present invention, a thin film deposition apparatus for form-
ing a thin film on a substrate includes: a deposition source for
discharging deposition materials; a deposition source nozzle
unit disposed at one side of the deposition source and includ-
ing a plurality of deposition source nozzles; and a patterning
slit sheet disposed to face the deposition source, and includ-
ing a plurality of patterning slits through which the deposition
materials to be deposited onto a plurality of sub-pixels that
form a pixel pass, wherein the plurality of patterning slits
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include a first patterning slit through which deposition mate-
rials that form a first sub-pixel pass, a second patterning slit
through which deposition materials that form a second sub-
pixel pass, and a third patterning slit through which deposi-
tion materials that form a third sub-pixel pass, and wherein at
least two of a length of a passage area of the first patterning slit
through which the deposition materials that form the first
sub-pixel pass, a length of a passage area of the second pat-
terning slit through which the deposition materials that form
the second sub-pixel pass, and a length of a passage area of the
third patterning slit through which the deposition materials
that form the third sub-pixel pass are differently formed.

[0020] At least two of a length of the first patterning slit, a
length of the second patterning slit, and a length of the third
patterning slit may be differently formed such that the at least
two of the length of the passage area of the first patterning slit
through which the deposition materials that form the first
sub-pixel pass, the length of the passage area of the second
patterning slit through which the deposition materials that
form the second sub-pixel pass, and the length of the passage
area of the third patterning slit through which the deposition
materials that form the third sub-pixel pass are differently
formed.

[0021] The thin film deposition apparatus may further
include: a correction plate disposed between the deposition
source nozzle unit and the patterning slit sheet and for block-
ing at least a part of the deposition materials discharged from
the deposition source, wherein the correction plate shields at
least a part of the plurality of patterning slits such that the at
least two of the length of the passage area of the first pattern-
ing slit through which the deposition materials that form the
first sub-pixel pass, the length of the passage area of the
second patterning slit through which the deposition materials
that form the second sub-pixel pass, and the length of the
passage area of the third patterning slit through which the
deposition materials that form the third sub-pixel pass are
differently formed.

[0022] The first sub-pixel may include an intermediate
layer including an organic emission layer that emits red light,
the second sub-pixel includes an intermediate layer including
an organic emission layer that emits green light, and the third
sub-pixel includes an intermediate layer including an organic
emission layer that emits blue light.

[0023] The length of the passage area of the first patterning
slit through which the deposition materials that form the first
sub-pixel pass may be greater than the length of the passage
area of the second patterning slit through which the deposi-
tion materials that form the second sub-pixel pass.

[0024] Thelength ofthe passage area of the second pattern-
ing slit through which the deposition materials that form the
second sub-pixel pass may be greater than the length of the
passage area of the third patterning slit through which the
deposition materials that form the third sub-pixel pass.

[0025] The at least one first patterning slit may be a plural-
ity of first patterning slits which are spaced apart from each
other, wherein each of the plurality of first patterning slits is
spaced further apart from a center of the patterning slit sheet
as length of a passage area increases.

[0026] The second patterning slit may include a plurality of
second patterning slits which are spaced apart from each
other, wherein the greater the lengths of passage areas of the
plurality of second patterning slits, the farther away from a
center the patterning slit sheet.
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[0027] The third patterning slit may include a plurality of
third patterning slits which are spaced apart from each other,
wherein the greater the lengths of passage areas of the plu-
rality of third patterning slits, the farther away from a center
the patterning slit sheet.

[0028] Atleast oneofone end of the passage area of the first
patterning slit, one end of the passage area of the second
patterning slit, and one end of the passage area of the third
patterning slit may be formed in a circular arc or cosine curve
shape.

[0029] Anamount of the deposition materials deposited on
the substrate may be controlled according to the length of the
passage area of each of the first through third patterning slits.
[0030] The correction plate may include a plurality of first
patterning slit shielding units that shield at least a part of the
first patterning slit, and are spaced apart from each other,
wherein each of the plurality of first patterning slit shielding
units is spaced further apart from a center of the patterning slit
sheet as length of a passage area is increased.

[0031] The correction plate may include a plurality of sec-
ond patterning slit shielding units that shield at least a part of
the second patterning slit, and are spaced apart from each
other, wherein the greater the lengths of passage areas of the
plurality of second patterning slit'shielding units, the farther
away from a center the patterning slit sheet.

[0032] The correction plate may include a plurality of third
patterning slit shielding units that shield at least a part of the
third patterning slit, and are spaced apart from each other,
wherein the greater the lengths of passage areas of the plu-
rality of third patterning slit shielding units, the farther away
from a center the patterning slit sheet.

[0033] One of the thin film deposition apparatus or the
substrate may move relative to the other.

[0034] According to one or more embodiments of the
present invention, a method of manufacturing an organic
light-emitting display device by using a thin film deposition
apparatus for forming a thin film on a substrate includes:
positioning the substrate such that the substrate is spaced
apart from the thin film deposition apparatus; and depositing
deposition materials onto the substrate by discharging the
deposition materials from the thin film deposition apparatus
onto the substrate while moving one of the thin film deposi-
tion apparatus or the substrate relative to the other, wherein
the depositing of the deposition materials discharged from the
thin film deposition apparatus onto the substrate includes:
depositing the deposition materials, through a plurality of
patterning slits, onto a plurality of sub-pixels that form a
pixel, wherein the plurality of patterning slits include a first
patterning slit through which deposition materials that form a
first sub-pixel pass, a second patterning slit through which
deposition materials that form a second sub-pixel pass, and a
third patterning slit through which deposition materials that
form a third sub-pixel pass, and wherein at least two of a
length of a passage area of the first patterning slit through
which the deposition materials form the first sub-pixel pass, a
length of a passage area of the second patterning slit through
which the deposition materials that form the second sub-pixel
pass, and a length of a passage area of the third patterning slit
through which the deposition materials that form the third
sub-pixel pass are differently formed.

[0035] The first sub-pixel may include an intermediate
layer including an organic emission layer that emits red light,
the second sub-pixel includes an intermediate layer including
an organic emission layer that emits green light, and the third
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sub-pixel includes an intermediate layer including an organic
emission layer that emits blue light.

[0036] The length of the passage area of the first patterning
slit through which the deposition materials form the first
sub-pixel pass may be greater than the length of the passage
area of the second patterning slit through which the deposi-
tion materials that form the first sub-pixel pass, or the length
ofthe passage area of the second patterning slit through which
the deposition materials form the second sub-pixel pass is
greater than the length of the passage area of the third pat-
terning slit through which the deposition materials that form
the third sub-pixel pass.

[0037] The at least one first patterning slit may be a plural-
ity of first patterning slits, the at least one second patterning
slit may be a plurality of second patterning slits, and the at
least one third patterning slit may be a plurality of third
patterning slits, wherein at least one of lengths of passage
areas of the plurality of first patterning slits, lengths of pas-
sage areas of the plurality of second patterning slits, and
lengths of passage areas of the plurality of third patterning
slits increases from a center of the patterning slit sheet to the
outside.

[0038] Anamount of the deposition materials deposited on
the substrate may be controlled according to the length of the
passage area of each of the first through third patterning slits.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] 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:

[0040] FIG. 11is a cross-sectional view of a sub-pixel of an
organic light-emitting display apparatus according to an
embodiment of the present invention;

[0041] FIG. 2 is a cross-sectional view for comparing rela-
tive thicknesses of pixels of an organic light-emitting display
apparatus of FIG. 1;

[0042] FIG. 3is a perspective view of a thin film deposition
apparatus according to an embodiment of the present inven-
tion;
[0043]
3
[0044] FIG. 5is a perspective view of a thin film deposition
apparatus according to another embodiment of the present
invention; and

FIG. 4isaplan view of a patterning slit sheet of FIG.

[0045] FIG. 61s a plan view of a correction plate of FIG. 5.
DETAILED DESCRIPTION
[0046] Reference will now be made in detail to embodi-

ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding alist of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0047] Itwill be understood that although the terms “first”,
“second”, etc. may be used herein to describe various com-
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ponents, these components should not be limited by these
terms. These components are only used to distinguish one
component from another.

[0048] As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

[0049] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specify the presence
of stated features or components, but do not preclude the
presence or addition of one or more other features or compo-
nents.

[0050] It will be understood that when a layer, region, or
component is referred to as being “formed on,” another layer,
region, or component, it can be directly or indirectly formed
on the other layer, region, or component. That is, for example,
intervening layers, regions, or components may be present.

[0051] Sizes of elements in the drawings may be exagger-
ated for convenience of explanation. In other words, since
sizes and thicknesses of components in the drawings are
arbitrarily illustrated for convenience of explanation, the fol-
lowing embodiments are not limited thereto.

[0052] Inthe following examples, the x-axis, the y-axis and
the z-axis are not limited to three axes of the rectangular
coordinate system, and may be interpreted in a broader sense.
For example, the x-axis, the y-axis, and the z-axis may be
perpendicular to one another, or may represent different
directions that are not perpendicular to one another.

[0053] When a certain embodiment may be implemented
differently, a specific process order may be performed differ-
ently from the described order. For example, two consecu-
tively described processes may be performed substantially at
the same time or performed in an order opposite to the
described order.

[0054] FIG.11s a cross-sectional view of a sub-pixel of an
organic light-emitting display apparatus 100 according to an
embodiment of the present invention. FIG. 2 is a cross-sec-
tional view for comparing relative thicknesses of pixels of an
organic light-emitting display apparatus 100 of FIG. 1.

[0055] Referring to FIGS. 1 and 2, the organic light-emit-
ting display apparatus 100 may include a first substrate 110
and an emission unit. The organic light-emitting display
apparatus 100 may include a thin film encapsulation layer E
formed on the emission unit or a second substrate. In this
regard, the second substrate is the same as or similar to that
used in a general organic light-emitting display apparatus,
and thus a detailed description thereof is omitted. For conve-
nience of description, the thin film encapsulation layer E of
the organic light-emitting display apparatus 100 will be
described in more detail below.

[0056] The emission unit may be formed on the first sub-
strate 110. In this regard, the emission unit may include a thin
film transistor TFT. A passivation layer 170 covering the
emission unit and the thin film transistor TFT may be formed.
An organic light-emitting device (OLED) 180 may be formed
on the passivation layer 170.

[0057] Inthis regard, the first substrate 110 may use a glass
material but is not limited thereto. The first substrate 110 may
use a plastic material and a metal material such as stainless
steel and T1. The first substrate 10 may use polyimide (PI). For
convenience of description, a case where the first substrate
110 uses the glass material will be described in more detail
below.
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[0058] A buffer layer 120 formed of an organic compound
and/or an inorganic compound is further formed on the first
substrate 110, and may be formed of SiOx (x=1) and SiNx
(x=1).

[0059] An active layer 130 in a predetermined pattern is
formed on the buffer layer 120 and then is buried by a gate
insulating layer 140. The active layer 130 includes a source
area 131 and a drain area 133 and further a channel area 132
therebetween.

[0060] The active layer 130 may be formed to contain vari-
ous materials. For example, the active layer 130 may contain
an inorganic semiconductor material such as amorphous sili-
con or crystalline silicon. As another example, the active layer
130 may contain an oxide semiconductor. As another
example, the active layer 130 may contain an organic semi-
conductor material. However, for convenience of description,
a case where the active layer 130 is formed of the amorphous
silicon will be described in more detail below.

[0061] The active layer 130 may be formed by forming an
amorphous silicon layer on the buffer layer 120, crystallizing
the amorphous silicon layer, forming a polycrystalline silicon
layer, and patterning the polycrystalline silicon layer. The
source area 131 and the drain area 133 of the active layer 130
may be doped with impurities according to a type of the thin
film transistor TFT such as a driving thin film transistor TFT,
a switching thin film transistor TFT, etc.

[0062] A gate electrode 150 corresponding to the active
layer 130 and an interlayer insulating layer 160 burying the
gate electrode 150 are formed on the gate insulating layer
140.

[0063] The interlayer insulating layer 160 and the gate
insulating layer 140 are formed in a contact hole H1, and then
a source electrode 171 and a drain electrode 172 are formed
on the interlayer insulating layer 160 such that the source
electrode 171 and the drain electrode 172 may respectively
contact the source area 131 and the drain area 133.

[0064] The passivation layer 170 is formed on the thin film
transistor TFT formed above. A pixel electrode 181 of the
OLED 180 is formed on the passivation layer 170. The pixel
electrode 181 contacts the drain electrode 172 of the thin film
transistor TFT by a via hole H2 formed in the passivation
layer 170. The passivation layer 170 may be formed of an
inorganic material and/or an organic material and may have a
single layer or two or more layer structure. The passivation
layer 170 may be formed as a planarization layer to make an
upper surface thereof planar irrespective of a curve of a layer
of a lower portion, whereas the passivation layer 170 may be
formed to be curved along the curve of the layer of the lower
portion. The passivation layer 170 may be formed as a trans-
parent insulator so as to achieve a resonance effect.

[0065] After the pixel electrode 181 is formed on the pas-
sivation layer 170, a pixel defining layer 190 is formed of an
organic material and/or an inorganic material so as to cover
the pixel electrode 181 and the passivation layer 170, and is
open such that the pixel electrode 181 is exposed.

[0066] An intermediate layer 182 and a facing electrode
183 are formed on at least the pixel electrode 181.

[0067] The pixel electrode 181 functions as an anode and
the facing electrode 183 functions as a cathode. The polarities
of the pixel electrode 181 and the facing electrode 183 may
also be switched.

[0068] Thepixel electrode 181 and the facing electrode 183
are insulated from each other by the intermediate layer 182.
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An organic emission layer 1824 emits light by applying volt-
ages having different polarities to the intermediate layer 182.

[0069] The intermediate layer 182 includes the organic
emission layer 182d. In another example, the intermediate
layer 182 includes the organic emission layer 1824 and may
further include at least one of a hole injection layer (HIL)
1824, a hole transport layer (HTL) 1825, an electron transport
layer (ETL) 182e, and an electron injection layer (EIL) 182f.
However, the present embodiment is not limited thereto, and
the intermediate layer 182 includes the organic emission layer
1824 and may further include other various functional layers
182¢. In this regard, the functional layers 182¢ may be formed
in various ways. For example, the functional layers 182¢ may
include an emission supplemental layer that supplements
emission. The functional layers 182¢ may include an auxil-
iary layer that may increase emission efficiency, color purity,
etc. In this regard. the auxiliary layer may be formed of the
same material as that of the HTL 1824.

[0070] Inthe meantime, a unit pixel P includes a plurality of
sub-pixels R, G, and B that may emit lights of various colors.
For example, the sub-pixels R, G, and B may emit lights of
red, green, and blue colors, respectively. In embodiments, the
sub-pixels may emit lights of red, green, blue, and white
colors.

[0071] The sub-pixels R, G, and B may include the inter-
mediate layer 182 including organic emission layers that emit
lights of various colors. For example, each of the sub-pixels
R, G, and B includes the intermediate layer 182 including the
organic emission layers that emit lights of red, green, and blue
colors. However, for convenience of description, the first
sub-pixel R that emits red light, the second sub-pixel G that
emits green light, and the third sub-pixel B that emits blue
light will be described in detail below. For convenience of
description, a case where the first sub-pixel R includes a first
intermediate layer including a first organic emission layer
1824-R that emits the red light, the second sub-pixel G
includes a second intermediate layer including a second
organic emission layer 1824-G that emits the green light, and
the third sub-pixel B includes a third intermediate layer
including a third organic emission layer 1824-B that emits the
blue light will be described in detail below.

[0072] Thefirstintermediate layer, the second intermediate
layer, and the third intermediate layer may be formed to have
different thicknesses. For example, at least two of the first
intermediate layer, the second intermediate layer, and the
third intermediate layer may have different thicknesses. In
particular, a thickness of the first intermediate layer may be
greater than that of the second intermediate layer. A thickness
of the second intermediate layer may be greater than that of
the third intermediate layer. In this regard. such different
thicknesses may correct an optical thickness of each sub-
pixel.

[0073] A method of correcting the optical thickness may be
performed in various ways. For example, thicknesses of lay-
ers that are commonly shared by the first through third inter-
mediate layers may be differently formed or the functional
layers 182¢ may be formed in lower sides of the first through
third organic emission layers 182d-R, 182d-G, and 1824d-B.
However, for convenience of description, a case where thick-
nesses of the functional layers 182¢ that are commonly shared
by the first through third intermediate layers may be differ-
ently formed will be described in detail below.
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[0074] 1Inthe meantime, the thin film encapsulation layer E
may include a plurality of inorganic layers or an inorganic
layer and an organic layer.

[0075] The organic layer of the thin film encapsulation
layer E may be formed of polymer, and may be a single layer
or alayer stack formed of any one of polyethylene terephtha-
late, polyimide, polycarbonate, epoxy, polyethylene, and
polyacrylate. The organic layer may be formed of polyacry-
late, and in detail, may include a polymerized monomer com-
positionincluding diacrylate-based monomer and triacrylate-
based monomer. The monomer composition may further
include monoacrylate-based monomer. Also, the monomer
composition may further include a well-known photoinitiator
such as trimethyl benzoyl dipheny] phosphine oxide (TPO),
but embodiments of the present invention are not limited
thereto.

[0076] The inorganic layer of the thin film encapsulation
layer E may be a single layer or a layer stack including a metal
oxide or a metal nitride. In detail, the inorganic layer may
include any one of SiNx, Al,O;, Si0,, and TiO,. The top layer
of the thin film encapsulation layer E that is exposed to the
outside may be formed of an inorganic layer in order to
prevent intrusion of moisture into the organic light-emitting
device. The thin film encapsulation layer E may include at
least one sandwich structure in which at least one organic
layer is inserted between at least two inorganic layers. In
another example, the thin film encapsulation layer E may
include at least one sandwich structure in which at least one
inorganic layer is inserted between at least two organic layers.
In another example, the thin film encapsulation layer E may
include a sandwich structure in which at least one organic
layer is inserted between at least two inorganic layers and a
sandwich structure in which at least one inorganic layer is
inserted between at least two organic layers.

[0077] The thin film encapsulation layer E may include a
first inorganic layer, a first organic layer, and a second inor-
ganic layer sequentially formed from the top portion of the
OLED 180. In another example, the thin film encapsulation
layer E may include a first inorganic layer, a first organic
layer, a second inorganic layer, a second organic layer, and a
third inorganic layer sequentially formed from the top portion
of the OLED 180. In another example, the thin film encapsu-
lation layer E may include a first inorganic layer, a first
organic layer, a second inorganic layer, a second organic
layer, a third inorganic layer, a third organic layer, and a fourth
inorganic layer sequentially formed from the top portion of
the OLED 180. A halogenized metal layer including lithium
fluoride (LiF) may be additionally included between the
OLED 180 and the first inorganic layer. The halogenized
metal layer may prevent the OLED 180 from being damaged
when the first inorganic layer is formed in a sputtering method
or a plasma deposition method.

[0078] The first organic layer may be smaller than the sec-
ond inorganic layer, and the second organic layer may be
smaller than the third inorganic layer.

[0079] In the meantime, a method of forming the interme-
diate layer 182 by using a thin film deposition apparatus will
be described in detail below.

[0080] FIG. 3is a perspective view of a thin film deposition
apparatus 200 according to an embodiment of the present
invention. FIG. 4 is a plan view of a patterning slit sheet of
FIG. 3.
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[0081] Referring to FIGS. 3 and 4, the thin film deposition
apparatus 200 includes a deposition source 210, a deposition
source nozzle unit 220, a patterning slit sheet 250, and a
connection member 235.

[0082] Inthisregard,all elements illustrated in FIGS. 3 and
4 may be arranged in a chamber in which an appropriate
vacuum state is maintained. This is to achieve the linearity of
a deposition material.

[0083] In more detail, in order to allow a deposition mate-
rial 215 discharged from the deposition source 210 to pass
through the deposition source nozzle unit 220 and the pat-
terning slit sheet 250 and to be deposited on the substrate 110
as adesired pattern, the inside of a chamber basically needs to
maintain the same high vacuum state as in a method of depos-
iting a fine metal mask (FMM). Temperatures of the pattern-
ing slit sheet 250 and the connection member 235 also need to
be sufficiently lower (below about 100° C.) than that of the
deposition source 210 in order to maintain a high vacuum
state in a space between the deposition source nozzle unit 220
and the patterning slit sheet 250. If the temperature of the
patterning slit sheet 250 is sufficiently low as described
above, since the deposition material 215 that is discharged in
an unintended direction is absorbed onto a surface of the
connection member 235 and the high vacuum state is main-
tained, no collision between deposition materials occurs,
thereby achieving the linearity of the deposition material 215.
[0084] The substrate 110 that is a deposition target is dis-
posed in the chamber. The substrate 110 may be a substrate
for a flat panel display device. A large substrate for manufac-
turing a plurality of flat panel displays may be used as the
substrate 110.

[0085] In this regard, a deposition process may be per-
formed while relatively moving the substrate 110 to the thin
film deposition apparatus 200.

[0086] Inmore detail, in a conventional deposition method
using an FMM, the size of the FMM needs to be the same as
that of a substrate. Thus, as the size ofthe substrate increases,
the FMM also needs to be larger. However, it is difficult to
fabricate the FMM and to align the FMM in a precise pattern
by elongation of the FMM.

[0087] To address the foregoings, in the thin film deposition
apparatus 200, deposition may be performed while moving
the thin film deposition apparatus 200 and the substrate 110
relative to each other. In other words, deposition may be
continuously performed while moving the substrate 110
which faces the thin film deposition apparatus 200 in a Y-axis
direction. That is, deposition is performed in a scanning man-
ner. Although the substrate 110 is moved in the Y-axis direc-
tion in the chamber in FIG. 3 when deposition is performed,
the present invention is not limited thereto. Deposition may
be performed while moving the thin film deposition apparatus
200 in the Y-axis direction while fixing the substrate 110.
[0088] Therefore, the thin film deposition apparatus 200
may form the patterning slit sheet 250 that is much smaller
than that used a conventional FMM. That is, in the thin film
deposition apparatus 200, since deposition is continuously
performed, i.e., in a scanning manner, while moving the sub-
strate 110 in the Y-axis direction, if a width of the patterning
slit sheet 250 in an X-axis direction and a width of the sub-
strate 110 in the X-axis direction are substantially the same, a
length of the patterning slit sheet 250 in the Y-axis direction
may be much less than that of the substrate 110. As described
above, since the patterning slit sheet 250 may be formed much
smaller than the conventional FMM, it is easy to manufacture
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the patterning slit sheet 250 according to embodiments of the
present invention. That is, a small size of the patterning slit
sheet 250 is more advantageous in all manufacturing pro-
cesses, including etching followed by precise elongation,
welding, transferring, and washing processes, than the
method of depositing the FMM. In addition, this is more
advantageous for manufacturing a relatively large display
device.

[0089] As described above, in order to perform deposition
while moving the thin film deposition apparatus 200 and the
substrate 110 relative to each other, the thin film deposition
apparatus 200 and the substrate 110 may be spaced apart from
each other by a certain gap.

[0090] In the meantime, the deposition source 210 that
accommodates and heats the deposition material 2115 may be
disposed in the chamber at a side facing the substrate 110. As
the deposition material 215 accommodated in the deposition
source 2110 is vaporized, deposition may be performed on
the substrate 110.

[0091] In more detail, the deposition source 210 may
include a crucible 211 that is filled with the deposition mate-
rial 215 and a heater 212 that heats the crucible 211 to vapor-
ize the deposition material 215 filled in the crucible 211
toward one side of the crucible 211, in particular, toward the
deposition source nozzle unit 220.

[0092] The deposition source nozzle unit 220 may be dis-
posed at one side of the deposition source 210, particularly,
facing the substrate 110. A plurality of deposition source
nozzles 221 may be formed in the deposition source nozzle
unit 220 in the X-axis direction. In this regard, the deposition
source nozzles 221 may be formed at a same gap. The depo-
sition material 215 vaporized in the deposition source 210
passes through the deposition source nozzle unit 220 and
faces the substrate 110 that is the deposition target.

[0093] The patterning slit sheet 250 and a patterning slit
sheet frame 255 may be further disposed between the depo-
sition source 210 and the substrate 110. The patterning slit
sheet frame 255 is approximately formed in a window frame
shape. The patterning slit sheet 250 may be coupled to the
inside of the patterning slit sheet frame 255. A plurality of
patterning slits 251 may be formed in the patterning slit sheet
250 in the X-axis direction. A length of the patterning slit 251
corresponding to a deposition space may not be the same as
illustrated in FIG. 3. This is to deposit the intermediate layers
182 having different thicknesses while improving uniformity
of a thickness of a deposition thin film. This will be described
later.

[0094] The deposition material 215 vaporized in the depo-
sition source 210 may pass through the deposition source
nozzle unit 220 and the patterning slit sheet 250 and face the
substrate 110 that is the deposition target. In this regard, the
patterning slit sheet 250 may be formed by using the same
method as that of forming the conventional FMM, in particu-
lar, a stripe type mask, e.g., etching.

[0095] In this regard. a total number of the patterning slits
251 may be greater than that of the deposition source nozzles
221.

[0096] Inthe meantime, the deposition source 210 (and the
deposition source nozzle unit 220 combined thereto) and the
patterning slit sheet 250 may be spaced apart from each other
by a certain gap, and may be connected to each other by using
the connection member 235. That is, the deposition source
210, the deposition source nozzle unit 220, and the patterning
slit sheet 250 may be connected to each other by using the
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connection member 235 to be integrally formed. In this
regard, the connection member 235 may guide a movement
path of a deposition material such that the deposition material
discharged via the deposition source nozzle 221 is not dis-
persed. Although the connection member 2351s formed in left
and right directions of the deposition source 210, the deposi-
tion source nozzle unit 220, and the patterning slit sheet 250
in FIG. 3, since this is for convenience of illustration, the
present invention is not limited thereto. The connection mem-
ber 235 may be formed in a closed box shape to simulta-
neously guide the deposition material to move in the X-axis
and Y-axis directions.

[0097] As described above, deposition is performed while
moving the thin film deposition apparatus 200 relative to the
substrate 110. In order for the thin film deposition apparatus
200 to move relative to the substrate 110, the patterning slit
sheet 250 is disposed spaced apart from the substrate 110 by
a certain gap.

[0098] In more detail, the conventional method of deposit-
ing the FMM performs deposition with a mask in close con-
tact with a substrate in order to prevent formation of a shadow
on the substrate. However, when the mask is formed in close
contact with the substrate, a defect occurs due to the contact
between the substrate and the mask. In addition, since the
mask may not be moved with respect to the substrate, the
mask and the substrate need to be formed in the same size.
Accordingly, the mask needs to be large as the size of a
display device increases. However, it is difficult to form a
large mask.

[0099] To address the foregoings, in the thin film deposition
apparatus 200 according to an embodiment of the present
invention, the patterning slit sheet 250 needs to be formed
spaced apart from the substrate 110 that is the deposition
target by a certain gap.

[0100] According to embodiments of the present invention,
deposition may be performed while moving a mask formed
smaller than the substrate with respect to the substrate,
thereby facilitating manufacture of the mask. A defect due to
contact between the substrate and the mask may be prevented
or minimized. It is also unnecessary to take time in closely
contacting the substrate with the mask during a deposition
process, thereby improving a manufacturing speed.

[0101] In the meantime, the patterning slit sheet 250 may
include the plurality of patterning slits 251. In this regard, the
patterning slits 251 may include a first patterning slit 251a
through which a deposition material for forming the first
sub-pixel R passes, a second patterning slit 2515 through
which a deposition material for forming the second sub-pixel
G passes, and a third patterning slit 251¢ through which a
deposition material for forming the third sub-pixel B passes.
In this regard, the first patterning slit 2514, the second pat-
terning slit 2515, and the third patterning slit 251¢ may form
one group. In particular, the deposition materials that pass
through the first patterning slit 251a, the second patterning
slit 2514, and the third patterning slit 251¢ respectively form
the first sub-pixel R, the second sub-pixel G, and the third
sub-pixel B, thereby forming the unit pixel P.

[0102] Thedeposition material may be one of various mate-
rials described above. For example, the deposition material
may be one of materials for forming the organic emission
layer 182d. The deposition material may be one of materials
for forming the functional layers 182¢. In addition, the depo-
sition material may include all materials that may be depos-
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ited via the thin film deposition apparatus 200 onto layers
forming the intermediate layers 182.

[0103] Passage areas through which the deposition material
passes may be formed in the first patterning slit 251a, the
second patterning slit 2515, and the third patterning slit 251c.
In this regard, the passage area formed in the first patterning
slit 251a may be a length of the first patterning slit 251a. The
passage area formed in the second patterning slit 2515 may be
a length of the second patterning slit 2515. The passage area
formed in the third patterning slit 251¢ may be a length of the
third patterning slit 251c.

[0104] At least two of the lengths of the first patterning slit
251a, the second patterning slit 2515, and the third patterning
slit 251¢ may be different from each other. For example, the
length of the first patterning slit 251a may be greater than that
of the second patterning slit 2515. The length of the second
patterning slit 2515 may be also greater than that of the third
patterning slit 251c.

[0105] When the at least two of the lengths of the first
patterning slit 251a, the second patterning slit 2515, and the
third patterning slit 251¢ are different from each other, dif-
ferent amounts of the deposition material may pass through
the first patterning slit 251a, the second patterning slit 2515,
and the third patterning slit 251c. In more detail, since the
length of the first patterning slit 251a is greater than that of the
second patterning slit 2515, an amount of the deposition
material that passes through the first patterning slit 251a may
be greater than that of the deposition material that passes
through the second patterning slit 2515. Also, since the length
of the second patterning slit 2515 may be also greater than
that of the third patterning slit 251¢, an amount of the depo-
sition material that passes through the second patterning slit
2515 may be also greater than that of the deposition material
that passes through the third patterning slit 251¢. In this
regard, the lengths of the first patterning slit 251a, the second
patterning slit 2515, and the third patterning slit 251¢ may be
formed such that the greatest amount of the deposition mate-
rial passes through the first patterning slit 251a, and the
second largest amount of the deposition material passes
through the second patterning slit 2515, and the smallest
amount of the deposition material passes through the third
patterning slit 251c.

[0106] In the meantime, the first patterning slit 251q, the
second patterning slit 2515, and the third patterning slit 251¢
may form a group as described above and may be included in
the patterning slit sheet 250. In this regard, gaps between the
first patterning slit 251a, the second patterning slit 2515, and
the third patterning slit 251¢ may be the same. A plurality of
each of the first patterning slit 2514, the second patterning slit
2515, and the third patterning slit 251¢ may be provided.

[0107] At least one of both ends of the plurality of first
patterning slits 251a may be formed in an arcuate or cosine
curve shape. For example, the plurality of first patterning slits
251a may have different lengths, and lengths y of the first
patterning slits 251a may be increased from a center (x=0) to
the outside.

[0108] In more detail, the farther away from the center of
the patterning slit sheet 250, the greater the lengths of the first
patterning slits 251a. That is, the length of the first patterning
slit 251a that is the closest to the center of the patterning slit
sheet 250 may be the smallest among the lengths of the
plurality of first patterning slits 251a formed in the patterning
slit sheet 250, and the farther away from the first patterning
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slit 251aq that is the closest to the center of the patterning slit
sheet 250, the greater the length of the first patterning slit
251a.

[0109] As described above, the mask having the first pat-
terning slits 251a may function to block a part of the deposi-
tion material from the deposition source nozzles 221 (see
FIG. 3) to the patterning slit sheet 250. In more detail, a
deposition film deposited by the thin film deposition appara-
tus 200 has a center portion in a convex shape, and thus a part
of the deposition material toward the center portion needs to
be blocked to make the center portion uniform. Thus, the part
of the deposition material may be blocked by forming differ-
ent lengths of the first patterning slits 251a. In this regard,
since the patterning slit sheet 250 is formed in such a way that
lengths of the first patterning slits 251a may be increased
from a center portion of the deposition space S toward both
end portions thereof, a small amount of the deposition mate-
rial passes through the first patterning slit 251a corresponding
to the center portion having a relatively small length, and a
great amount of the deposition material passes through the
first patterning slit 251a corresponding to an end portion of
the patterning slit sheet 250 having a relatively great length.
In this case, different lengths of the first patterning slits 251a
may be generally formed such that film thicknesses of both
end portions of the patterning slit sheet 250 may be an entire
film thickness.

[0110] As such, the deposition film deposited by the thin
film deposition apparatus 200 may be corrected to have a
uniform shape by forming the first patterning slits 251a to
have different lengths. That is, the amount of the deposition
material may be adjusted so that the thickness of the deposi-
tion material is uniform. The adjustment may be made by
enabling a small amount of the deposition material to pass
through patterning slit by reducing the lengths of patterning
slits on which a large amount of the deposition material is
deposited and increasing the lengths of the patterning slits on
which a small amount of the deposition material is deposited.
[0111] Therefore, uniformity of a thin film deposited on a
substrate by using the first patterning slits 251¢a is formed
within the error range of about 1%-2%, thereby improving
product quality and reliability.

[0112] Theabove phenomenon may be the same as or simi-
lar to that in the second patterning slit 2516 and the third
patterning slit 251c. Thus, lengths of the second patterning
slit 2515 and the third patterning slit 251¢ may be formed to
be similar to that of the first patterning slit 2514. In this regard,
curvature radii or cosine values of the first patterning slit
251a, the second patterning slit 2515, and the third patterning
slit 251¢ may be differently formed as described above.
[0113] Inthe meantime, upon reviewing a method of form-
ing the intermediate layer 182 by using the thin film deposi-
tion apparatus 200 described above, each layer may be
formed on the substrate 110, the HIL 1824 and the HTL 1825
may be formed on the pixel electrode 181, and then the
substrate 110 may be injected into a chamber. Thereafter, the
deposition material may be deposited on the substrate 110 via
the patterning slit sheet 250 while moving the substrate 110 in
a direction A of FIG. 3.

[0114] When the deposition material passes through the
first patterning slit 251a, the second patterning slit 2515, and
the third patterning slit 251¢, a thickness of the functional
layer 182¢ may be different. In particular, in this case, the
thickness of the functional layer 182¢ in which the first
organic emission layer 1824-R 1s to be formed may be the
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largest, the thickness ofthe functional layer 182¢ in which the
second organic emission layer 1824-G is to be formed may be
the second largest, and the thickness of the functional layer
182¢ in which the third organic emission layer 1824-B is to be
formed may be the smallest. The thickness of the functional
layer 182¢ in which the first organic emission layer 1824-R is
to be formed, formed by the patterning slit sheet 250, is the
same over an entire area of the patterning slit sheet 250, and
the thickness of the functional layer 182¢ in which the second
organic emission layer 182d-G is to be formed and the thick-
ness of the functional layer 182¢ in which the third organic
emission layer 1824-B is to be formed may also be the same
over the entire area of the patterning slit sheet 250.

[0115] Ifthe functional layers 182¢ of the first through third
sub-pixels R, G, and B are formed as described above, the first
organic emission layer 182d-R, the second organic emission
layer 182d-G, and the third organic emission layer 1824-B
may be formed. In this regard, the first organic emission layer
1824-R, the second organic emission layer 1824-G, and the
third organic emission layer 182d-B may use different masks,
and a deposition method thereof may be similar to the method
of forming the functional layers 182c¢.

[0116] Thereafter, other layers such as the ETL 182¢ and
the EIL 182/ may be stacked on the organic emission layers
1824, thereby manufacturing the organic light-emitting dis-
play apparatus 100.

[0117] When the organic light-emitting display apparatus
100 is manufactured by using the thin film deposition appa-
ratus 200 as described above, an optical thickness of each of
the organic emission layers 1824 may be corrected. In par-
ticular, a thickness of the intermediate layer 182 according to
locations of the organic emission layers 1824 may be
achieved by a simple and quick manufacture process.

[0118] FIG. 5is a perspective view of a thin film deposition
apparatus 300 according to another embodiment of the
present invention. FIG. 6 is a plan view of a correction plate
360 of FIG. 5.

[0119] Referring to FIGS. 5 and 6, the thin film deposition
apparatus 300 may include a deposition source 310, a depo-
sition source nozzle unit 320, a patterning slit sheet 350, a
connection member 335, and the correction plate 360. In this
regard, the deposition source 310, the deposition source
nozzle unit 320, and the connection member 335 are the same
as or similar to those described above, and thus detailed
descriptions thereof are omitted.

[0120] The patterning slit sheet 350 may be installed on a
patterning slit sheet frame 355. In this regard, the patterning
slit sheet frame 355 is the same as or similar to that described
above, and thus a detailed description thereof is omitted.

[0121] The patterning slit sheet 350 may include a plurality
of patterning slits 351. In this regard, the patterning slits 351
may be formed in the same size. The patterning slits 351 may
be spaced apart from each other.

[0122] Each of the patterning slits 351 may include a first
patterning slit 3514, a second patterning slit 3515, and a third
patterning slit 351¢ that are formed corresponding to the first
sub-pixel R, the second sub-pixel G, and the third sub-pixel B,
respectively.

[0123] The correction plate 360 may be installed in a top
surface or a bottom surface of the patterning slit sheet 350 to
shield at least a part of the patterning slit 351. In this regard,
the correction plate 360 may define a passage area of the first
patterning slit 351a, a passage area of the second patterning
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slit 3515, and a passage area of the third patterning slit 351¢
by shielding the at least a part of the patterning slit 351.
[0124] Inmore detail, the correction plate 360 may include
a first patterning slit shield unit 361 that shields at least a part
of the first patterning slit 351a to define the passage area of the
first patterning slit 351a. The correction plate 360 may
include a second patterning slit shield unit 362 that defines the
passage area of the second patterning slit 3516 and a third
patterning slit shield unit 363 that defines the passage area of
the third patterning slit 351c.

[0125] Inthisregard, the first patterning slit shield unit 361,
the second patterning slit shield unit 362, and the third pat-
terning slit shield unit 363 may differently form at least two of
lengths of the passage areas of the first patterning slit 351a,
the second patterning slit 3515, and the third patterning slit
351c. The first patterning slit shield unit 361, the second
patterning slit shield unit 362, and the third patterning slit
shield unit 363 may form the passage areas of the first pat-
terning slit 351a, the second patterning slit 3515, and the third
patterning slit 351¢ such that the first patterning slit 351a, the
second patterning slit 3515, and the third patterning slit 351¢
may be the same as the first patterning slit 251a, the second
patterning slit 2515, and the third patterning slit 251¢
described with reference to FIGS. 3 and 4 above by shielding
the first patterning slit 351a, the second patterning slit 3515,
and the third patterning slit 351c.

[0126] The first patterning slit shield unit 361, the second
patterning slit shield unit 362, and the third patterning slit
shield unit 363 may form one group: A plurality of groups
may be connected such that the groups may correspond to a
length of the patterning slit sheet 350.

[0127] Inparticular, a plurality of first patterning slit shield
units 361 may be provided and may have lengths that are
reduced from a center of the patterning slit sheet 350 to the
outside. In particular, outer surfaces of the first patterning slit
shield units 361 may be formed in a circular arc or cosine
shape.

[0128] The second patterning slit shield unit 362 and the
third patterning slit shield unit 363 may be formed to be
similar to the first patterning slit shield units 361. In this
regard, a length of the second patterning slit shield unit 362
may be greater than that of the first patterning slit shield units
361, and a length of the third patterning slit shield unit 363
may be greater than that of the second patterning slit shield
unit 362. Thus, the passage area of the first patterning slit
351a may be greater than that of the second patterning slit
3515, and the passage area of the second patterning slit 3515
may be greater than that of the third patterning slit 351c.
[0129] In the meantime, a method of forming the interme-
diate layer 182 by using the thin film deposition apparatus 300
formed as described above may be similar to that described
above. In more detail, the substrate 110 is injected into a
chamber so as to allow the thin film deposition apparatus 300
to be spaced apart from the substrate 110 and then is scanned
in one direction to deposit a deposition material. In this
regard, various layers may be previously formed on the sub-
strate 110 as described above.

[0130] When the deposition material is deposited as
described above, an amount of the deposition material that
passes through the first patterning slit 351a, the second pat-
terning slit 3515, and the third patterning slit 351¢ may be
different as described above. In this regard, the functional
layer 182¢ in which the first organic emission layer 1824-R
that is red may be deposited to have the greatest thickness, the

Jan. 7,2016

functional layer 182¢ in which the second organic emission
layer 182d-G that is green may be deposited to have a middle
thickness, and the functional layer 182¢ in which the third
organic emission layer 1824-B that is blue may be deposited
to have the smallest thickness.

[0131] Thethicknesses of functional layers 182¢ of the first
sub-pixel R, the second sub-pixel G, and the third sub-pixel B
are differently formed and then, the organic emission layers
1824, the ETL 182¢, the EIL 182/, and the facing electrode
183 may be sequentially formed. Thereafter, the thin film
encapsulation layer E may be formed on the facing electrode
183, thereby completely manufacturing the organic light-
emitting display apparatus 100.

[0132] Therefore, the thin film deposition apparatus 200
and the method of manufacturing the organic light-emitting
display apparatus 100 using the thin film deposition apparatus
200 do not use a separate mask to form the functional layers
182¢, thereby reducing manufacturing time and cost.

[0133] Furthermore, the thin film deposition apparatus 200
and the method of manufacturing the organic light-emitting
display apparatus 100 using the thin film deposition apparatus
200 may uniformly form the intermediate layer 182 in each of
sub-pixels in an entire area of the organic light-emitting dis-
play apparatus 100, thereby securing product quality and
reliability.

[0134] As described above, according to the one or more of
the above embodiments of the present invention, a thin film
deposition apparatus and a method of manufacturing an
organic light-emitting display apparatus by using the thin film
deposition apparatus improve productivity.

[0135] Itshould 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.

[0136] 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
without departing from the spirit and scope of the present
invention as defined by the following claims.

What is claimed is:

1. A thin film deposition apparatus for forming a thin film

on a substrate, the thin film deposition apparatus comptrising:

a deposition source configured to contain a deposition
material;

a deposition source nozzle unit disposed at one side of the
deposition source and comprising a plurality of deposi-
tion source nozzles; and

a mask disposed to face the deposition source, and com-
prising a plurality of patterning slits through which the
deposition material passes to be deposited onto a sub-
strate to form a plurality of sub-pixels,

wherein the plurality of patterning slits comprise a first
patterning slit through which the deposition material
passes for forming a first one of the plurality of sub-
pixels, a second patterning slit through which the depo-
sition material passes for forming a second one of the
plurality of sub-pixels, and a third patterning slit through
which the deposition material passes for forming a third
one of the plurality of sub-pixels, and

wherein the first patterning slit has a first length extending
along the moving direction, and the second patterning
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slit has a second length extending along the moving
direction and substantially different from the first length.

2. The thin film deposition apparatus of claim 1, wherein
the mask comprises a single sheet comprising the first pat-
terning slit, the second patterning slit, and the third patterning
slit.

3. The thin film deposition apparatus of claim 1, wherein
the mask comprises a first sheet comprising a plurality of
uniform slits having a substantially same length and a second
sheet comprising a hole having a contour, the second sheet
overlapping the first sheet and configured to block a portion of
each of the uniform slits such that the first sheet and the
second sheet collectively form the first, second and third
patterning slits.

4. The thin film deposition apparatus of claim 1, wherein
the first sub-pixel comprises an intermediate layer compris-
ing an organic emission layer configured to emit red light, the
second sub-pixel comprises an intermediate layer comprising
an organic emission layer configured to emit green light, and
the third sub-pixel comprises an intermediate layer compris-
ing an organic emission layer configured to emit blue light.

5. The thin film deposition apparatus of claim 4, wherein
the first length is greater than the second length.

6. The thin film deposition apparatus of claim 4, wherein
the third patterning slit has a third length extending along the
moving direction, wherein the second length is greater than
the third length.

7. The thin film deposition apparatus of claim 1, wherein
the plurality of patterning slits comprises an additional first
patterning slit spaced apart from the first patterning slit,
wherein the first patterning slit is located closer to a center of
the mask than the additional first patterning slit which is
longer than the first patterning slit.

8. The thin film deposition apparatus of claim 1, wherein
the plurality of patterning slits comprises an additional sec-
ond patterning slit spaced apart from the second patterning
slit, wherein the second patterning slit is located closer to a
center of the mask than the additional second patterning slit
which is longer than the second patterning slit.

9. The thin film deposition apparatus of claim 1, wherein
the plurality of patterning slits comprises an additional third
patterning slit spaced apart from the third patterning slit,
wherein the third patterning slit is located closer to a center of
the mask than the additional third patterning slit which is
longer than the third patterning slit.

10. The thin film deposition apparatus of claim 1, wherein
at least one end of each of the first patterning slit, the second
patterning slit, and the third patterning slit is formed in a
circular arc or cosine curve shape.

11. The thin film deposition apparatus of claim 1, wherein
an amount of the deposition material to be deposited on the
substrate is controlled according to the length of each of the
first through third patterning slits.

12. The thin film deposition apparatus of claim 3, wherein
the second sheet comprises a first shielding unit configured to
shield at least a part of a first one of the uniform slits.

13. The thin film deposition apparatus of claim 3, wherein
the second sheet comprises a second shielding unit config-
ured to shield at least a part of a second one of the uniform
slits.

14. The thin film deposition apparatus of claim 3, wherein
the second sheet comprises a third shielding unit configured
to shield at least a part of a third one of the uniform slits.
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15. The thin film deposition apparatus of claim 1, wherein
one of the thin film deposition apparatus or the substrate
moves relative to the other.

16. A method of manufacturing an organic light-emitting
display device, the method comprising:
providing a thin film deposition apparatus;

positioning a substrate such that the substrate is spaced
apart from the thin film deposition apparatus; and

depositing a deposition material onto the substrate by dis-
charging the deposition material from the thin film depo-
sition apparatus onto the substrate while moving one of
the thin film deposition apparatus or the substrate rela-
tive to the other along a moving direction,

wherein the depositing of the deposition material dis-
charged from the thin film deposition apparatus onto the
substrate comprises: depositing the deposition material
through a plurality of patterning slits onto the substrate
to form a plurality of sub-pixels, each of which corre-
sponds to one of the plurality of patterning slits,

wherein the plurality of patterning slits comprise a first
patterning slit through which the deposition material
passes for forming a first one of the plurality of sub-
pixels, a second patterning slit through which the depo-
sition material passes for forming a second one of the
plurality of sub-pixels, and a third patterning slit through
which the deposition material passes for forming a third
one of the plurality of sub-pixels, and

wherein the first patterning slit has a first length extending
along the moving direction, and the second patterning
slit has a second length extending along the moving
direction and substantially different from the first length.

17. The method of claim 16, wherein the first sub-pixel
comprises an intermediate layer comprising an organic emis-
sion layer that is configured to emit red light, the second
sub-pixel comprises an intermediate layer comprising an
organic emission layer that is configured to emit green light,
and the third sub-pixel comprises an intermediate layer com-
prising an organic emission layer that is configured to emit

blue light.

18. The method of claim 17, wherein the third patterning
slit has a third length extending along the moving direction,
wherein the first length is greater than the second length
which is greater than the third length.

19. The method of claim 16, wherein the plurality of pat-
terning slits comprises an additional first patterning slit for
forming another first subpixel, an additional second pattern-
ing slit for forming another second subpixel, and an addi-
tional third patterning slit for forming another third subpixel,

wherein the first, second and third patterning slits are
located closer to a center of a patterning slit sheet com-
prising the plurality of patterning slits than the addi-
tional first, second and third patterning slits, respec-
tively, and the first, second and third patterning slits are
shorter than the additional first, second and third pattern-
ing slits, respectively.

20. The method of claim 16, wherein an amount of the
deposition materials deposited on the substrate is controlled
according to the length of each of the first through third
patterning slits.
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