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(57) ABSTRACT

An organic light-emitting display apparatus includes a dis-
play substrate, a display panel on the display substrate and
including a pixel region including an organic light-emitting
device (OLED), and a non-pixel region, and an encapsulation
substrate for encapsulating the display panel, wherein the
encapsulation substrate defines at least one groove therein in
which a color filer is located.

S
OLED
>110
101 J
A—100

JJ//W// ////// %
R

1063 TFT 102 104106b

Pe



f

US 2015/0021559 A1

¥ \'\\\/\\\\\\\\\\v/
Ly

>/ =200

210

[

S

201
i
\

AV s

210
/L

[

9

Jan. 22, 2015 Sheet 1 of 7
201

SN

[«

Patent Application Publication

1A

FIG.

FIG.

) o [l o = o [=]
— S o — ~— -— —
¥ e N Y — L 13N
13 1
f _ m / f ! |
1
el ot gy v im gmgtar ge sl \I«l\.“bﬂl\l«lﬂ.ﬂdl TFFT
Pt E A il N N
77 / \“\\““\\Nh\KW\ Hﬁ.\&hﬂ&uﬁl\\%ﬁ\l\hﬂﬁ\\l\\l\h\l\kvlﬂl\\l\ \ku\l\\.ﬂ.\\\\/
- s <o
<l W\\w._\ S . - _\\\\\u
%1 1 g -
B - B
1e 7 sl
_ ) - ———
; ] O I a1 v
a2 2 NN« W = R A
-
\ 5 i T A
o F..n\._ r——--3 r—"1 | ¥, 4
= B [P S
s mamEEEEE R [y R L L1 | vl
= s
E r.”a i
1,74
ol _\\\“\“ ! ww\\\__
/ “. s \x_ i _\\\\_;_
o - Zh 2z
boe % P
N 1 m voed % P
- . 77
Lo} = o ! _\\\u_
=& - veld | i
L=< o I % R W S
o 7 e T B 2
S 7Rl BRZ
R — S 79 7
wifl 1= — ] - [
_, el vl N e 4
—— - o 1754 1 Lo
N Zra |
P, W S —— - | 1 ”~
H s [l _,\\\\u_ L L) o
i = [t eV
— [ % N I ety T wrtaiy | M~ 71 ~\\_
Pr1 11 o, 14 o 1 e . | [ ol
v\ﬂ / oA ey L L=-11 £
- [ S N
. —_—
£ AN 17,70
(ST SR S —_ —_ 270 4
/ SRRty Py \\4\\“01“\4\\\Mﬂ1\\\\\
& — aa R Al P A A LA I A I
fa} {
(Y]
—




Patent Application Publication  Jan. 22,2015 Sheet 2 of 7 US 2015/0021559 A1

FIG. 2

10 201 o1

113}OLED
I .L—-1 07 >110
‘VJ/W///////////TS% :

1068 TFT ‘102 104106b

Pe

FIG. 3

11 201a 201b 201c 201¢
210a({ 210b{ 210c 210¢

Sl / /7 A—200

i / L]
190 — A
N[ 5 [ g N 510
HOH_—\ \{*\'ﬁ:\\ . - I\i\ AN \
I///;’/: }/W/ ./'. ././i /1100
1121113111 1091 | Lo
v . !
(OLED 4
U U |
I :-E:H Pb‘_"‘_tl::"’;nl “Pc‘"d'



US 2015/0021559 A1

/100

—510

L A200

-
AN

210

202

v

/1

4

v

i
|

210
7

AN

202

‘/
Ve

Jan. 22, 2015 Sheet 3 of 7

PR

AN T 10
P

+

L

I~

10—

VL

300~y

FIG. 4

Patent Application Publication

D = ﬂ S
~— o \4] <
O. S [a W
e o N PSR
_ — =
NTETR Y e D ITHETE T .
N5 N R T2 s
ST SHETRRETS
AR Y
\/ /\\\\\\\\/]J./%
N = N
AN - N v AN
faiv ]

FIG.

PR



US 2015/0021559 A1

Jan. 22, 2015 Sheet 4 of 7

Patent Application Publication

6

FIG.

PR

S8 2 2
i _h,u 1
NZZR
SR N 70N I
= N AN o
~ N\ Y
LB
o T N
N A R
m V// - [n 38
N . E— 1=
[~ o wom_
~J X :llﬁl |||||
m/ ++\ L~ - HW

7

Ay

230
o /?L?

1t

FIG.

4

PR



US 2015/0021559 A1

Jan. 22, 2015 Sheet 5 of 7

Patent Application Publication

FIG. 8A

~
%— 200

Vd
e

/

G

Ve
//!

7
7

P S/ s
S v
//////

7
V4

TQT /

8B

FIG.

8 © &
!
B2 KN , T -
m N > // hmna
N z
m // / _ @
NN S/ I— fe L
N B} 3] ———
AN ; o o
7 N NN “/HW -
NN
N\
N/ ~.
AN 571 N N IC ~~
~ —_———D
W A . n.uFDl W \\\\\\
Wm A o S = -
N = WPb
w\\ // A W -
N = S -
“ > II_Q\WIIDIII - /.......r
“ > —= E WDW —
m // PN M-Dl T
m ~ N xllHl I, = P
AR
N
N
B4
- 40~ ll
e~ - =




US 2015/0021559 A1

Jan. 22, 2015 Sheet 6 of 7

Patent Application Publication

8C

FIG.

/’
‘S s

7
£

7 77;‘/
// R

7
S s

) / :
//1//

I

e
Z
s

il

..l.
=
[+
£
O
4=
Lab]
~_/
S
-~
—————————
\\\\\
-,
Jl......
If/f
- e
-
‘\\\
-
J‘..rl
frll
e
——————
-
\\\\\
-

8D

FIG.

I

100

u

Z]

5 A
/ /

Wy

——

+

I

T

Tt

A

///kMéA/A/
i

o

NF’t

PR



US 2015/0021559 A1

Jan. 22, 2015 Sheet 7 of 7

Patent Application Publication

FIG. 8E

600

210'

77/ 200

210

V' 7

P

S

7

1

///

S

(.

PR

FIG. 8F

t

NN

() < <
K b =2
ﬂ,\/
o B 7 S — a
o // + N ch
S~ 70 I Ly
N : S -
NN
- N o
%/u// R RN——. PP
/ ] I\JW 1111111 =
N = wa
N Y =
~N S wlll o
N N m_v-,-T
B 7 N
N SRR
o N
)
8 2

PR



US 2015/0021559 A1

ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0084933, filed on
Jul. 18, 2013, 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 an organic light-emitting display apparatus and a
method of manufacturing the same.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting display apparatus is a
self-emission display that includes organic light-emitting
diodes (OLED), each of which including a hole injection
electrode, an electron injection electrode, and an organic
light-emitting layer formed therebetween. The organic light-
emitting display apparatus emits light when an exciton, which
is generated when a hole injected from the hole injection
electrode and an electron injected from the electron injection
electrode are combined, drops from an excitation state to a
ground state.

[0006] Because the organic light-emitting display appara-
tus, which is a self-emission display, does not need an addi-
tional power source, it may be driven with a low voltage, and
it may be formed as a light film. Additionally, the organic
light-emitting display apparatus provides high-quality char-
acteristics such as wide viewing angles, high contrast, and
rapid responses. Thus, the organic light-emitting display
apparatus has gained a lot of attention as a next-generation
display apparatus.

SUMMARY

[0007] One or more embodiments of the present invention
include an organic light-emitting display apparatus that
employs a color filter having enhanced color reproduction
and a method of manufacturing the same.

[0008] Additional aspects of embodiments of the present
invention will be set forth in part in the description that
follows and, in part, will be apparent from the description, or
may be learned by practice of the presented embodiments.
[0009] According to one or more embodiments of the
present invention, an organic light-emitting display apparatus
includes a display substrate, a display panel on the display
substrate and including a pixel region including an organic
light-emitting device (OLED), and a non-pixel region, and an
encapsulation substrate for encapsulating the display panel,
wherein the encapsulation substrate defines at least one
groove therein in which a color filer is located.

[0010] The pixel region may include a first pixel, a second
pixel, and a third pixel, the first, second, and third pixels being
configured to emitlight of different colors, and the at least one
groove may correspond to the first pixel, the second pixel, or
the third pixel.

[0011] The organic light-emitting display apparatus may
further include a color filter corresponding to the color emit-
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ted by the first pixel located in the at least one groove, wherein
the at least one groove is above the first pixel.

[0012] The first pixel may be a blue pixel.

[0013] The at least one groove may include a first groove
corresponding to the first pixel, a second groove correspond-
ing to the second pixel, and a third groove corresponding to
the third pixel, and color filters respectively corresponding to
the colors emitted by the first pixel, the second pixel, and the
third pixel may be located in the first groove, the second
groove, and the third groove, respectively.

[0014] The at least one groove may be defined by an exte-
rior of the encapsulation substrate.

[0015] The organic light-emitting display apparatus may
further include a filling member configured to protect the
display panel located between the display panel and the
encapsulation substrate, wherein the at least one groove is
defined by a side of the encapsulation substrate facing the
display substrate.

[0016] The organic light-emitting display apparatus may
further include a black matrix corresponding to the non-pixel
region located on the encapsulation substrate.

[0017] The organic light-emitting display apparatus may
further include a polarizing film on the encapsulation sub-
strate.

[0018] The organic light-emitting display apparatus may
further include an encapsulation member surrounding the
display panel, and bonding the display substrate to the encap-
sulation substrate.

[0019] The organic light-emitting display apparatus may
further include a moisture absorbent at a side of the display
panel.

[0020] A depth of the at least one groove may be in a range
of about 0.1 um to about 1000 um.

[0021] According to one or more embodiments of the
present invention, a method of manufacturing an organic
light-emitting display apparatus, the method including form-
ing a display panel on a display substrate, bonding the display
substrate to an encapsulation substrate, forming a groove in
the encapsulation substrate, and forming a color filter in the
groove, wherein the display panel includes a pixel region
including an OLED, and a non-pixel region.

[0022] The pixel region may include a first pixel, a second
pixel, and a third pixel, wherein the first, second, and third
pixels are configured to emit different colors, and wherein the
groove corresponds to the first pixel, the second pixel, or the
third pixel.

[0023] Forming the groove may include wet etching.
[0024] The method may further include performing a slim-
ming operation for reducing thicknesses of the display sub-
strate and the encapsulation substrate.

[0025] Forming the groove and performing the slimming
operation may occur substantially simultaneously.

[0026] Performing the slimming operation may include
reducing the thicknesses of the display substrate and the
encapsulation substrate by about 40% to about 60%.

[0027] Forming the color filter may include an inkjet print-
ing method.
[0028] Bonding the display substrate to the encapsulation

substrate may include coating an encapsulation member on
the display substrate, orienting the display substrate and the
encapsulation substrate to face each other, and irradiating
laser onto a region of the encapsulation substrate correspond-
ing to the encapsulation member.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and/or other aspects will become apparent
and will be more readily appreciated from the following
description of the embodiments, taken in conjunction with the
accompanying drawings in which:

[0030] FIG. 1A is a schematic cross-sectional view of an
organic light-emitting display apparatus according to an
embodiment of the present invention;

[0031] FIG. 1B is a schematic plan view of the organic
light-emitting display apparatus of FIG. 1A;

[0032] FIG. 2 is a schematic enlarged cross-sectional view
of a part of the organic light-emitting display apparatus of
FIG. 1A;

[0033] FIG. 3 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to another
embodiment of the present invention;

[0034] FIG. 4 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to another
embodiment of the present invention;

[0035] FIG. § is a schematic cross-sectional view of an
organic light-emitting display apparatus according to another
embodiment of the present invention;

[0036] FIG. 6 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to another
embodiment of the present invention;

[0037] FIG. 7 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to another
embodiment of the present invention; and

[0038] FIGS. 8A through 8F are cross-sectional views for
sequentially explaining a method of manufacturing organic
light-emitting display apparatuses, according to embodi-
ments of the present invention.

DETAILED DESCRIPTION

[0039] The present disclosure will now be described more
fully with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. Like
reference numerals in the drawings denote like elements, and
thus their description will be omitted. In the drawings, the
lengths and sizes of elements may be exaggerated for clarity
and convenience of description.

[0040] This invention may be embodied in many different
forms and should notbe construed as limited to the exemplary
embodiments set forth herein. For example, it will be under-
stood that when a layer is referred to as being “on” or “‘on the
top of” another layer, the layer can be directly on another
layer, or one or more intervening layers may be present.
[0041] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. 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.
It will be further understood that the terms “comprises,”
“comprising,” “includes,” and/or “including,” when used
herein, specify the presence of stated steps, operations, and/or
elements, but do not preclude the presence or addition of one
or more other steps, operations, and/or elements. It will be
understood that, although the terms, “first’, “second’, etc. may
be used herein to describe various elements, these elements
should not be limited by these terms. Instead, these terms are
only used to distinguish one element from another.

[0042] When a certain embodiment may be implemented
differently, a described process order may be performed in an
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order differently from that which is described. For example,
two consecutively described processes may be performed
substantially at the same time, or may be performed in an
order different than, or opposite to, the described order. As
used herein, the term “and/or” includes any and all combina-
tions of one or more of the associated listed items. Expres-
sions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements, and do not
modify the individual elements of the list.

[0043] FIG. 1A is a schematic cross-sectional view of an
organic light-emitting display apparatus 10 according to an
embodiment of the present invention. FIG. 1B is a schematic
plan view of the organic light-emitting display apparatus 10
of FIG. 1A. FIG. 2 is a schematic enlarged cross-sectional
view of a part of the organic light-emitting display apparatus
10 of FIG. 1A,

[0044] Referring to FIGS. 1A and 1B, the organic light-
emitting display apparatus 10 includes a display substrate
100, a display panel 110, and an encapsulation substrate 200.
The encapsulation substrate 200 includes a groove 201 in
which a color filter 210 is located. The organic light-emitting
display apparatus 10 may further include an encapsulation
member 510.

[0045] The display panel 110 is provided on the display
substrate 100, and includes a pixel region PR, in which an
organic light-emitting device (OLED) s provided, and a non-
pixel region NP that separates the pixel regions PR from each
other.

[0046] The pixel regions PR may include a first pixel Pa, a
second pixel Pb, and a third pixel Pc, which are configured to
emit light of different colors. For example, the first pixel Pa
may be a red pixel, the second pixel Pb may be a green pixel,
and the third pixel Pc may be ablue pixel, although the colors
of the pixels are not limited thereto. For example, the pixel
regions PR may include white pixels. Also, the pixel regions
PR may include a white pixel in addition to the red, green, and
blue pixels.

[0047] The first pixel Pa, the second pixel Pb, and the third
pixel Pc may be aligned in various shapes or arrangements.
For example, a pixel alignment structure of FIG. 1B may have
a stripe shape in which a plurality of pixels having the same
color are aligned in a row unit, or a column unit, although the
pixel alignment structure is not limited thereto. For example,
the pixel alignment structure may have a pentile matrix shape
in which the first pixel Pa and the second pixel Pb are alter-
nately aligned in the same row, and in which the third pixel Pc
is aligned in an adjacent row. The pixel regions PR may have
various shapes such as rectangular shapes, hexagonal shapes,
polygonal shapes, circular shapes, oval shapes, and the like.
[0048] The encapsulation substrate 200 is located to face
the display substrate 100 and encapsulates the display panel
110. The encapsulation substrate 200 blocks/protects the dis-
play panel 110, including the OLED, from external moisture
and air. The encapsulation substrate 200 may use a substrate
formed of various plastic materials such as acryl, and the
display substrate 100 may be formed of various materials,
such as a glass material.

[0049] The groove 201, in which the color filter 210 is
located, is formed in the encapsulation substrate 200, and
may be provided to selectively correspond to at least one of
the pixel regions PR. In embodiments of the present inven-
tion, the color filter 210 may be provided to satisfy a color
reproduction of the organic light-emitting display apparatus
10.
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[0050] In general, to achieve the color reproduction of a
display apparatus, three primary colors emitted from the dis-
play apparatus satisfy a standard color space (for example, a
color coordinate of SRGB, such as a coordinate according to
a CIE xy diagram). For example, a standard CIE xy coordi-
nate of ared pixel is (0.64,0.33), a standard CIE xy coordinate
of a green pixel is (0.30, 0.60), and a standard CIE xy coor-
dinate of a blue pixel is (0.15, 0.06).

[0051] Accordingly, the color reproduction of the organic
light-emitting display apparatus 10 may be achieved when a
color coordinate of light emitted from the organic light-emit-
ting display apparatus 10 is identical to, or is similar to, the
standard color coordinate. The self-emissive organic light-
emitting display apparatus 10 may satisfy the standard color
coordinate using a color coordinate of light emitted by an
organic emissive layer 113 of FIG. 2. However, because a
lifespan of, or an electrical characteristic of, the organic emis-
sive layer 113 is considered in addition to the color coordi-
nate, it may be difficult to satisfy/achieve the intended stan-
dard color coordinate when only using the organic emissive
layer 113. Thus, the color filter 210 may be used to control the
color coordinate by being located in a pixel region in which it
is relatively difficult to achieve the color coordinate by only
using the organic emissive layer 113. Accordingly, the color
filter 210 may implement a full color image, may improve
color purity, and may enhance exterior visibility.

[0052] Insome embodiments of the present invention, the
groove 201, in which the color filter 210 is located, may
correspond to at least one of the first pixel Pa, the second pixel
Pb, and the third pixel Pc. For example, the groove 201, in
which the color filter 210 is located, may be provided to
correspond to the first pixel Pa. The color filter 210 may
implement the same color as the color emitted by the first
pixel Pa. In this regard, the first pixel Pa may be a blue pixel,
although the first pixel Pa is not limited thereto, and may
instead be a red pixel or a green pixel.

[0053] In some embodiments, the groove 201 containing
the color filter 210 may be provided to correspond to two of
the first pixel Pa, the second pixel Pb, and the third pixel Pc.
In the present embodiment, the color filter 210 may imple-
ment different colors according to corresponding pixels, and
may satisfy a value of the standard color coordinate according
to each pixel.

[0054] The groove 201 in which the color filter 210 is
located may be formed in an upper portion of the encapsula-
tion substrate 200. That is, the groove 201 may be in a side of
the encapsulation substrate 200 facing away from the display
panel 110. Accordingly, the color filter 210 formed of an
organic solvent may be removed from, and thereby prevented
from influencing, or negatively effecting, the display panel
110.

[0055] The color filter 210 may include a dye/pigment and
the organic solvent. The pigment may be an organic pigment
or an inorganic pigment. In some embodiments of the present
invention, the inorganic pigment may include at least one
selected from the group consisting of titanium oxide, barium
sulfate, calcium carbonate, zinc oxide, titanium nitride, lead,
sulphate, zinc, iron oxide III, cadmium, chromium oxide,
cobalt, titanium, carbon, and any combinations thereof. In
some embodiments of the present invention, the organic sol-
vent may include at least one selected from the group con-
sisting of N-methylpyrrolidone, ethylene glycol monobutyl
ether, propylene glycol monomethyl ether, propylene glycol
monomethyl ether acetate, and any combinations thereof.
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[0056] A depth d of the groove 201, in which the color filter
210 is located, may correspond to a minimum depth by which
the color filter 210 may work and/or an intensity of light that
passes through the color filter 210. The depth d may be
designed in consideration of a processing condition for form-
ing the color filter 210. The depth d of the groove 201 may be
in the range of about 0.1 um to about 1000 um.

[0057] The groove 201 may be formed by dry etching or
wet etching. In some embodiments of the present invention,
the groove 201 may be formed during a slimming process for
reducing a thickness of the encapsulation substrate 200,
although the present invention is not limited thereto. For
example, the groove 201 may be formed by imprint lithogra-
phy.

[0058] A thickness t of the color filter 210 may be different
than the depth d of the groove 201. For example, the thickness
t of the color filter 210 may be less than the depth d of the
groove 201.

[0059] Because the color filter 210 is located in the groove
201 in the encapsulation substrate 200, the organic light-
emitting display apparatus 10 may be light and thin.

[0060] The encapsulation member 510 may surround the
display panel 110, and may function to bond the display
substrate 100 to the encapsulation substrate 200. The encap-
sulation member 510 may function to block/protect the dis-
play panel 110, including the OLED, from external moisture
and air. The encapsulation member 510 may be sealing, glass,
frit, etc., which are commonly used.

[0061] An inner space 120 defined by the display substrate
100, the encapsulation substrate 200, and the encapsulation
member 510 may be in a vacuum state, although the qualities
of the inner space 120 are not limited thereto. For example,
the inner space 120 may be filled with nitrogen (N2), or may
further include a filling material, which may protect the dis-
play panel 110 from external shock, and which may be
formed of an insulating material.

[0062] The construction of the organic light-emitting dis-
play apparatus 10 will be described in detail with reference to
FIG. 2.

[0063] The display substrate 100 may be formed of a trans-
parent glass material having silicon dioxide (8i0,) as a main
component. However, the display substrate 100 is not limited
thereto, and may be formed of a transparent plastic material.
The plastic material forming the display substrate 100 may be
an insulating organic substance selected from the group con-
sisting of polyethersulfone (PES), polyacrylate (PAR), poly-
etherimide (PEI), polyethylene naphthalate (PEN), polyeth-
vlene terephthalate (PET), polyphenylene sulfide (PPS),
polyallylate, polyimide, polycarbonate (PC), cellulose triac-
etate (TAC), and cellulose acetate propionate (CAP).

[0064] In a bottom emissive type display apparatus, in
which an image is formed in a direction toward the display
substrate 100, the display substrate 100 may be formed of a
transparent material. In a top emissive type display apparatus,
in which an image is formed in a direction away from the
display substrate 100, the display substrate 100 need not be
formed of the transparent material, and may instead be
formed of a ceramic or metallic material. For example, the
display substrate 100 may include at least one selected from
the group consisting of carbon, iron, chromium, manganese,
nickel, titanium, molybdenum, and stainless steel but is not
limited thereto. The display substrate 100 may use a substrate
formed of a metal foil.
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[0065] An auxiliary layer 101, such as a barrier layer, a
blocking layer, and/or a buffer layer, may be located on the
display substrate 100 to prevent spread of impurity ions,
prevent inflow of moisture or external air, and planarize an
upper surface of the display substrate 100. The auxiliary layer
101 may be formed of silicon oxide (Si0,), silicon nitride
(SiN,) and/or silicon oxynitride (SiO,N,) by using various
deposition methods, such as plasma-enhanced chemical
vapor deposition (PECVD), atmospheric pressure chemical
vapor deposition (APCVD), low pressure CVD (LPCVD),
and the like. The auxiliary layer 101 is not necessarily indis-
pensable, and may be omitted according to circumstances.
[0066] The display panel 110 is provided on the display
substrate 100 and includes a thin film transistor (TFT) and the
OLED. In FIG. 2, one TFT is provided for each pixel. How-
ever, this is merely for convenience of description and
embodiments of the present invention are not limited to one
TFT provided for each pixel, and a plurality of TFTs and a
storage capacitor may be further provided.

[0067] The TFT is electrically coupled to the OLED to
drive the OLED. The TFT of FIG. 2 is a top gate type TFT and
sequentially includes an active layer 102, a gate electrode
104, a source electrode 1064, and a drain electrode 1065.
Although the top gate type TFT is described in the present
embodiment, embodiments of the present invention are not
limited to a type of the TFT of FIG. 2 and it will be understood
by one of ordinary skill in the art that various types of TFTs
may be employed.

[0068] The active layer 102 may be formed by forming and
patterning an inorganic semiconductor such as silicon and an
oxide semiconductor, or an organic semiconductor on the
display substrate 100 provided on the auxiliary layer 101.
[0069] In some embodiments, the active layer 102 may be
formed of silicon. In this case, the active layer 102 may be
formed to include a source region, a drain region, and a
channel region between the source region and the drain region
by forming and crystallizing an amorphous silicon layer on
the display substrate 100, forming and patterning a polycrys-
talline silicon layer, and doping the source region and the
drain region at an edge of the channel region with impurities.
[0070] In another embodiment, the active layer 102 may be
formed of the oxide semiconductor. For example, the oxide
semiconductor may include an oxide of a material selected
from metal elements in groups 12 through 14 of the periodic
table including of zinc (Zn), indium (In), gallium (Ga), stan-
num/tin (Sn), cadmium (Cd), germanium (Ge), and hafnium
(Hf), and any combinations thereof.

[0071] A source region and a drain region are formed at
respective edges of the active layer 102, and may be electri-
cally coupled to the source electrode 1064 and the drain
electrode 1065, respectively. A gate insulating layer 103 is
formed on the active layer 102. A gate electrode 104 is formed
onthe gate insulating layer (e.g., on a predetermined region of
the gate insulating layer) 103, and is electrically coupled to a
gate line via which on/off signals of the TFT may be applied.
[0072] An interlayer insulating layer 105 is formed on the
gate electrode 104. The source electrode 106a and the drain
electrode 1065 respectively contact the source region and the
drain region of the active layer 102 through contact holes in
the interlayer insulating layer 105.

[0073] The gate insulating layer 103 and the interlayer
insulating layer 105 may be formed of an insulating material.
For example, the gate insulating layer 103 and the interlayer
insulating layer 105 may be formed in a stacked structure of
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a single layer or of multiple layers including an inorganic
material, an organic material, or a combination thereof. In
some embodiments, the gate insulating layer 103 and the
interlayer insulating layer 105 may be formed of SiN, or
Si0,.

[0074] A planarization layer 107 may cover and protect the
TFT and/or may remove a phase difference and planarize the
OLED to thereby increase emission efficiency of the OLED
formed on the TFT. The planarization layer 107 may include
an inorganic insulating layer and/or an organic insulating
layer. The inorganic insulating layer may include SiO,, SiNx,
SiON, AL, O;, Ti0O,, Ta,05, HfO,, ZrO,, BST, PZT, etc. The
organic insulating layer may include general purpose poly-
mers, such as polymethyl methacrylate (PMMA) and poly-
styrene (PS), polymer derivatives having a phenolic group,
acrylic polymers, imide polymers, aryl ether polymers, amide
polymers, fluorinated polymers, p-xylene polymers, vinyl
alcohol polymers, and their blends. The planarization layer
107 may also be formed in a stacked structure of a single layer
or of multiple layers including an inorganic material and an
organic material.

[0075] The OLED is provided in a pixel region and in an
emissive region on the planarization layer 107. The emissive
region and a non-emissive region will be described with
respect to a pixel-defining layer 109.

[0076] The OLED includes an anode electrode 111, which
is electrically coupled to one of the source electrode 106a and
the drain electrode 1065 of the TFT, a cathode electrode 112
formed to face the anode electrode 111, and an organic emis-
sive layer 113 interposed therebetween.

[0077] The anode electrode 111 of the OLED is formed on
the planarization layer 107, and the pixel-defining layer 109 is
formed to cover the anode electrode 111 formed of an insu-
lating material. The pixel-defining layer 109 may be formed
by using resin, such as polyacrylate, polyimide, benzocy-
clobutene, or phenol, or a silica-based inorganic material. In
some embodiments, the pixel-defining layer 109 may be
formed by using a spin coating method.

[0078] An opening (e.g., a predetermined opening) that
exposes a center portion of the anode electrode 111 is formed
in the pixel-defining layer 109, and the organic emissive layer
113 of the OLED is formed in a region of the opening. Then,
the cathode electrode 112 of the OLED is formed to cover all
pixels (e.g., as a common electrode).

[0079] A pixel is defined by the opening of the pixel-defin-
ing layer 109. One OLED is located for each pixel. That is, an
emissive region is formed at the opening of the pixel-defining
layer 109 by the organic emissive layer 113, and is separated
from adjacent emissive regions by the pixel-defining layer
109, which is a non-emissive region. In this regard, the emis-
sive region is a pixel region, and the non-emissive region is a
non-pixel region.

[0080] The anode electrode 111 may be a transparent elec-
trode or a reflective electrode. If the anode electrode 111 is
formed as the transparent electrode, the anode electrode 111
may include ITO, 1ZO, ZnO, or In,0;. Otherwise, if the
anode electrode 111 is formed as the reflective electrode, the
anode electrode 111 may include a reflective layer formed of
Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or a compound thereof,
and a transparent layer formed of ITO, IZO, ZnO, or In,0,. In
some embodiments, the anode electrode 111 may be formed
as a reflective electrode with a structure of ITO/Ag/ITO.
[0081] The cathode electrode 112 may also be formed as a
transparent electrode or as a reflective electrode. If the cath-
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ode electrode 112 is formed as the transparent electrode, the
cathode electrode 112 may include a layer formed to face the
organic emissive layer 113 by depositing Li, Ca, LiF/Ca,
LiF/Al, Al, Mg, or a compound thereof, and may also include
an auxiliary electrode or a bus electrode line formed of a
transparent conductive material such as ITO, 120, ZnO, or
In, O, onthe layer facing the organic emissive layer 113. If the
cathode electrode 112 is formed as the reflective electrode,
the cathode electrode 112 may be formed of Li, Ca, LiF/Ca,
LiF/Al, Al, Mg, or a compound thereof. In some embodi-
ments of the present invention, the anode electrode 111 and
the cathode electrode 112 may be switched with each other.
[0082] A low-molecular weight organic material or a poly-
mer organic material may be employed as the organic emis-
sive layer 113, which is located between the anode electrode
111 and the cathode electrode 112. When the organic emis-
sive layer 113 is formed of the low-molecular weight organic
material, a hole injection layer (HIL), a hole transport layer
(HTL), an electron transport layer (ETL), and/or an electron
injection layer (EIL), may be stacked to form a single or
multiple structure, having the organic light-emitting layer
113 therebetween. Various organic materials, such as copper
phthalocyanine (CuPc), N,N'-Di(naphthalene-1-y1)-N,N'-
diphenyl-benzidine (NPB), or tris-8-hydroxyquinoline alu-
minum (Alq3), may be used to form the organic emissive
layer 113. The low-molecular weight organic material may be
formed on masks by using a vacuum deposition method.
[0083] When the organic emissive layer 113 is formed of
the polymer organic material, the HTL may be included
between the organic emissive layer 113 and the anode elec-
trode 111. The HTL may be formed of poly(3,4-ethylene-
dioxythiophene) (PEDOT), and the organic emissive layer
113 may be formed of a polymer organic material, such as
polyphenylene vinylene (PPV) or polyfluorene. The organic
emissive layer 113 may emit red, green, blue, or white light.
[0084] Although the organic emissive layer 113 of FIG. 2 is
located in the opening of the pixel-defining layer 109, the
present invention is not limited thereto. For example, the
organic emissive layer 113 may be formed on the anode
electrode 111 in the opening of the pixel-defining layer 109,
and may also be partially located between the pixel-defining
layer 109 and the cathode electrode 112.

[0085] According to the above-described embodiment, as
an example, the organic emissive layer 113 is formed in the
opening, and separate light-emitting materials are formed for
each pixel. However, the present invention is not limited
thereto. The organic emissive layer 113 may also be formed
on the entire planarization layer 107, regardless of a location
of pixels. In this regard, the organic emissive layer 113 may be
formed to emit the white light by mixing light-emitting mate-
rials that emit red, green, and blue lights. The organic emis-
sive layer 113 may be formed by vertically stacking layers
that emit red, green, and blue light, or by mixing or stacking
light-emitting material layers including various colors that
may emit white light.

[0086] A protection layer may be further provided on the
OLED to cover and protect the OLED.

[0087] As described above, the encapsulation substrate 200
of the organic light-emitting display apparatus 10 includes
the groove 201 containing the color filter 210 that may be
selectively located according to a pixel type. Accordingly, a
color reproduction of the organic light-emitting display appa-
ratus 10 may be enhanced. The color filter 210 may be located
outside (e.g., in the groove on the side of the encapsulation
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substrate 200 facing away from the OLED) to prevent an
organic material forming the color filter 210 from influenc-
ing, or degrading, the OLED. The color filter 210 is included
in the encapsulation substrate 200 instead of being included
as a separate member, and thus the organic light-emitting
display apparatus 10 may be lightweight and thin.

[0088] FIG. 3 is a schematic cross-sectional view of an
organic light-emitting display apparatus 11 according to
another embodiment of the present invention. The reference
numerals of FIG. 3 that are the same as those of FIG. 1 denote
the same elements as those of FIG. 1, and thus redundant
descriptions thereof are omitted for brevity of explanation.

[0089] Referring to FIG. 3, the organic light-emitting dis-
play apparatus 11 of the present embodiment is different from
the organic light-emitting display apparatus 10 of FIG. 1 in
that the organic light-emitting display apparatus 11 of the
present embodiment includes a first groove 2014, a second
groove 2015, and a third groove 201¢ formed in/defined by
the encapsulation substrate 200. The first groove 201a, the
second groove 2015, and the third groove 201¢ respectively
correspond to the first pixel Pa, the second pixel Pb, and the
third pixel Pc.

[0090] One or more color filters 210a, 2105, and 210c may
be located in one or more of the first groove 201a, the second
groove 2015, and the third groove 201¢. In other words, there
may be one of the first groove 201a, the second groove 2015,
and the third groove 201¢ in which none of the color filters
210a, 2105, and 210c¢ are located. In some embodiments, the
first color filter 2104, which corresponds to the same color as
that emitted by the first pixel Pa, is located only in the first
groove 201a, while no color filter is located in the second
groove 2015 and the third groove 201c.

[0091] In other embodiments, the first color filter 210q,
which corresponds to the same color as that emitted by the
first pixel Pa, may be located in the first groove 201a, while
the second color filter 2105, which corresponds to the same
color as that emitted by the second pixel Pb, may be located in
the second groove 2015, and while the third color filter 210¢,
which corresponds to the same color as that emitted by the
third pixel Pc, may be located in the third groove 201c.

[0092] The first through third color filters 210a, 2105, and
210¢ may have different thicknesses.

[0093] Itmay be determined whether and how to apply the
first through third color filters 210a, 2105, and 210c to the
organic light-emitting display apparatus 11 of FIG. 3 accord-
ing to results obtained by testing a color coordinate charac-
teristic of the organic light-emitting display apparatus 11
before forming the first through third color filters 210a, 2105,
and 210¢, and by uniformly preparing the first groove 2014,
the second groove 2015, and the third groove 201c.

[0094] FIG. 4 is a schematic cross-sectional view of an
organic light-emitting display apparatus 12 according to
another embodiment of the present invention. The reference
numerals of FIG. 4 that are the same as those of F1G. 1 denote
the same elements as those of FIG. 1, and thus redundant
descriptions thereof are omitted for brevity of explanation.

[0095] Referring to FIG. 4, the organic light-emitting dis-
play apparatus 12 of the present embodiment is different from
the organic light-emitting display apparatus 10 of FIG. 1 in
that the organic light-emitting display apparatus 12 includes a
groove 202 formed in the encapsulation substrate 200 (e.g., at
a side of the encapsulation substrate 200 facing the inner
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space 120). The organic light-emitting display apparatus 12
further includes a filling material 300 for protecting the dis-
play panel 110.

[0096] The filling material 300 may function to block an
organic material of the color filter 210 from influencing/
effecting the display panel 110. The filling material 300 may
function to protect the display panel 110 from external mois-
ture or oxygen, and from external shock. The filling material
300 may be formed as an organic layer and an inorganic layer.
Insome embodiments, the filling material 300 may be formed
of urethane resin that is an organic sealant, epoxy-basedresin,
acrylate resin, or silicon that is an inorganic sealant. For
example, urethane acrylate may be used as the urethane resin.
For example, butyl acrylate, ethylhexyl acrylate, etc. may be
used as the acrylate resin. In some embodiments, the filling
material 300 may be polyimide. In some embodiments, the
filling material 300 may be formed in a stack structure includ-
ing the organic layer and the inorganic layer.

[0097] FIG. 5 is a schematic cross-sectional view of an
organic light-emitting display apparatus 13 according to
another embodiment of the present invention. The reference
numerals of FIG. 5 that are the same as those of FIG. 1 denote
the same elements as those of FIG. 1, and thus redundant
descriptions thereof are omitted for brevity of explanation.
[0098] Referring to FIG. 5, the organic light-emitting dis-
play apparatus 13 is different from the organic light-emitting
display apparatus 10 of FIG. 1 in that the organic light-
emitting display apparatus 13 of the present embodiment
further includes a protection layer 115 and/or a moisture
absorbent 520 that protect the OLED.

[0099] The protection layer 115 1s provided on the OLED
and the cathode electrode 112, and may function to cover and
protect the OLED. The protection layer 115 may include an
inorganic insulating layer and/or an organic insulating layer.
The inorganic insulating layer may include SiO,, SiNx,
SiON, AL, O;, TiO,, Ta,05, HfO,, ZrO,, BST, PZT, etc. The
organic insulating layer may include general purpose poly-
mers, such as (PMMA) and (PS), polymer derivatives having
a phenolic group, acrylic polymers, imide polymers, aryl
ether polymers, amide polymers, fluorinated polymers, p-xy-
lene polymers, vinyl alcohol polymers, and their blends. The
protection layer 115 may be deposited by various deposition
methods, such as PECVD, APCVD, LPCVD, and the like.
The protection layer 115 is not necessarily indispensable, and
may be omitted according to circumstances.

[0100] The moisture absorbent 520 may be located at one
or more sides of, or may surround, the display panel 110. The
moisture absorbent 520 may function to extend a lifespan of
the OLED by reducing an amount of moisture and oxygen
that easily react with the OLED. The moisture absorbent 520
may be formed of one selected from the group consisting of
alkali metal oxides, alkaline earth metal oxides, metal
halides, lithium sulfate, metal sulfate, metal perchlorate,
silica gel, and phosphorus pentoxide, and any combinations
thereof. A type and location of the moisture absorbent 520 is
not limited thereto.

[0101] FIG. 6 is a schematic cross-sectional view of an
organic light-emitting display apparatus 14 according to
another embodiment of the present invention. The reference
numerals of FIG. 6 that are the same as those of FIG. 1 denote
the same elements as those of FIG. 1, and thus redundant
descriptions thereof are omitted for brevity of explanation.
[0102] Referring to FIG. 6, the organic light-emitting dis-
play apparatus 14 of the present embodiment is different from
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the organic light-emitting display apparatus 10 of FIG. 1 in
that the organic light-emitting display apparatus 14 of the
present embodiment further includes a polarizing film 400
provided on the encapsulation substrate 200.

[0103] The polarizing film 400 may function to increase a
color reproduction and/or an image definition by reducing
reflection of external light. The polarizing film 400 may
include a single layer or multilayers, and may include a polar-
izing layer, a support layer, and an adhesive layer.

[0104] The polarizing film 400 may function to polarize
light incident from a light source as light in the same direction
as that of a polarizing axis. In some embodiments, the polar-
izing film 400 may be formed by adding a polarizer and/or a
dichroic dye to a polyvinyl alcohol (PVA) film. The dichroic
dye may be iodine molecules and/or pigment molecules. In
some embodiments, the polarizing film 400 may be a circular
polarizing film.

[0105] FIG. 7 is a schematic cross-sectional view of an
organic light-emitting display apparatus 15 according to
another embodiment of the present invention. The reference
numerals of FIG. 7 that are the same as those of FIG. 1 denote
the same elements as those of FIG. 1, and thus redundant
descriptions thereof are omitted for brevity of explanation.
[0106] Referring to FIG. 7, the organic light-emitting dis-
play apparatus 15 of the present embodiment is different from
the organic light-emitting display apparatus 10 of FIG. 1 in
that the organic light-emitting display apparatus 15 of the
present embodiment further includes a black matrix 230 pro-
vided on the encapsulation substrate 200.

[0107] Theblack matrix 230 may correspond to a non-pixel
region(s) NP. The black matrix 230 may function to absorb
invisible rays incident from the outside, to reduce or prevent
the invisible rays from the pixel regions PR from mixing and
interfering, and to enhance contrast of the organic light-emit-
ting display apparatus 15. The black matrix 230 may be
formed of a material, such as Cr or CrOx, Cr/CrOx, Cr/CrOx/
CrNy, resin (a carbon pigment and an RGB mixture pigment),
and graphite. The black matrix 230 may be formed through a
photolithography process after coating a black material (e.g.,
such that the black material has a predetermined pattern),
although the present invention is not limited thereto. The
black matrix 230 may be formed through various processes,
such as a roller printing process.

[0108] FIGS. 8A through 8F are cross-sectional views for
sequentially explaining a method of manufacturing the
organic light-emitting display apparatuses of embodiments of
the present invention (e.g., organic light-emitting display
apparatuses 10,11, 12, 13, 14, and 15), according to embodi-
ments of the present invention. A process of manufacturing
the organic light-emitting display apparatus 10 will now be
described in the present embodiment.

[0109] Referring to FIG. 8A. the display panel 110 is
formed on the display substrate 100. The display panel 110
includes the pixel regions PR, in which the OLED is pro-
vided, and a non-pixel region NP, which separates the pixel
regions PR from each other. Various deposition methods may
be used to form the OLED included in the display panel 110.
[0110] Thereafter, the display substrate 100, on which the
display panel 110 is formed, and the encapsulation substrate
200 are bonded to each other. To bond the display substrate
100 and the encapsulation substrate 200 to each other, the
encapsulation member 510 is coated on the display substrate
100 to surround the display panel 110, and then the display
substrate 100 and the encapsulation substrate 200 are posi-
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tioned to face each other. Thereafter, infrared rays are irradi-
ated, or heat is applied, to a region of the display substrate 100
or the encapsulation substrate 200 corresponding to a position
of the encapsulation member 510, and then the encapsulation
member 510 is hardened. Thus, the display substrate 100 and
the encapsulation substrate 200 are completely bonded to
each other.

[0111] In this regard, an initial thickness of the display
substrate 100 may be T1', and an initial thickness of the
encapsulation substrate 200 may be T2'. In some embodi-
ments, T1' and/or T2' may have a value in the range of about
0.5 mm to about 1 mm.

[0112] Referring to FIG. 8B, a photoresist (PR) pattern is
formed to form the groove 201 in the encapsulation substrate
200 (see FIG. 8C). The PR pattern may be formed through a
mask exposure process after coating PR on the encapsulation
substrate 200.

[0113] Thereafter, the groove 201 may be formed in the
encapsulation substrate 200 through an etching process. The
etching process may be a wet etching process or dry etching
process. In some embodiments, a dip method of dipping the
display substrate 100 and the encapsulation substrate 200 into
adip bath containing an etching liquid, and/or a spray method
of spraying the etching liquid onto the display substrate 100
and the encapsulation substrate 200, may be used to form the
groove 201.

[0114] Referring to FIG. 8C, if the groove 201 is formed in
the encapsulation substrate 200, the remaining PR pattern
may be removed, although the present invention is not limited
thereto. In some embodiments, a thickness of the PR may be
determined in consideration of an etching rate of the PR, such
that the PR pattern may be etched by the etching liquid when
the groove 201 is formed in the encapsulation substrate 200,
thereby allowing for the process of removing the PR pattern
to be omitted.

[0115] Thereafter, a slimming process of reducing thick-
nesses of the display substrate 100 and the encapsulation
substrate 200 may be performed. The slimming process may
use the dip method of dipping the display substrate 100 and
the encapsulation substrate 200 that are bonded to each other
in the dip bath containing the etching liquid, and/or the spray
method of spraying the etching liquid onto the display sub-
strate 100 and the encapsulation substrate 200. In some
embodiments, the etching liquid may include hydrofluoric
acid (HF).

[0116] Referring to FIG. 8D, a thickness T1 of the display
substrate 100 and a thickness T2 of the encapsulation sub-
strate 200 may respectively be from about 40% to about 60%
of the initial thicknesses T1' and T2' through the slimming
process. In some embodiments, the thickness T1 of the dis-
play substrate 100 and the thickness T2 of the encapsulation
substrate 200 may be in a range of about 0.2 mm to about 0.5
mm. The organic light-emitting display apparatus 10 may be
lightweight and thin through the slimming process.

[0117] In some embodiments, the process of forming the
groove 201 and the slimming process may be simultaneously
performed (or performed at about the same time) when the
thickness of the PR is determined in consideration of the
etching rate of the PR such that the PR pattern may be com-
pletely etched when reaching an intended depth of the groove
201.

[0118] In some embodiments, the depth of the groove 201
may be in a range of about 0.1 um to about 1000 um.
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[0119] Referring to FIG. 8E, the color filter 210 of FIG. 8F
is formed in the groove 201 of the encapsulation substrate
200. The color filter 210 may be formed by using various
filling methods.

[0120] In some embodiments, the color filter 210 may be
formed by using an inkjet printing method. The color filter
210 of FIG. 8F may be completely formed by selectively
dropping aliquid color filter solution 210" into the groove 201
of the encapsulation substrate 200 by using an inkjet or a
nozzle coating apparatus 600, and by filling and hardening the
liquid color filter solution 210" in the groove 201. A thickness
of the color filter 210 may be different from the depth of the
groove 201. The thickness of the color filter 210 may be
non-uniform. For example, the color filter 210 may have a
concave shape or a convex shape.

[0121] Although a process of manufacturing the organic
light-emitting display apparatus 10 of FIG. 1 is sequentially
explained, the process may be modified in various ways. For
example, the grooves 201 and 202 and the color filters 210
may be formed in the encapsulation substrate 200 before
bonding the display substrate 100 and the encapsulation sub-
strate 200 to each other. Also, the slimming process may be
performed before bonding the display substrate 100 and the
encapsulation substrate 200 to each other, and may be per-
formed by using a carrier substrate.

[0122] As described above, according to one or more of the
above embodiments of the present invention, an encapsula-
tion substrate of an organic light-emitting display apparatus
includes a groove in which a color filter is located. The color
filter may be selectively located according to a pixel type.
Accordingly, a color reproduction of the organic light-emit-
ting display apparatus may be enhanced.

[0123] The color filter may be located outside (e.g., on an
exterior of the encapsulation substrate) to prevent an organic
material forming the color filter from influencing an OLED.
[0124] Thecolor filter is included in the encapsulation sub-
strate instead of as a separate member, and thus a lightweight
and thin organic light-emitting display apparatus may be
achieved.

[0125] It should be understood that the exemplary embodi-
ments described herein should be considered in a descriptive
sense only, and should not be considered 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.
[0126] 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, and their
equivalents.

What is claimed is:

1. An organic light-emitting display apparatus comprising:

a display substrate;

a display panel on the display substrate and comprising a
pixel region comprising an organic light-emitting device
(OLED), and a non-pixel region; and

an encapsulation substrate for encapsulating the display
panel,

wherein the encapsulation substrate defines at least one
groove therein in which a color filer is located.

2. The organic light-emitting display apparatus of claim 1,

wherein the pixel region comprises a first pixel, a second
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pixel, and a third pixel, the first, second, and third pixels being
configured to emit light of different colors, and

wherein the at least one groove corresponds to the first

pixel, the second pixel, or the third pixel.

3. The organic light-emitting display apparatus of claim 2,
further comprising a color filter corresponding to the color
emitted by the first pixel located in the at least one groove,

wherein the at least one groove is above the first pixel.

4. The organic light-emitting display apparatus of claim 3,
wherein the first pixel is a blue pixel.

5. The organic light-emitting display apparatus of claim 2,
wherein the at least one groove comprises a first groove
corresponding to the first pixel, a second groove correspond-
ing to the second pixel, and a third groove corresponding to
the third pixel, and

wherein color filters respectively corresponding to the col-

ors emitted by the first pixel, the second pixel, and the
third pixel are located in the first groove, the second
groove, and the third groove, respectively.

6. The organic light-emitting display apparatus of claim 1,
wherein the at least one groove is defined by an exterior of the
encapsulation substrate.

7. The organic light-emitting display apparatus of claim 1,
further comprising a filling member configured to protect the
display panel located between the display panel and the
encapsulation substrate,

wherein the at least one groove is defined by a side of the

encapsulation substrate facing the display substrate.

8. The organic light-emitting display apparatus of claim 1,
further comprising a black matrix corresponding to the non-
pixel region located on the encapsulation substrate.

9. The organic light-emitting display apparatus of claim 1,
further comprising a polarizing film on the encapsulation
substrate.

10. The organic light-emitting display apparatus of claim 1,
further comprising an encapsulation member surrounding the
display panel, and bonding the display substrate to the encap-
sulation substrate.

11. The organic light-emitting display apparatus of claim 1,
further comprising a moisture absorbent at a side of the dis-
play panel.
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12. The organic light-emitting display apparatus ofclaim 1,
whereina depthofthe at least one grooveis in a range of about
0.1 um to about 1000 um.

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

forming a display panel on a display substrate;

bonding the display substrate to an encapsulation sub-

strate;

forming a groove in the encapsulation substrate; and

forming a color filter in the groove,

wherein the display panel comprises a pixel region com-

prising an OLED, and a non-pixel region.

14. The method of claim 13, wherein the pixel region
comprises a first pixel, a second pixel, and a third pixel,

wherein the first, second, and third pixels are configured to

emit different colors, and

wherein the groove corresponds to the first pixel, the sec-

ond pixel, or the third pixel.

15. The method of claim 13, wherein forming the groove
comprises wet etching.

16. The method of claim 13, further comprising perform-
ing a slimming operation for reducing thicknesses of the
display substrate and the encapsulation substrate.

17. The method of claim 16, wherein forming the groove
and performing the slimming operation occur substantially
simultaneously.

18. The method of claim 16, wherein performing the slim-
ming operation comprises reducing the thicknesses of the
display substrate and the encapsulation substrate by about
40% to about 60%.

19. The method of claim 13, wherein forming the color
filter comprises an inkjet printing method.

20. The method of claim 13, wherein bonding the display
substrate to the encapsulation substrate comprises:

coating an encapsulation member on the display substrate;

orienting the display substrate and the encapsulation sub-

strate to face each other; and

irradiating laser onto a region of the encapsulation sub-

strate corresponding to the encapsulation member.
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