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ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from Korean Patent
Application No. 10-2013-0077830 filed on Jul. 3, 2013 in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to a dis-
play device and a method of manufacturing the same, and
more particularly, to an organic light-emitting diode (OLED)
display and a method of manufacturing the same.

[0004] 2. Description of the Related Technology

[0005] The development of information and communica-
tions technology and the diversity of the information creates
a continuously increasing demand for display devices. Dis-
play devices include cathode ray tubes (CRTs) and liquid
crystal displays (LCDs). In particular, organic light-emitting
diode (OLED) displays are unique due to their exceptional
characteristics.

[0006] Unlike LCDs, OLED displays do not require a light
source since OLEDs are self-emissive. Therefore, OLED dis-
plays generally have reduced thickness and weight. Addition-
ally, OLED displays have a wide viewing angle, low power
consumption, high luminance and high response speed. Due
to these advantages, OLED displays are being actively devel-
oped as next-generation displays.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0007] One inventive aspect is an organic light-emitting
diode (OLED) display (hereinafter to be interchangeably
used with “OLED display device”) which includes a filler
structure having improved light-emission efficiency.

[0008] Another aspect is a method of manufacturing an
OLED display which includes a filler structure having
improved light-emission efficiency.

[0009] Another aspect is an OLED display comprising a
substrate which comprises non-emission regions and emis-
sion regions, a first electrode which is formed on each of the
emission regions of the substrate, an organic light-emitting
layer which is formed on the first electrode, a second elec-
trode which is formed on the organic light-emitting layer and
the substrate, and a passivation layer which is formed on the
second electrode, wherein the passivation layer comprises a
first passivation layer which substantially overlaps the
organic light-emitting layer and a second passivation layer
which does not overlap the organic light-emitting layer,
wherein a refractive index of the first passivation layer is
higher than a refractive index of the second passivation layer.
[0010] Another aspect is a method of manufacturing an
OLED display, the method comprising preparing a first sub-
strate which comprises an organic light-emitting layer and a
second substrate which seals the first substrate, placing filler
between the first substrate and the second substrate, bonding
the first substrate and the second substrate together and form-
ing a first passivation layer which overlaps the organic light-
emitting layer and a second passivation layer which does not
overlap the organic light-emitting layer, wherein a refractive
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index of the first passivation layer is higher than a refractive
index of the second passivation layer.

[0011] Another aspect is a method of manufacturing an
OLED display, the method comprising preparing a first sub-
strate which comprises an organic light-emitting layer and a
second substrate which seals the first substrate, forming a
second passivation layer, which does not overlap the organic
light-emitting layer, on the first substrate, spreading filler
between the second passivation layer and another second
passivation layer and bonding the first substrate and the sec-
ond substrate together and forming a first passivation layer by
curing the filler, wherein a refractive index of the first passi-
vation layer is higher than a refractive index of the second
passivation layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above described and other aspects and features
of the described technology will become more apparent by
describing in detail exemplary embodiments thereof with
reference to the attached drawings.

[0013] FIG. 1 is a block diagram of an OLED display
according to an embodiment.

[0014] FIG. 2 is a cross-sectional view of a panel taken
along the line II-II' of FIG. 1.

[0015] FIG. 3 is a cross-sectional view of a first passivation
layer and a second passivation layer according to an embodi-
ment.

[0016] FIG. 4isaplan view ofthe first passivation layer and
the second passivation layer shown in FIG. 2.

[0017] FIGS. 5 and 6 are cross-sectional views of a first
passivation layer and a second passivation layer according to
another embodiment.

[0018] FIG. 7is a cross-sectional view of a first passivation
layer and a second passivation layer according to another
embodiment.

[0019] FIG. 8 is a cross-sectional view of a panel of an
OLED display according to another embodiment.

[0020] FIG. 9 is a cross-sectional view of a panel of an
OLED display according to another embodiment.

[0021] FIG. 10isaflowchartillustrating a method of manu-
facturing an OLED display according to an embodiment.

[0022] FIG. 11 is a cross-sectional view illustrating an
operation of bonding a first substrate and a second substrate in
the manufacturing method of FIG. 10.

[0023] FIGS. 12 and 13 are cross-sectional views illustrat-
ing an operation of forming a first passivation layer and a
second passivation layer in the manufacturing method of FIG.
10.

[0024] FIG. 14 is aflowchartillustrating a method of manu-
facturing an OLED display according to another embodi-
ment.

[0025] FIG. 15 is a cross-sectional view illustrating an
operation of forming a second passivation layer in the manu-
facturing method of FIG. 14.

[0026] FIG. 16 is a cross-sectional view illustrating an
operation of forming a first passivation layer in the manufac-
turing method of FIG. 14.

[0027] FIG. 17 is a cross-sectional view illustrating an
operation of forming a second passivation layer in a method
of manufacturing an OLED display according to another
embodiment.
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DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0028] OLED displays generally include a thin-film tran-
sistor and an OLED for each of many pixels formed on a
substrate and are sealed with a sealing member such as glass
fit, for example. The sealing member can prevent penetration
of moisture and foreign matter into each OLED and thin-film
transistor. In addition, filler is typically interposed between
the sealing member and the substrate. The filler can protect
the OLED by absorbing external impact and can cool the
OLED by absorbing heat emitted from the OLED. However,
the filler can absorb part of the light emitted by the OLED,
thereby reducing the light-emission efficiency of the OLED
display.

[0029] Advantages and features of the described technol-
ogy and methods of accomplishing the same may be under-
stood more readily by reference to the following detailed
description of preferred embodiments and the accompanying
drawings. The described technology may, however, be
embodied in many different forms and should not be con-
strued as being limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete and will fully convey the
concept of the described technology to those skilled in the art,
and the described technology will only be defined by the
appended claims. Thus, in some embodiments, well-known
structures and devices are not shown in order not to obscure
the description of the described technology with unnecessary
detail. Like numbers refer to like elements throughout. In the
drawings, the thickness of layers and regions may be exag-
gerated for clarity.

[0030] It will be understood that when an element or layer
is referred to as being “on,” or “connected to” another element
or layer, it can be directly on or connected to the other element
or layer or intervening elements or layers may be present. In
contrast, when an element is referred to as being “directly on”
or “directly connected to” another element or layer, there are
no intervening elements or layers present. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items. Throughout the specifi-
cation, the term “connected” includes “electrically con-
nected.”

[0031] Spatially relative terms, such as “below,” “beneath,”
“lower,” “above,” “upper.” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. Tt will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures.

[0032] Hereinafter, embodiments of the described technol-
ogy will be described in detail with reference to the attached
drawings.

[0033] FIG. 1 is a block diagram of an OLED display 10
according to an embodiment of the described technology.

[0034] Referring to FIG. 1, the OLED display 10 may
include a driving unit 12 and a panel 11. The driving unit 12
may include a timing controller Tc, a scan driver Sd, and a
data driver Dd. The timing controller Tc, the scan driver Sd
and the data driver Dd may be formed as one integrated circuit
(IC) or may respectively be formed as separate ICs. Alterna-
tively, only some of them may be combined into one IC.
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[0035] The timing controller Tc may receive image data R,
G, B and generate a scan driver control signal SCS and a data
driver control signal DCS which correspond to the received
image data R, G, B.

[0036] The scan driver Sd may receive the scan driver con-
trol signal SCS and generate first through n” scan signals S1
through Sn corresponding to the received scan driver control
signal SCS. Each of the first through n” scan signals S1
through Snmay have an electric potential of a scan-on voltage
or a scan-off voltage. The first through n™ scan signals S1
through Sn may sequentially have the electric potential of the
scan-on voltage. When the first through n™ scan signals S1
through Sn have the electric potential of the scan-on voltage,
first through m* data signals D1 through Dm may be trans-
mitted to a plurality of pixels PX.

[0037] The data driver Dd may receive the data driver con-
trol signal DCS and generate the first through m™ data signals
D1 through Dm corresponding to the received data driver
control signal DCS. The first through m” data signals D1
through Dm may be generated to be synchronized with the
first through n scan signals S1 through Sn. The first through
m™ data signals D1 through Dm may include information
about the grayscale of an image displayed on the panel 11.
[0038] Thepanel 11 may include pixels PX. The pixels PX
may be arranged in a substantially matrix pattern. However,
the arrangement of the pixels PX is not limited to a matrix
pattern. The pixels PX may be controlled differently and may
emit light differently to display an image on the whole surface
of the panel 11. Each of the pixels PX may include an organic
light-emitting layer EL and a thin-film transistor TR. The
organic light-emitting layer EL. may emit light by itself. The
thin-film transistor TR may drive the organic light-emitting
layer EL and control the luminance of the organic light-
emitting layer EL. The thin-film transistor TR may control a
pixel PX to receive or not receive a data signal in response to
the scan-on voltage of a scan signal, thereby controlling the
luminance of the organic light-emitting layer EL.

[0039] The structure of the panel 11 of the OLED display
10 will now be described in greater detail with reference to
FIG. 2. FIG. 2 is a cross-sectional view of the panel 11 of the
OLED display 10, taken along the line II-II' of FIG. 1.
[0040] Referringto FIG. 2, the panel 11 includes a substrate
S, a first electrode 121, the organic light-emitting layer EL, a
second electrode 122, and a passivation layer f.

[0041] The substrate S may be shaped like a substantially
flat plate. The substrate S may be formed of an insulating
material. In an example, the substrate S may be formed of
glass, quartz, ceramic or plastic. According to some embodi-
ments, the substrate S may be formed of a material that can be
easily bent by an external force.

[0042] In some embodiments, the substrate S may further
include a buffer layer which is formed on the substrate S to
substantially prevent diffusion of impurity ions, substantially
prevent penetration of moisture and outside air, and planarize
the surface of the substrate S.

[0043] The substrate S may include the pixels PX. Each of
the pixels PX may include a non-emission region NF and an
emission region EF. That is, the substrate S may include a
plurality of non-emission regions NF and a plurality of emis-
sion regions EF, and the emission regions EF and the non-
emission regions NF may be arranged alternately. Here, each
of the emission regions EF may be a region where the organic
light-emitting layer EL is formed and light is emitted from the
organic light-emitting layer EL. Each of the non-emission
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regions NF may be a region where the thin-film transistor TR
driving the organic light-emitting layer EL is formed.

[0044] The thin-film transistor TR may include a semicon-
ductor layer 111, a gate electrode 112, a source electrode 113,
and a drain electrode 114.

[0045] The semiconductor layer 111 may be disposed on
each of the non-emission regions NF. The semiconductor
layer 111 may be formed of amorphous silicon or polysilicon.
The semiconductor layer 111 may include a channel region
111C, a source region 1118, and a drain region 111D. The
channel region 111C may be disposed between the source
region 1118 and the drain region 111D. The channel region
111C may be overlapped by the gate electrode 112. Depend-
ing on a voltage applied to the gate electrode 112, the channel
region 111C may become conductive or non-conductive,
thereby electrically connecting or insulating the source
region 1118 and the drain region 111D. A firstinsulating layer
131 may be formed on the semiconductor layer 111. The first
insulating layer 131 may be formed of an inorganic material
such as SiNx or SiOx, but is not limited thereto. According to
some embodiments, the first insulating layer 131 may also be
formed of an organic material.

[0046] The gate electrode 112 may be disposed on the first
insulating layer 131 to be insulated from the semiconductor
layer 111 and overlap the channel region 111C. The gate
electrode 112 may be formed of a conductive material.
Examples of the conductive material that forms the gate elec-
trode 112 may include, but is not limited to, a transparent
conductive material (such as indium tin oxide (ITO)), tita-
nium (T1), molybdenum (Mo), aluminum (Al), silver (Ag),
copper (Cu) and alloys of these materials. A voltage applied to
the first gate electrode 112 may control activation of the
channel region 111C, and the thin-film transistor TR may be
turned on or off according to the activation or deactivation of
the channel region 111C.

[0047] A second insulating layer 132 may be formed on the
gate electrode 112. The second insulating layer 132 may be
formed of the same inorganic or organic material as the first
insulating layer 131.

[0048] The source electrode 113 and the drain electrode
114 may be disposed on the second insulating layer 132. The
source electrode 113 and the drain electrode 114 may contact
the source region 111S and the drain region 111D through
first contact holes C1, respectively. In response to the activa-
tion of the channel region 111C, an electric current may flow
from the source electrode 113 to the drain electrode 114.
Then, the drain electrode 114 may allow the electric current to
flow to the first electrode 121 through a second contact hole
C2. A third insulating layer 133 may be formed on the source
electrode 113 and the drain electrode 114 to insulate and
protect the source electrode 113 and the drain electrode 114.
The third insulating layer 133 may be formed of the same
inorganic or organic material as the first insulating layer 131.
[0049] The first electrode 121 may be formed on each of the
emission regions EF of the substrate S, and the organic light-
emitting layer EL. may be formed on the first electrode 121.
Therefore, respective cross-sectional areas of the first elec-
trode 121 and the organic light-emitting layer EL. may be
substantially equal to a cross-sectional area of each of the
emission regions EF. The second electrode 122 may be
formed on the organic light-emitting layer EL and the sub-
strate S. The first electrode 121, the organic light-emitting
layer EL and the second electrode 122 may form an OLED
EML. The OLED EML may be a top-emission device which
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emits light upward. That is, light emitted from the organic
light-emitting layer EL may proceed in an upward direction
D1 of the panel 11. However, the described technology is not
limited thereto. According to some embodiments, the OLED
EML may be a bottom-emission device, and light may pro-
ceed in an opposite direction to the upward direction D1 of the
panel 11.

[0050] The first electrode 121 may be formed on the third
insulating layer 133. The first electrode 121 may be con-
nected to the drain electrode 114 of the thin-film transistor TR
by the second contact hole C2. The first electrode 121 may be
an anode of the OLED EML. The first electrode 121 may be
formed of a reflective conductive material, a transparent con-
ductive material, or a semi-transparent conductive material.
Examples of the reflective conductive material include
lithium (L1), calcium (Ca), lithium fluoride/calcium (LiF/Ca),
lithium fluoride/aluminum (LiF/Al), Al, Ag, magnesium
(Mg), and gold (Au). Examples of the transparent conductive
material include ITO, indium zinc oxide (IZO), zinc oxide
(Zn0), and indium oxide (In,O5). The semi-transparent con-
ductive material may be a co-deposition material containing
one or more of Mg and Ag or may be one or more of Mg, Ag,
Ca, Li, and Al

[0051] The organic light-emitting layer EL. may be dis-
posed on the first electrode 121. The organic light-emitting
layer EL, may emit light at a brightness level corresponding to
an electric current flowing therethrough. Specifically, holes
and electrons provided to the organic light-emitting layer EL
may combine together to form excitons. When an energy level
ofthe excitons changes from an excited state to a ground state,
the organic light-emitting layer EL may emit light corre-
sponding to the change in energy levels. The organic light-
emitting layer EL in each of the pixels PX may emit light of
one color. Depending on the organic material that forms the
organic light-emitting layer EL, the organic light-emitting
layer EL may emit red light, green light, or blue light.
[0052] The second electrode 122 may be disposed on the
organic light-emitting layer EL. The second electrode 122
may be disposed on the whole surface of the panel 11 as
illustrated in FIG. 2. However, the described technology is not
limited thereto. The second electrode 122 may be a cathode of
the organic light-emitting layer EL. The second electrode 122
may be formed thin using one or more of Mg, Ag, Ca, Li, and
Al. Thus, the second electrode 122 may allow light generated
from the organic light-emitting layer EL to travel upward
from the organic light-emitting layer EL.

[0053] Thepassivation layer f may be formed onthe second
electrode 122. The passivation layer f may be transparent
filler interposed between a sealing member (not shown) and
the substrate S. The passivation layer f may absorb external
impact and thus substantially prevent the external impact
from being delivered to the thin-film transistor TR and the
organic light-emitting layer EL on the substrate S. In addition,
the passivation layer f may suppress internal heat by absorb-
ing and cooling heat generated from the organic light-emit-
ting layer EL. The passivation layer EL, may include a first
passivation layer f1 which overlaps the organic light-emitting
layer EL and a second passivation layer f2 which does not
overlap the organic light-emitting layer EL. The structures
and characteristics of the first passivation layer f1 and the
second passivation layer f2 will now be described in detail
with reference to FIGS. 3 and 4.

[0054] FIG. 3 is a cross-sectional view of a first passivation
layer f1 and a second passivation layer f2 according to an
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embodiment of the described technology. FIG. 4 is a plan
view of the first passivation layer fl and the second passiva-
tion layer f2 shown in FIG. 2. That is, FIG. 3 is an enlarged
view of a region A, illustrating the relationship between the
first passivation layer f1 and the second passivation layer 2,
and FIG. 4 is a plan view of the panel 11 of FIG. 2 viewed
from above.

[0055] Referring to FIGS. 3 and 4, since the first passiva-
tion layer f1 substantially overlaps the organic light-emitting
layer EL, across-sectional area of the first passivation layer f1
may be substantially equal to the cross-sectional area of each
of the emission regions EF. If the OLED EML is a top-
emission type, the first passivation layer f1 may be the path
light follows when emitted from the organic light-emitting
layer EL. That is, the light may travel upward in the panel 11
and pass through the first passivation layer f1 to be emitted to
the outside of the panel 11.

[0056] Since the second passivation layer {2 does not over-
lap the organic light-emitting layer EL, the first passivation
layer f1 and the second passivation layer f2 may be arranged
alternately when viewed in a plane view. In addition, when the
panel 11 is viewed from above, the first passivation layers f1
may be arranged in a substantially matrix pattern in the sec-
ond passivation layer 2. Since the second passivation layer 2
does not overlap the organic light-emitting layer EL, it is not
a direct path for light to travel through. However, part of the
emitted light can be diffused to the second passivation layer
2. That is, portions L1, L2 and L3 of light emitted from the
organic light-emitting layer EL. may not proceed directly
upward in the panel 11 but may proceed toward the second
passivation layer 2 after passing through the first passivation
layer f1.

[0057] Here, the first passivation layer f1 may have a higher
refractive index than the second passivation layer f2. The first
passivation layer fl may include a material having a high
refractive index of about 1.6 or more. The high refractive
material may be spread over the whole surface of the first
passivation layer f1 so as to increase the overall refractive
index of the first passivation layer f1 or may be provided at a
boundary surface with the second passivation layer 2 so as to
increase the refractive index of the first passivation layer 1 at
the boundary surface. The second passivation layer f2 may
include a material having a refractive index of less than about
1.6. The material having the refractive index of less than
about 1.6 may be spread over the whole surface ofthe second
passivation layer 2 so as to decrease the overall refractive
index of the second passivation layer f2 or may be provided at
the boundary surface with the first passivation layer f1 so as to
decrease the refractive index of the second passivation layer
2 at the boundary surface.

[0058] The material having the high refractive index of
about 1.6 or more may be high refractive curable polysilicon
such as polydiaryl siloxane, methyltrimethoxysilane or tet-
ramethoxysilane. The material having the refractive index of
less than about 1.6 may be a low refractive ultraviolet-curable
acrylate polymer such as ethylhexyl acrylate, pentafluoropro-
pyl acrylate, poly(ethylene glycol) dimethacrylate or ethyl-
ene glycol dimethacrylate.

[0059] WhenlightL1, L2 or L3 moves from a high refrac-
tive medium to a low refractive medium, it may be refracted
to the low refractive medium or may be reflected to the high
refractive medium according to the difference between
refractive indices of the high and low refractive mediums.
Therefore, the light L1, L2 or L3 travelling from the first
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passivation layer f1 having a high refractive index to the
second passivation layer 2 having a low refractive index may
be refracted to the second passivation layer f2 or may be
reflected to the first passivation layer f1. The path of the light
L1,1.2 or L3 may be determined by an incidence angle 61, 62
or 03 of the light L1, L2 or L3 incident upon a boundary
surface T between the first passivation layer f1 and the second
passivation layer f2. In an example, when the incidence angle
01 is smaller than a critical angle B¢, a portion of the light L1
may be reflected at the boundary surface I, but another portion
ofthe light 1.1 may proceed to the second passivation layer f2.
Here, the critical angle 8¢ may be determined by the refractive
indices of the first passivation layer fl and the second passi-
vation layer f2. When the incidence angle 62 is equal to the
critical angle 6¢, the light L2 may not be reflected nor
refracted but may proceed along the boundary surface I.
When the incidence angle 63 is greater than the critical angle
fc, the incident light 1.3 may not be refracted to the second
passivation layer f2 but may be totally reflected at the bound-
ary surface I to proceed back into the first passivation layer f1.
Here, as the amount of totally reflected light increases, more
light can be concentrated to the first passivation layer f1.
[0060] Theabove-described structural or optical character-
istics of the passivation layer f enable the passivation layer f'to
concentrate light in the first passivation layer f1 which corre-
sponds to each of the emission regions EF. Therefore, the
passivation layer f can provide an improved light-emission
effect. Furthermore, the passivation layer f can substantially
prevent color mixture between the pixels PX by minimizing
the diffusion of light to the second passivation layer £2.
[0061] FIGS. 5 and 6 are cross-sectional views of a first
passivation layer f1 and a second passivation layer {2 accord-
ing to another embodiment.

[0062] Referring to FIGS. 5§ and 6, a cross-sectional area
UW of a top surface of the first passivation layer f1 may be
greater than a cross-sectional area BW of a bottom surface of
the first passivation layer f1. Here, the bottom surface may be
a surface of the first passivation layer f1 which contacts the
second electrode 122, and the top surface may be a surface of
the first passivation layer f1 which is exposed to the outside of
the OLED display 10. The cross-sectional area of the first
passivation layer f1 may increase from the bottom surface of
the first passivation layer f1 toward the top surface thereof.
That is, referring to FIG. 5, a boundary surface I' between the
first passivation layer f1 and the second passivation layer 2
may be an inclined surface with a predetermined slope. Alter-
natively, referring to FIG. 6, the boundary surface I' may be a
curved inclined surface whose slope increases from the bot-
tom surface of the first passivation layer f1 toward the top
surface thereof. That is, a cross-section of the first passivation
layer f1 may have an overhang structure with a reverse
inclined surface and be shaped like a reverse trapezoid.
[0063] The boundary surface I' may cause more light rays
to have greater incidence angles than a critical angle, as
compared with the boundary surface I of FIG. 4. That is, since
the boundary surface I' is inclined, light L3 or [.4 having a
greater incidence angle 03 or 04 may enter the boundary
surface I'. Therefore, the light L3 or .4 may be totally
reflected to be concentrated in the first passivation layer f1
which corresponds to each of the emission regions EF. That s,
apassivation layer faccording to the current embodiment can
provide improved light-emission efficiency by maximizing
the amount of light that is totally reflected in the first passi-
vation layer f1 and minimizing the amount of light that is sent
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to the second passivation layer f2. Furthermore, the passiva-
tion layer f can substantially prevent color mixture between
pixels.

[0064] FIG.7is a cross-sectional view of a first passivation
layer f1 and asecond passivation layer {2 according to another
embodiment.

[0065] Referring to FIG. 7, the OLED display 10 may fur-
ther include a pixel defining layer PDL. The pixel defining
layer PDL may be disposed between the organic light-emit-
ting layers EL. The pixel defining layer PDL may be formed
of the same organic or inorganic material as the first insulating
layer 131. The pixel defining layer PDL may be formed on a
region of the third insulating layer 133 which corresponds to
each of thenon-emission regions NF, thereby defining each of
the emission regions EF.

[0066] The pixel defining layer PDL may be formed at an
angle to the organic light-emitting layer EL and may be
stacked to a height h2 greater than a height h1 to which the
organic light-emitting layer EL is stacked. That is, the pixel
defining layer PDL may slope at a predetermined angle 6p to
the organic light-emitting layer EL. A portion of light emitted
from the organic light-emitting layer EL. may proceed to a
boundary surface I along the slope of the pixel defining layer
PDL. Here, an incidence angle of the portion of the light at the
boundary surface I may be equal to the angle 6p. The angle 6p
may be greater than a critical angle 6¢ determined by refrac-
tive indices of the first passivation layer f1 and the second
passivation layer 2. Therefore, the incidence angle 6p of the
portion of the light at the boundary surface I may be greater
than the critical angle 8¢, and the portion of the light may be
totally reflected to the first passivation layer f1. That is, the
pixel defining layer PDL may concentrate more light to the
first passivation layer f1 by guiding emitted light to have an
incidence angle greater than the critical angle 6¢. This can
further improve the light-emission efficiency of the organic
light-emitting layer EL.

[0067] FIG. 8 is a cross-sectional view of a panel 31 of an
OLED display according to another embodiment.

[0068] Referring to FIG. 8, the panel 31 of the OLED
display may further include a color filter CF formed on a
passivation layer f. The color filter CF may include a filter
layer C formed on a first passivation layer f1 and a black
matrix BM formed on a second passivation layer f2. The filter
layer C may correspond to each of emission regions. EF, and
the black matrix BM may correspond to each of non-emission
regions NF.

[0069] The filter layer C may convert a color of light that
passes through the filter layer C into a color of the filter layer
C. The light may be white light w. The filter layer C may have
any one of red, green and blue colors which are three primary
colors of light. However, the described technology is not
limited thereto. In some embodiments, the filter layer C may
have any one of cyan, magenta and yellow which are comple-
mentary colors of red, green and blue. In some embodiments,
the color filter CF may further include a transparent filter
layer C that allows the white light w to pass therethrough
without a change in order to improve its ability to express
bright colors.

[0070] Theblack matrix BM may block light incident to the
second passivation layer 2 from being emitted to the outside
ofthe panel 31. That is, the black matrix BM can substantially
prevent color mixture between pixels PX and define the filter
layer C.
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[0071] An organic light-emitting layer EL. may emit the
white light w upward, and the white light w may be converted
into the color of the filter layer C as it passes through the filter
layer C. As described above, a portion of emitted light may be
totally reflected to the first passivation layer f1 at a boundary
surface between the first passivation layer f1 and the second
passivation layer f2. Therefore, it is possible to substantially
prevent the diffusion of the portion of the light and concen-
trate the portion of the light to the first passivation f1, thereby
improving light-emission efficiency. In addition, another por-
tion of the emitted light may be refracted at the boundary
surface between the first passivation layer f1 and the second
passivation layer {2 to the black matrix BM formed on the
second passivation layer f2. Therefore, the OLED display can
substantially prevent color mixture between the pixels PX
more effectively.

[0072] Other elements of the OLED display which are sub-
stantially the same as those of the OLED display 10 described
above with reference to FIGS. 1 through 7 are identified by
the same names and will not be described.

[0073] FIG. 9 is a cross-sectional view of a panel 41 of an
OLED display according to another embodiment.

[0074] Referring to FIG. 9, the panel 41 of the OLED
display may further include a filter layer C formed on a first
passivation layer f1. The filter layer C is substantially the
same as the filter layer C of the OLED display of FIG. 8, and
thus a description thereof will be omitted.

[0075] An organic light-emitting layer EL. may emit white
light w upward, and the white light w may be converted into
acolor of the filter layer C as it passes through the filter layer
C.

[0076] A cross-sectional area of the first passivation layer
fl may increase from a bottom surface of the first passivation
layer f1 toward a top surface thereof, and a boundary surface
ofthe first passivation layer {1 with a second passivation layer
f2 may be inclined. Here, the cross-sectional area of the
bottom surface of the first passivation layer f1 may be sub-
stantially equal to a cross-sectional area of each of emission
regions EF and a cross-sectional area of the organic light-
emitting layer EL.

[0077] The inclined boundary surface may provide an inci-
dence angle that causes most light to be totally reflected to the
first passivation layer f1 and may minimize the amount of
light sent to the second passivation layer f2. Therefore, since
light can be concentrated to the first passivation layer fl,
light-emission efficiency can be increased. In addition, since
most of the light sent to the second passivation layer f2 can be
blocked, color mixture between pixels PX can be substan-
tially prevented. That is, even without a black matrix BM, the
second passivation layer f2 stacked to a height substantially
equal to a top surface of the filter layer C can define the filter
layer C.

[0078] The OLED display according to the current embodi-
ment can increase light-emission efficiency by concentrating
emitted light to the first passivation layer f1 and can increase
an aperture ratio by not including the black matrix BM.
[0079] Other elements of the OLED display which are sub-
stantially the same as those of the OLED display 10 described
above with reference to FIGS. 1 through 7 are identified by
the same names and will not be described.

[0080] A method of manufacturing the above OLED dis-
plays will hereinafter be described in detail.

[0081] FIG. 10is aflowchartillustrating a method of manu-
facturing an OLED display according to an embodiment.



US 2015/0008399 A1

[0082] Referring to FIG. 10, the method of manufacturing
the OLED display includes preparing a first substrate and a
second substrate (operation S110), bonding the first substrate
and the second substrate together (operation S120), and form-
ing a first passivation layer and a second passivation layer
(operation S130).

[0083] First, a first substrate S1 and a second substrate S2
are prepared (operation S110).

[0084] The first substrate S1 may be formed of an insulat-
ing material. In an example, the first substrate S1 may be
formed of glass, quartz, ceramic or plastic. The first substrate
S1 may support other elements placed thereon. The first sub-
strate S1 may include non-emission regions NF and emission
regions EF. In addition, the first substrate S1 may include a
thin-film transistor TR formed on each of the non-emission
regions NF and an OLED EML formed on each of the emis-
sion regions EF.

[0085] In the preparing of the first substrate S1, the thin-
film transistor TR may be formed on each of the non-emission
regions NF, and an organic light-emitting layer EL, may be
formed on each of the emission regions EF. The thin-film
transistor TR may include a semiconductor layer 111, a gate
electrode 112, a drain electrode 114 and a source electrode
113, and the OLED EML may include a first electrode 121,
the organic light-emitting layer EL, and a second electrode
122. Here, the organic light-emitting layer EL may corre-
spond to each of the emission regions EF. That is, a cross-
sectional area of the organic light-emitting layer EL, may be
substantially equal to a cross-sectional area of each of the
emission regions EF.

[0086] The above elements may be formed by a photoli-
thography process using a photomask. The photolithography
process may include a series of processes including exposing
using an exposure device (not shown), developing, etching,
and stripping or ashing.

[0087] In some embodiments, the preparing of the first
substrate S1 may further include forming a buffer layer on the
first substrate S1 to substantially prevent diffusion of impu-
rity ions, substantially prevent penetration of moisture and
outside air, and planarize the surface of the substrate S1.
[0088] The second substrate S2 may be an encapsulation
substrate for sealing the first substrate S1. That is, the second
substrate S1 may substantially prevent penetration of external
impurities and moisture into the first substrate S1. The second
substrate S2 may be a glass substrate or a plastic substrate
formed of various plastic materials such as acrylic. In a top-
emission OLED display, the second substrate S2 may be an
electrically insulating material having high transmittance for
light generated from the organic light-emitting layer EL. Inan
example, the second substrate S2 may include transparent
glass (such as alkali glass or alkali-free gas), transparent
ceramics (such as polyethylene terephthalate, polycarbonate,
polyether sulfone, polyvinyl fluoride (PVF), polyacrylate or
zirconia), or quartz.

[0089] Next, the first substrate S1 and the second substrate
S2 are bonded together (operation S120). This will be
described in detail with reference to FIG. 11.

[0090] FIG. 11 is a cross-sectional view illustrating the
bonding of the first substrate and the second substrate (opera-
tion $120) in the manufacturing method of FIG. 10.

[0091] Referring to FIG. 11, filler f may be placed between
the first substrate S1 and the second substrate S2, and then the
first substrate S1 and the second substrate S2 may be bonded
together. The first substrate S1 and the second substrate S2
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may be bonded together by an encapsulant (not shown). The
encapsulant (not shown) may be placed between the first
substrate S1 and the second substrate S2. The encapsulant
(not shown) may be fit which is gel-state glass obtained by
adding organic matter to powder-state glass. The encapsulant
may be cured with laser irradiation to solidify the encapsu-
lant, thereby bonding the first substrate S1 and the second
substrate S2 together.

[0092] The filler f may be placed in a space formed by the
first substrate S1, the second substrate S2 and the encapsu-
lant. Since the filler ffills the space as it is cured, it can protect
devices formed on the first substrate S1 from external impact.
The filler f may include a high refractive material H and a low
refractive material L. That is, the filler f contains a mixture of
the high refractive material H and the low refractive material
L which are movable. The high refractive material H may
include high refractive curable monomers such as polydiar-
ylsiloxane, methyltrimethoxysilane or tetramethoxysilane.
The low refractive material L may include ultraviolet-curable
monomers such as ethylhexyl acrylate, pentafluoropropyl
acrylate, poly(ethylene glycol) dimethacrylate, or ethylene
glycol dimethacrylate. The high refractive material H may be
cured to form a first passivation layer f1, and the low refrac-
tive material [ may be cured to form a second passivation
layer 2. The formation of the first passivation layer f1 and the
second passivation layer {2 will be described below.

[0093] Finally, the first passivation layer f1 and the second
passivation layer f2 are formed (operation S130). This will be
described with reference to FIGS. 12 and 13.

[0094] FIGS. 12 and 13 are cross-sectional views illustrat-
ing the forming of the first passivation layer f1 and the second
passivation layer f2 (operation S130) in the manufacturing
method of FIG. 10. The forming of the first passivation layer
fl and the second passivation layer {2 may be achieved by
selective ultraviolet irradiation. Referring to FIG. 12, a mask
may include light-transmitting portions Mb which transmit
light 100% and light-blocking portions Ma which block light
100%, that is, have a light transmittance of 0%. A cross-
sectional area of each of the light-transmitting portions Mb
may be substantially equal to the cross-sectional area of each
of the non-emission regions NF of the first substrate S1, and
a cross-sectional area of each of the light-blocking portions
Ma may be substantially equal to the cross-sectional area of
each of the emission regions EF of the first substrate S1.
Therefore, the cross-sectional area of each of the light-block-
ing portions Ma may be substantially equal to the cross-
sectional area of the organic light-emitting layer EL. The
mask M may be placed over the OLED display such that
regions with substantially equal cross-sectional areas are
aligned with each other.

[0095] Ultraviolet light UV may be irradiated toward the
OLED display from above the mask M. The ultraviolet light
UV may transmit through the light-transmitting portions Mb
and the transparent second substrate S2 to reach the filler f.
Accordingly, the ultraviolet light UV may be irradiated only
to ultraviolet irradiation regions U1 of the filler f. The ultra-
violetirradiation regions U1 of the filler f may correspond not
only to the light-transmitting portions Mb but also to the
non-emission regions NF. Low refractive ultraviolet-curable
monomers of the ultraviolet irradiation regions U1 may poly-
merize to form a low refractive ultraviolet-curable polymer.
This polymerization may occur serially, and the high refrac-
tive material H may move to ultraviolet non-irradiation
regions U2 as the above low refractive polymer occupies most



US 2015/0008399 A1

of the ultraviolet irradiation regions Ul. In addition, low
refractive ultraviolet-curable monomers of the ultraviolet
non-irradiation regions U2 may move to the ultraviolet irra-
diation regions Ul so as to participate in polymerization.
Each of theultraviolet irradiation regions Ul may become the
second passivation layer f2 which is formed of a polymer of
the low refractive material L. After the formation of the sec-
ond passivation layer f2, each of the ultraviolet non-irradia-
tion regions U2 may become the first passivation layer f1,
which is formed of a high refractive material, through poly-
merization between the high refractive materials H. The first
passivation layer f1 may be formed on each of the emission
regions EF and substantially overlap the organic light-emit-
ting layer EL.

[0096] That s, selective ultraviolet irradiation may resultin
the formation of the first passivation layer f1 which substan-
tially overlaps the organic light-emitting layer EL, and the
second passivation layer f2 which does not overlap the
organic light-emitting layer EL, as illustrated in FIG. 13. In
the manufacturing method according to the current embodi-
ment, the second passivation layer {2 is formed before the first
passivation layer f1. However, the described technology is not
limited thereto. In some embodiments, the first passivation
layer f1 may be formed by selective ultraviolet irradiation,
and then the second passivation layer {2 may be formed
between the first passivation layers f1. In this case, the high
refractive material H may be cured first.

[0097] The first passivation layer 1 may include a material
having a refractive index of about 1.6 or more, and the second
passivation layer f2 may include a material having a refractive
index ofless than about 1.6, That is, the refractive index of the
first passivation layer f1 may be higher than the refractive
index of the second passivation layer 2. Accordingly, since
light emitted from the organic light-emitting layer EL can be
concentrated to the emission regions EF as described above,
it is possible to enhance light-emission efficiency and sub-
stantially prevent color mixture between pixels PX.

[0098] In some embodiments, the preparing of the second
substrate S2 (operation S110) may further include forming a
color filter CF on the second substrate S2. Here, the color
filter CF may include a filter layer C which corresponds to
each of the emission regions EF of the first substrate S1 and a
black matrix BM which corresponds to each of the non-
emission regions NF to define the filter layer C. In the forming
of the first passivation layer f1 and the second passivation
layer {2 (operation S130), selective ultraviolet irradiation can
be performed using the color filter CF, not using a mask. That
is, selective ultraviolet irradiation can be performed using the
black matrix BM as each of the light-blocking portions Ma
and the filter layer C as each of the light-transmitting portions
Mb. In this case, the high refractive material H may be cured
first to form the first passivation layer f1, and the low refrac-
tive material I may form the second passivation layer f2
between the first passivation layers f1. Since a cross-sectional
area of the filter layer C is substantially equal to the cross-
sectional area of each of the emission regions EF and the
cross-sectional area of the organic light-emitting layer EL,
the first passivation layer f1 may substantially overlap the
organic light-emitting layer EL.

[0099] In some embodiments, the preparing of the second
substrate S2 (operation S110) may further include forming a
filter layer C on the second substrate S2 to correspond to each
of the emission regions EF of the first substrate S1. In addi-
tion, the forming of the second passivation layer {2 (operation
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S130) may further include forming the second passivation
layer 2 to a height equal to a top surface of the filter layer C
such that the filter layer C can be defined by the second
passivation layer 2.

[0100] FIG. 14 is aflowchartillustrating a method of manu-
facturing an OLED display according to another embodi-
ment.

[0101] Referring to FIG. 14, the method of manufacturing
the OLED display includes preparing a first substrate and a
second substrate (operation S210), forming a second passi-
vation layer (operation S220), bonding the first substrate and
the second substrate together (operation 5230), and forming a
first passivation layer (operation S240).

[0102] First, the first substrate and the second substrate are
prepared (operation S210). The preparing of the first substrate
and the second substrate (operation S210) is substantially the
same as the preparing of the first substrate and the second
substrate (operation S110) in the manufacturing method
according to the previous embodiment, and thus a detailed
description thereof will be omitted.

[0103] Next, the second passivation layer is formed (opera-
tion S220). This will be described in detail with reference to
FIG. 15.

[0104] FIG. 15 is a cross-sectional view illustrating the
forming of the second passivation layer (operation S220) in
the manufacturing method of FIG. 14.

[0105] A second passivation layer 2 may be formed only
on each of non-emission regions NF of a first substrate S1.
The second passivation layer f2 may be formed on each of the
non-emission regions NF by a lithography process using pho-
toresist or a laser ablation process using laser beam irradia-
tion. That is, the second passivation layer {2 may be spread
over the whole surface of the first substrate S1 and then cured.
In this state, regions of the second passivation layer £2 which
correspond to the non-emission regions NF may be left unre-
moved, and the other regions of the second passivation layer
2 may be removed by anisotropic etching. Here, since the
second passivation layer f2 is formed on each of the non-
emission regions NF, it may not overlap an organic light-
emitting layer EL formed on each of emission regions EF.
[0106] The second passivation layer f2 may include a mate-
rial having a refractive index of less than about 1.6. The
material having the refractive index ofless than about 1.6 may
be a low refractive ultraviolet-curable polymer such as ethyl-
hexyl acrylate, pentafluoropropyl acrylate, poly(ethylene
glycol) dimethacrylate or ethylene glycol dimethacrylate.
[0107] In the current embodiment, the second passivation
layer 2 is formed on the first substrate S1 before a first
passivation layer f1. However, the described technology is not
limited thereto. In some embodiments, the first passivation
layer f1 may be formed on the first substrate S1 before the
second passivation layer f2, or the first passivation layer f1
and the second passivation layer 2 may be filmed on a second
substrate S2.

[0108] Next, the first substrate and the second substrate are
bonded together (operation S230).

[0109] Filler may be spread on each of the emission regions
EF of the first substrate S1. That is, the filler may be spread
between the second passivation layers f2. The filler may
include monomers of a high refractive material.

[0110] The first substrate S1 and the second substrate S2
may be bonded together with an encapsulant (not shown). The
encapsulant (not shown) may be placed between the first
substrate S1 and the second substrate S2. The encapsulant
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(not shown) may be fit which is gel-state glass obtained by
adding organic matter to powder-state glass. The encapsulant
may be cured with laser irradiation to solidify the encapsu-
lant, thereby bonding the first substrate S1 and the second
substrate S2 together.

[0111] Finally, the first passivation layer {1 is formed (op-
eration S240). This will be described with reference to FIG.
16.

[0112] FIG. 16 is a cross-sectional view illustrating the
forming of the first passivation layer (operation S240) in the
manufacturing method of FI1G. 14.

[0113] Referring to FIG. 16, the filler spread on each of the
emission regions EF of the first substrate S1 may be cured to
form the first passivation layer f1. That is, monomers of a high
refractive material contained in the filler may be cured into a
polymer, and the first passivation layer f1 including the high
refractive polymer may be formed. The high refractive poly-
mer may be a material having a refractive index of about 1.6
or more. The material having the high refractive index of
about 1.6 or more may be high refractive curable polysilicon
such as polydiaryl siloxane, methyltrimethoxysilane or tet-
ramethoxysilane.

[0114] Thefirstpassivation layer 11 may be formed on each
of the emission regions EF, and the second passivation layer
2 may be formed on each of the non-emission regions NF.
The refractive index of the first passivation layer f1 may be
higher than the refractive index of the second passivation
layer f2. Accordingly, since light emitted from the organic
light-emitting layer EL can be concentrated in the emission
regions EF as described above, it is possible to enhance light-
emission efficiency and substantially prevent color mixture
between pixels.

[0115] In some embodiments, the preparing of the second
substrate S2 (operation S210) may further include forming a
color filter CF on the second substrate S2. Here, the color
filter CF may include a filter layer C which corresponds to
each of the emission regions EF of the first substrate S1 and a
black matrix BM which corresponds to each of the non-
emission regions NF to define the filter layer C.

[0116] In some embodiments, the preparing of the second
substrate S2 (operation S210) may further include forming a
filter layer C on the second substrate S2 to correspond to each
of the emission regions EF of the first substrate S1. In addi-
tion, the forming of the second passivation layer f2 (operation
S220) may further include forming the second passivation
layer 2 to a height substantially equal to a top surface of the
filter layer C such that the filter layer C can be defined by the
second passivation layer f2.

[0117] FIG. 17 is a cross-sectional view illustrating the
forming of the second passivation layer in a method of manu-
facturing an OLED display according to another embodi-
ment.

[0118] The forming of the second passivation layer in the
manufacturing method according to the current embodiment
may further include removing a region of a second passiva-
tion layer f2 to form an inclined boundary surface between a
first passivation layer f1 and the second passivation layer 2
after forming the second passivation layer {2 to correspond to
each of non-emission regions NF. The region of the second
passivation layer 2 may be removed by, e.g., isotropic etch-
ing.

[0119] A cross-sectional area BW of a bottom surface of the
second passivation layer f2 may be greater than a cross-
sectional area UW of a top surface of the second passivation
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layer f2. Here, the bottom surface may be a surface of the
second passivation layer f2 which contacts a first substrate S1.
Therefore, a cross-sectional area of the second passivation
layer {2 may decrease from the bottom surface of the second
passivation layer f2 toward the top surface thereof. The
inclined boundary surface may cause more light to have an
incidence angle greater than a critical angle, compared with a
vertical boundary surface. That is, light having an incidence
angle greater than a critical angle 6¢c may enter the boundary
surface and then be totally reflected to the first passivation
layer f1 which corresponds to each of emission regions EF.
Accordingly, the amount of light that is sent to the second
passivation layer f2 can be minimized, and more light can be
concentrated to the emission regions EF. This can further
improve light-emission efficiency.

[0120] According to some embodiments, at least one of the
following advantages may be provided.

[0121] Light-emission efficiency of an OLED display can
be improved.
[0122] In addition, it is possible to substantially prevent

color mixture between pixels.

[0123] However, the effects of the described technology are
not restricted to those set forth herein. The above and other
effects of the described technology will become more appar-
ent to one of ordinary skill in the art to which the described
technology pertains by referencing the accompanying claims.
[0124] While the described technology has been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of ordi-
nary skill in the art that various changes in form and details
may be made therein without departing from the spirit and
scope of the described technology as defined by the following
claims. It is therefore desired that the described embodiments
be considered in all respects as illustrative and not restrictive,
reference being made to the appended claims rather than the
foregoing description to indicate the scope of the invention.

What is claimed is:

1. An organic light-emitting diode (OLED) display com-
prising:

a substrate comprising non-emission regions and emission

regions;

a first electrode formed over each of the emission regions;

a first organic light-emitting layer formed over the first

electrode;

a second electrode formed over the first organic light-

emitting layer and the substrate; and

first and second passivation layers formed over the second

electrode and having first and second refractive indexes,
respectively, wherein the first refractive index is greater
than the second refractive index,

wherein the first passivation layer substantially overlaps

the first organic light-emitting layer and the second pas-
sivation layer does not overlap the first organic light-
emitting layer.

2. The OLED display of claim 1, wherein the first refractive
index is greater than about 1.6, and wherein the second refrac-
tive index is less than about 1.6.

3. The OLED display of claim 2, wherein the first passiva-
tion layer is formed at least of a high refractive curable poly-
silicon, and wherein the second passivation layer is formed at
least of a low refractive ultraviolet-curable polymer.

4. The OLED display of claim 1, further comprising a pixel
defining layer formed between the first organic light-emitting
layer and a second organic light-emitting layer, wherein the
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pixel defining layer forms an angle with respect to the first
organic light-emitting layer and is configured to guide light
emitted from the first organic light-emitting layer along a
slope thereof.

5. The OLED display of claim 1, wherein a cross-sectional
area of a top surface of the first passivation layer is greater
than a cross-sectional area of a bottom surface of the first
passivation layer.

6. The OLED display of claim 5, wherein a cross-sectional
area of the first passivation layer increases from the bottom
surface toward the top surface.

7. The OLED display of claim 1, wherein the first organic
light-emitting layer is configured to emit white light, wherein
the OLED display further comprises a color filter formed over
the first and second passivation layers, and wherein the color
filter comprises a filter layer formed over the first passivation
layer and a black matrix formed over the second passivation
layer to define the filter layer.

8. The OLED display of claim 1, wherein the first organic
light-emitting layer is configured to emit white light, wherein
the OLED display further comprises a filter layer formed over
the first passivation layer, wherein a cross-sectional area of
the first passivation layer increases from a bottom surface of
the first passivation layer toward a top surface thereof, and
wherein the second passivation layer is stacked to a height
substantially equal to a top surface of the filter layer so as to
define the filter layer.

9. A method of manufacturing an organic light-emitting
diode (OLED) display, the method comprising:

providing a first substrate comprising an organic light-

emitting layer;

providing a second substrate which substantially seals the

first substrate;

placing filler between the first and second substrates;

bonding the first and second substrates; and

forming 1) a first passivation layer to substantially overlap

the organic light-emitting layer and ii) a second passi-
vation layer, wherein the second passivation layer does
not overlap the organic light-emitting layer,

wherein the first and second passivation layers have first

and second refractive indexes, respectively, and wherein
the first refractive index is greater than the second refrac-
tive index.

10. The method of claim 9, wherein the filler comprises a
high refractive material and a low refractive material, and the
forming comprises 1) curing the low refractive material with
ultraviolet radiation to form the second passivation layer, and
ii) curing the high refractive material between the second
passivation layer and another second passivation layer to
form the first passivation layer.

11. The method of claim 10, wherein the first refractive
index is greater than about 1.6, and wherein the second refrac-
tive index is less than about 1.6.
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12. The method of claim 9, wherein the providing of the
second substrate comprises forming a color filter over the
second substrate, wherein the color filter comprises a filter
layer corresponding to the first passivation layer and a black
matrix corresponding to the second passivation layer to define
the filter layer.

13. The method of claim 9, wherein the providing of the
second substrate comprises forming a filter layer over the
second substrate to cotrespond to the first passivation layer,
and wherein the filter layer is defined by the second passiva-
tion layer.

14. A method of manufacturing an organic light-emitting
diode (OLED) display, the method comprising:

providing a first substrate comprising an organic light-

emitting layer;

providing a second substrate to substantially seal the first

substrate;
forming a second passivation layer over the first substrate,
wherein the second passivation layer does not overlap
the organic light-emitting layer, wherein the first and
second passivation layers have first and second refrac-
tive indexes, respectively, and wherein the first refractive
index is greater than the second refractive index;

placing filler between the second passivation layer and
another second passivation layer and bonding the first
and second substrates; and

curing the filler to form a first passivation layer.

15. The method of claim 14, wherein the first refractive
index is greater than about 1.6, and wherein the second refrac-
tive index is less than about 1.6.

16. The method of claim 15, wherein the first passivation
layer 1s formed at least of a high refractive curable polysili-
con, and wherein the second passivation layer is formed at
least of a low refractive ultraviolet-curable polymer.

17. The method of claim 14, wherein a cross-sectional area
of a bottom surface of the second passivation layer is greater
than a cross-sectional area of a top surface of the second
passivation layer.

18. The method of claim 17, wherein a cross-sectional area
of the second passivation layer decreases from the bottom
surface toward the top surface.

19. The method of claim 14, wherein the providing of the
second substrate comprises forming a color filter over the
second substrate, and wherein the color filter comprises a
filter layer corresponding to the first passivation layer and a
black matrix corresponding to the second passivation layer to
define the filter layer.

20. The method of claim 14, wherein the providing of the
second substrate comprises forming a filter layer over the
second substrate to correspond to the first passivation layer,
and wherein the filter layer is defined by the second passiva-
tion layer.
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