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(54) Organic light emitting display and method of fabricating the same

(57) An organic light emitting display in which differ-
ential pressure is controlled to prevent Newton’s rings
from being generated and a method of fabricating the
same. The organic light emitting display includes a first
substrate including a pixel region in which at least one
organic light emitting diode (OLED) is formed and a non-

pixel region, a second substrate attached to one region
including the pixel region of the first substrate, and a frit
provided between the non-pixel region of the first sub-
strate and the second substrate. At least one of the first
substrate and the second substrate is formed to be con-
vex or concave outward.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an organic light
emitting display and a method of fabricating the same,
and more particularly, to an organic light emitting display
in which differential pressure is controlled to prevent
Newton’s rings from being generated and a method of
fabricating the same.

2. Description of the Related Technology

[0002] Recently, organic light emitting displays have
been widely used due to their relatively simple structure.
The organic light emitting display is a self-emission dis-
play in which an organic layer is used as an emission
layer. Since the organic light emitting display does not
need a back-light for emitting light unlike a liquid crystal
display (LCD), the thickness and weight of the organic
light emitting display are small. Therefore, the organic
light emitting display has been actively developed as a
display panel for portable electronic devices such as port-
able computers, mobile telephones, portable game ap-
paratus, and electronic books.
[0003] In an organic light emitting display, one or more
organic layers including an emission layer are interposed
between first electrodes and second electrodes. The first
electrodes are formed on a substrate and function as
anodes for injecting holes. The organic layers are formed
on the first electrodes. Second electrodes that function
as cathodes for injecting electrons are formed on the or-
ganic layers to face the first electrodes.
[0004] When moisture and oxygen are permeated
from the outside to organic light emitting diodes (OLED)
in the organic light emitting display, the electrodes are
oxidized and separated from each other. In such a case,
the life of the OLEDs is reduced, and emission efficiency
deteriorates. In addition, emission colors may change.
[0005] Therefore, in the fabrication of the organic light
emitting display, a sealing process for protecting the
OLEDs from the outside may be performed. In one meth-
od, a polymer such as polyethyleneteraphthlate (PET)
may be laminated on the cathodes of the OLEDs. In an-
other method, a cover or a cap formed of a metal or glass
includes an absorbent. In addition, a nitrogen gas may
be filled in the cover or the cap. The edges of the cover
or the cap may be capsule sealed by a sealant such as
an epoxy resin.
[0006] However, since it is not possible to completely
prevent moisture and oxygen from permeating into the
OLEDs from the outside by the above-described meth-
ods, the OLEDs may deteriorate and change.
[0007] In order to solve the above problem, a capsule
sealing up method has been proposed in which a frit is
used as a sealing material in order to improve a moisture-

proof property between an element substrate and a cap.
In this vein, U.S. Patent Publication No. 20040207314
discloses coating a glass substrate with a frit to seal up
an OLED. Since a gap between a first substrate and a
second substrate is completely sealed up using the frit,
it is possible to protect the OLED effectively in the dis-
closed structures.
[0008] In such structures where the OLED is sealed
up using a sealing substrate coated with the frit, the dis-
tance between the substrate and the sealing substrate
is smaller than the distance between the substrate and
the sealing substrate in a structure where an absorbent
is used. Also, in manufacturing an organic light emitting
display sealed with frit, a plurality of display panels are
simultaneously fabricated on a mother substrate. In such
a case, the mother substrate is typically cut into individual
unit display panels. The center of the substrate curves
down due to the weight of the substrate.
[0009] In such an OLED, light incident on the substrate
from the outside generates optical interference to form
concentric rings at connection points of the sealing sub-
strate. These concentric rings are referred to as Newton’s
rings. The phenomenon of Newton’s rings is an interfer-
ence pattern caused by the reflection of light between
two surfaces: a spherical surface and an adjacent flat
surface. It appears as a series of concentric, alternating
light and dark rings centered at the point of contact be-
tween the two surfaces. The Newton’s rings deteriorate
the quality of an image during the operation of OLEDs.
[0010] The discussion in this section is to provide back-
ground of the related technology, and does not constitute
an admission of prior art.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0011] The present invention sets out to solve the
above problems and accordingly provides an organic
light emitting display device as set out in claim 1 and a
method of making an organic light emitting display device
as set out in claim 14. Preferred features of the invention
are set out in claims 2 to 13 and 15 to 23.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Embodiments of the invention will be described
by way of example and with reference to the accompa-
nying drawings in which:
[0013] FIG. 1 is a schematic cross-sectional view illus-
trating an organic light emitting display according to a
first embodiment of the invention;
[0014] FIGs. 2A to 2E are schematic cross-sectional
views illustrating a method of fabricating the organic light
emitting display of FIG. 1;
[0015] FIG. 3 is a schematic cross-sectional view illus-
trating the angle of the curvature of the second substrate
according to the first embodiment;
[0016] FIG. 4 is a schematic cross-sectional view illus-
trating an organic light emitting display according to a
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second embodiment;
[0017] FIGS. 5A to 5E are schematic cross-sectional
views illustrating a method of fabricating the organic light
emitting display of FIG. 4;
[0018] FIG. 6 is a schematic cross-sectional view illus-
trating the angle of the curvature of the second substrate
according to the second embodiment;
[0019] FIG. 7A is a schematic exploded view of a pas-
sive matrix type organic light emitting display device;
[0020] FIG. 7B is a schematic exploded view of an ac-
tive matrix type organic light emitting display device;
[0021] FIG. 7C is a schematic top plan view of an or-
ganic light emitting display device;
[0022] FIG. 7D is a cross-sectional view of the organic
light emitting display device of FIG. 7C, taken along the
line d-d; and
[0023] FIG. 7E is a schematic perspective view illus-
trating mass production of organic light emitting devices.

DETAILED DESCRIPTION OF CERTAIN INVENTIVE 
EMBODIMENTS

[0024] An organic light emitting display (OLED) is a
display device comprising an array of organic light emit-
ting diodes. Organic light emitting diodes are solid state
devices which include an organic material and are adapt-
ed to generate and emit light when appropriate electrical
potentials are applied.
[0025] OLEDs can be generally grouped into two basic
types dependent on the arrangement with which the stim-
ulating electrical current is provided. Fig. 7A schemati-
cally illustrates an exploded view of a simplified structure
of a passive matrix type OLED 1000. Fig. 7B schemati-
cally illustrates a simplified structure of an active matrix
type OLED 1001. In both configurations, the OLED 1000,
1001 includes OLED pixels built over a substrate 1002,
and the OLED pixels include an anode 1004, a cathode
1006 and an organic layer 1010. When an appropriate
electrical current is applied to the anode 1004, electric
current flows through the pixels and visible light is emitted
from the organic layer.
[0026] Referring to Fig. 7A, the passive matrix OLED
(PMOLED) design includes elongate strips of anode
1004 arranged generally perpendicular to elongate strips
of cathode 1006 with organic layers interposed therebe-
tween. The intersections of the strips of cathode 1006
and anode 1004 define individual OLED pixels where
light is generated and emitted upon appropriate excita-
tion of the corresponding strips of anode 1004 and cath-
ode 1006. PMOLEDs provide the advantage of relatively
simple fabrication.
[0027] Referring to Fig. 7B, the active matrix OLED
(AMOLED) includes driving circuits 1012 arranged be-
tween the substrate 1002 and an array of OLED pixels.
An individual pixel of AMOLEDs is defined between the
common cathode 1006 and an anode 1004, which is elec-
trically isolated from other anodes. Each driving circuit
1012 is coupled with an anode 1004 of the OLED pixels

and further coupled with a data line 1016 and a scan line
1018. The scan lines 1018 supply scan signals that select
rows of the driving circuits, and the data lines 1016 supply
data signals for particular driving circuits. The data sig-
nals and scan signals stimulate the local driving circuits
1012, which excite the anodes 1004 so as to emit light
from their corresponding pixels.
[0028] In the illustrated AMOLED, the local driving cir-
cuits 1012, the data lines 1016 and scan lines 1018 are
buried in a planarization layer 1014, which is interposed
between the pixel array and the substrate 1002. The
planarization layer 1014 provides a planar top surface
on which the organic light emitting pixel array is formed.
The planarization layer 1014 may be formed of organic
or inorganic materials, and formed of two or more layers
although shown as a single layer. The local driving cir-
cuits 1012 are typically formed with thin film transistors
(TFT) and arranged in a grid or array under the OLED
pixel array. The local driving circuits 1012 may be at least
partly made of organic materials, including organic TFT.
AMOLEDs have the advantage of fast response time im-
proving their desirability for use in displaying data signals.
Also, AMOLEDs have the advantages of consuming less
power than passive matrix OLEDs.
[0029] Referring to common features of the PMOLED
and AMOLED designs, the substrate 1002 provides
structural support for the OLED pixels and circuits. The
substrate 1002 can comprise rigid or flexible materials
as well as opaque or transparent materials, such as plas-
tic, glass, and/or foil. As noted above, each OLED pixel
or diode is formed with the anode 1004, cathode 1006
and organic layer 1010 interposed therebetween. When
an appropriate electrical current is applied to the anode
1004, the cathode 1006 injects electrons and the anode
1004 injects holes. In certain cases, the anode 1004 and
cathode 1006 are inverted; i.e., the cathode is formed on
the substrate 1002 and the anode is opposingly ar-
ranged.
[0030] Interposed between the cathode 1006 and an-
ode 1004 are one or more organic layers. More specifi-
cally, at least one emissive or light emitting layer is inter-
posed between the cathode 1006 and anode 1004. The
light emitting layer may comprise one or more light emit-
ting organic compounds. Typically, the light emitting layer
is configured to emit visible light in a single color such as
blue, green, red or white. In the illustrated st, one organic
layer 1010 is formed between the cathode 1006 and an-
ode 1004 and acts as a light emitting layer. Additional
layers, which can be formed between the anode 1004
and cathode 1006, can include a hole transporting layer,
a hole injection layer, an electron transporting layer and
an electron injection layer.
[0031] Hole transporting and/or injection layers can be
interposed between the light emitting layer 1010 and the
anode 1004. Electron transporting and/or injecting layers
can be interposed between the cathode 1006 and the
light emitting layer 1010. The electron injection layer fa-
cilitates injection of electrons from the cathode 1006 to-
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ward the light emitting layer 1010 by reducing the work
function for injecting electrons from the cathode 1006.
Similarly, the hole injection layer facilitates injection of
holes from the anode 1004 toward the light emitting layer
1010. The hole and electron transporting layers facilitate
movement of the carriers injected from the respective
electrodes toward the light emitting layer.
[0032] In some cases, a single layer may serve both
electron injection and transportation functions or both
hole injection and transportation functions. In some cas-
es, one or more of these layers are lacking. In some struc-
tures, one or more organic layers are doped with one or
more materials that help injection and/or transportation
of the carriers. In structures where only one organic layer
is formed between the cathode and anode, the organic
layer may include not only an organic light emitting com-
pound but also certain functional materials that help in-
jection or transportation of carriers within that layer.
[0033] There are numerous organic materials that
have been developed for use in these layers including
the light emitting layer. Also, numerous other organic ma-
terials for use in these layers are being developed. In
some cases, these organic materials may be macromol-
ecules including oligomers and polymers. In some cases,
the organic materials for these layers may be relatively
small molecules. The skilled artisan will be able to select
appropriate materials for each of these layers in view of
the desired functions of the individual layers and the ma-
terials for the neighboring layers in particular designs.
[0034] In operation, an electrical circuit provides ap-
propriate potential between the cathode 1006 and anode
1004. This results in an electrical current flowing from
the anode 1004 to the cathode 1006 via the interposed
organic layer(s). The cathode 1006 provides electrons
to the adjacent organic layer 1010. The anode 1004 in-
jects holes to the organic layer 1010. The holes and elec-
trons recombine in the organic layer 1010 and generate
energy particles called "excitons." The excitons transfer
their energy to the organic light emitting material in the
organic layer 1010, and the energy is used to emit visible
light from the organic light emitting material. The spectral
characteristics of light generated and emitted by the
OLED 1000, 1001 depend on the nature and composition
of organic molecules in the organic layer(s). The compo-
sition of the one or more organic layers can be selected
to suit the needs of a particular application by one of
ordinary skill in the art.
[0035] OLED devices can also be categorized based
on the direction of the light emission. In one type referred
to as "top emission" type, OLED devices emit light and
display images through the cathode or top electrode
1006. In these devices, the cathode 1006 is made of a
material transparent or at least partially transparent with
respect to visible light. In certain cases, to avoid losing
any light that can pass through the anode or bottom elec-
trode 1004, the anode may be made of a material sub-
stantially reflective of the visible light. A second type of
OLED devices emits light through the anode or bottom

electrode 1004 and is called "bottom emission" type. In
the bottom emission type OLED devices, the anode 1004
is made of a material which is at least partially transparent
with respect to visible light. Often, in bottom emission
type OLED devices, the cathode 1006 is made of a ma-
terial substantially reflective of the visible light. A third
type of OLED devices emits light in two directions, e.g.
through both anode 1004 and cathode 1006. Depending
upon the direction(s) of the light emission, the substrate
may be formed of a material which is transparent, opaque
or reflective of visible light.
[0036] Typically an OLED pixel array 1021 comprising
a plurality of organic light emitting pixels is arranged over
a substrate 1002 as shown in Fig. 7C. The pixels in the
array 1021 are controlled to be turned on and off by a
driving circuit (not shown), and the plurality of the pixels
as a whole displays information or image on the array
1021. In certain cases, the OLED pixel array 1021 is ar-
ranged with respect to other components, such as drive
and control electronics to define a display region and a
non-display region. In these devices, the display region
refers to the area of the substrate 1002 where OLED
pixel array 1021 is formed. The non-display region refers
to the remaining areas of the substrate 1002. The non-
display region can contain logic and/or power supply cir-
cuitry. It will be understood that there will be at least por-
tions of control/drive circuit elements arranged within the
display region. For example, in PMOLEDs, conductive
components will extend into the display region to provide
appropriate potential to the anode and cathodes. In
AMOLEDs, local driving circuits and data/scan lines cou-
pled with the driving circuits will extend into the display
region to drive and control the individual pixels of the
AMOLEDs.
[0037] One design and fabrication consideration in
OLED devices is that certain organic material layers of
OLED devices can suffer damage or accelerated deteri-
oration from exposure to water, oxygen or other harmful
gases. Accordingly, it is generally understood that OLED
devices be sealed or encapsulated to inhibit exposure to
moisture and oxygen or other harmful gases found in a
manufacturing or operational environment. Fig. 7D sche-
matically illustrates a cross-section of an encapsulated
OLED device 1011 having a layout of Fig. 7C and taken
along the line d-d of Fig. 7C. In this structure, a generally
planar top plate or substrate 1061 engages with a seal
1071 which further engages with a bottom plate or sub-
strate 1002 to enclose or encapsulate the OLED pixel
array 1021. In other cases, one or more layers are formed
on the top plate 1061 or bottom plate 1002, and the seal
1071 is coupled with the bottom or top substrate 1002,
1061 via such a layer. In the illustrated device, the seal
1071 extends along the periphery of the OLED pixel array
1021 or the bottom or top plate 1002, 1061.
[0038] The seal 1071 is made of a frit material as will
be further discussed below. In various structures, the top
and bottom plates 1061, 1002 comprise materials such
as plastics, glass and/or metal foils which can provide a
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barrier to passage of oxygen and/or water to thereby pro-
tect the OLED pixel array 1021 from exposure to these
substances. At least one of the top plate 1061 and the
bottom plate 1002 are formed of a substantially transpar-
ent material.
[0039] To lengthen the life time of OLED devices 1011,
it is generally desired that seal 1071 and the top and
bottom plates 1061, 1002 provide a substantially non-
permeable seal to oxygen and water vapor and provide
a substantially hermetically enclosed space 1081. In cer-
tain applications, it is indicated that the seal 1071 of a frit
material in combination with the top and bottom plates
1061, 1002 provide a barrier to oxygen of less than ap-
proximately 10-3 cc/m2-day and to water of less than 10-6

g/m2-day. Given that some oxygen and moisture can per-
meate into the enclosed space 1081, in some cases, a
material that can take up oxygen and/or moisture is
formed within the enclosed space 1081.
[0040] The seal 1071 has a width W, which is its thick-
ness in a direction parallel to a surface of the top or bottom
substrate 1061, 1002 as shown in Fig. 7D. The width
varies among devices and ranges from about 300 Pm to
about 3000 Pm, optionally from about 500 Pm to about
1500 Pm. Also, the width may vary at different positions
of the seal 1071. In some devices, the width of the seal
1071 may be the largest where the seal 1071 contacts
one of the bottom and top substrate 1002, 1061 or a layer
formed thereon. The width may be the smallest where
the seal 1071 contacts the other. The width variation in
a single cross-section of the seal 1071 relates to the
cross-sectional shape of the seal 1071 and other design
parameters.
[0041] The seal 1071 has a height H, which is its thick-
ness in a direction perpendicular to a surface of the top
or bottom substrate 1061, 1002 as shown in Fig. 7D. The
height varies among structures and ranges from about 2
Pm to about 30 Pm, optionally from about 10 Pm to about
15 Pm. Generally, the height does not significantly vary
at different positions of the seal 1071. However, in certain
cases, the height of the seal 1071 may vary at different
positions thereof.
[0042] In the illustrated device, the seal 1071 has a
generally rectangular cross-section. In other structures,
however, the seal 1071 can have other various cross-
sectional shapes such as a generally square cross-sec-
tion, a generally trapezoidal cross-section, a cross-sec-
tion with one or more rounded edges, or other configu-
ration as indicated by the needs of a given application.
To improve hermeticity, it is generally desired to increase
the interfacial area where the seal 1071 directly contacts
the bottom or top substrate 1002, 1061 or a layer formed
thereon. The shape of the seal can be designed such
that the interfacial area can be increased.
[0043] The seal 1071 can be arranged immediately ad-
jacent the OLED array 1021, and in other cases, the seal
1071 is spaced some distance from the OLED array
1021. In certain cases, the seal 1071 comprises generally
linear segments that are connected together to surround

the OLED array 1021. Such linear segments of the seal
1071 can extend, in certain cases, generally parallel to
respective boundaries of the OLED array 1021. In other
cases, one or more of the linear segments of the seal
1071 are arranged in a non-parallel relationship with re-
spective boundaries of the OLED array 1021. In yet other
cases, at least part of the seal 1071 extends between
the top plate 1061 and bottom plate 1002 in a curvilinear
manner.
[0044] As noted above, in certain cases, the seal 1071
is formed using a frit material or simply "frit" or glass
frit," which includes fine glass particles. The frit particles
includes one or more of magnesium oxide (MgO), calci-
um oxide (CaO), barium oxide (BaO), lithium oxide
(Li2O), sodium oxide (Na2O), potassium oxide (K2O), bo-
ron oxide (B2O3), vanadium oxide (V2O5), zinc oxide
(ZnO), tellurium oxide (TeO2), aluminum oxide (Al2O3),
silicon dioxide (SiO2), lead oxide (PbO), tin oxide (SnO),
phosphorous oxide (P2O5), ruthenium oxide (Ru2O), ru-
bidium oxide (Rb2O), rhodium oxide (Rh2O), ferrite oxide
(Fe2O3), copper oxide (CuO), titanium oxide (TiO2), tung-
sten oxide (WO3), bismuth oxide (Bi2O3), antimony oxide
(Sb2O3), lead-borate glass, tin-phosphate glass, vanad-
ate glass, and borosilicate, etc. These particles range in
size from about 2 Pm to about 30 Pm, optionally about
5 Pm to about 10 Pm, although not limited only thereto.
The particles can be as large as about the distance be-
tween the top and bottom substrates 1061, 1002 or any
layers formed on these substrates where the frit seal
1071 contacts.
[0045] The frit material used to form the seal 1071 can
also include one or more filler or additive materials. The
filler or additive materials can be provided to adjust an
overall thermal expansion characteristic of the seal 1071
and/or to adjust the absorption characteristics of the seal
1071 for selected frequencies of incident radiant energy.
The filler or additive material(s) can also include inversion
and/or additive fillers to adjust a coefficient of thermal
expansion of the frit. For example, the filler or additive
materials can include transition metals, such as chromi-
um (Cr), iron (Fe), manganese (Mn), cobalt (Co), copper
(Cu), and/or vanadium. Additional materials for the filler
or additives include ZnSiO4, PbTiO3, ZrO2, eucryptite.
[0046] Typically, a frit material as a dry composition
contains glass particles from about 20 to 90 about wt%,
and the remaining includes fillers and/or additives. In
some cases, the frit paste contains about 10-30 wt% or-
ganic materials and about 70-90% inorganic materials.
In some cases, the frit paste contains about 20 wt% or-
ganic materials and about 80 wt% inorganic materials.
In some cses, the organic materials may include about
0-30 wt% binder(s) and about 70-100 wt% solvent(s). In
some cases, about 10 wt% is binder(s) and about 90 wt%
is solvent(s) among the organic materials. In some cases,
the inorganic materials may include about 0-10 wt% ad-
ditives, about 20-40 wt% fillers and about 50-80 wt%
glass powder. In some cases, about 0-5 wt% is additive
(s), about 25-30 wt% is filler(s) and about 65-75 wt% is
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the glass powder among the inorganic materials.
[0047] In forming a frit seal, a liquid material is added
to the dry frit material to form a frit paste. Any organic or
inorganic solvent with or without additives can be used
as the liquid material. The solvent may include one or
more organic compounds. For example, applicable or-
ganic compounds are ethyl cellulose, nitro cellulose, hy-
droxyl propyl cellulose, butyl carbitol acetate, terpineol,
butyl cellusolve, acrylate compounds. Then, the thus
formed frit paste can be applied to form a shape of the
seal 1071 on the top and/or bottom plate 1061, 1002.
[0048] Typically, a shape of the seal 1071 is initially
formed from the frit paste and interposed between the
top plate 1061 and the bottom plate 1002. The seal 1071
can in certain cases be pre-cured or pre-sintered to one
of the top plate and bottom plate 1061, 1002. Following
assembly of the top plate 1061 and the bottom plate 1002
with the seal 1071 interposed therebetween, portions of
the seal 1071 are selectively heated such that the frit
material forming the seal 1071 at least partially melts.
The seal 1071 is then allowed to resolidify to form a se-
cure joint between the top plate 1061 and the bottom
plate 1002 to thereby inhibit exposure of the enclosed
OLED pixel array 1021 to oxygen or water.
[0049] The selective heating of the frit seal is carried
out by irradiation of light, such as a laser or directed in-
frared lamp. As previously noted, the frit material forming
the seal 1071 can be combined with one or more addi-
tives or filler such as species selected for improved ab-
sorption of the irradiated light to facilitate heating and
melting of the frit material to form the seal 1071.
[0050] In some cases, OLED devices 1011 are mass
produced. In an arrangement illustrated in Fig. 7E, a plu-
rality of separate OLED arrays 1021 is formed on a com-
mon bottom substrate 1101. Each OLED array 1021 is
surrounded by a shaped frit to form the seal 1071. Com-
mon top substrate (not shown) is placed over the com-
mon bottom substrate 1101 and the structures formed
thereon such that the OLED arrays 1021 and the shaped
frit paste are interposed between the common bottom
substrate 1101 and the common top substrate. The
OLED arrays 1021 are encapsulated and sealed, such
as via the previously described enclosure process for a
single OLED display device. The resulting product in-
cludes a plurality of OLED devices kept together by the
common bottom and top substrates. Then, the resulting
product is cut into a plurality of pieces, each of which
constitutes an OLED device 1011 of Fig. 7D. In certain
cases, the individual OLED devices 1011 then further
undergo additional packaging operations to further im-
prove the sealing formed by the frit seal 1071 and the
top and bottom substrates 1061, 1002.
[0051] In one embodiment, an organic light emitting
display (OLED) device includes a first substrate compris-
ing a first outer surface and a first inner surface and a
second substrate generally opposing the first substrate.
The second substrate has a second outer surface and a
second inner surface. The OLED device also includes

an array of organic light emitting pixels interposed be-
tween the first and second substrates. The OLED further
includes a frit seal interposed between the first and sec-
ond substrates while surrounding the array. The frit seal,
the first substrate, and the second substrate in combina-
tion define an enclosed space in which the array is locat-
ed.
[0052] The second substrate may have a curvature
with a radius of the curvature. The curvature may be
formed across the entire second substrate. In other em-
bodiments, the curvature may be formed in a portion of
the second substrate. The second substrate may have
a curvature sufficient to substantially reduce Newton’s
rings on the second substrate compared to when there
is no curvature in the second substrate.
[0053] In one embodiment, a radius of the curvature
may range from about 0.2m to about 200m. The radius
of the curvature may be selected from 0.2m, 0.3m, 0.4m,
0.5m, 0.75m, 1m, 1.25m, 1.5m, 1.75m, 2m, 2.25m, 2.5m,
2.75m, 3m, 3.25m, 3.5m, 3.75m, 4m, 4.25m, 4.5m,
4.75m, 5m, 5.25m, 5.5m, 5.75m, 6m, 6.25m, 6.5m,
6.75m, 7m, 7.25m, 7.5m, 7.75m, 8m, 8.25m, 8.5m,
8.75m, 9m, 9.25m, 9.5m, 9.75m, 10m, 15m, 20m, 25m,
30m, 35m, 40m, 45m, 50m, 55m, 60m, 65m, 70m, 75m,
80m, 85m, 90m, 95m, 100m, 110m, 120m, 130m, 140m,
150m, 160m, 170m, 180m, 190m, and 200m. A skilled
artisan will appreciate that the radius of the curvature
may vary depending on the size and configuration of the
OLED device.
[0054] In another embodiment, a tangential line at an
edge of the second inner surface and the first outer sur-
face have an angle therebetween. The tangential line is
perpendicular to the edge of the second inner surface.
The angle is greater than 0° and is sufficient to substan-
tially reduce Newton’s rings on the second substrate
compared to when the angle is 0°. In one embodiment,
the angle may be between about 0.05 degrees and about
15 degrees. The angle may be selected from 0.05, 0.06,
0.07, 0.08, 0.09, 0.10, 0.11, 0.12, 0.13, 0.14, 0.15, 0.16,
0.17, 0.18, 0.19, 0.20, 0.21, 0.22, 0.23, 0.24, 0.25, 0.26,
0.27, 0.28, 0.29, 0.30, 0.31, 0.32, 0.33, 0.34, 0.35, 0.36,
0.37, 0.38, 0.39, 0.40, 0.41, 0.42, 0.43, 0.44, 0.45, 0.46,
0.47, 0.48, 0.49, 0.50, 0.51, 0.52, 0.53, 0.54, 0.55, 0.56,
0.57, 0.58, 0.59, 0.60, 0.61, 0.62, 0.63, 0.64, 0.65, 0.66,
0.67, 0.68, 0.69, 0.70, 0.71, 0.72, 0.73, 0.74, 0.75, 0.76,
0.77, 0.78, 0.79, 0.80, 0.81, 0.82, 0.83, 0.84, 0.85, 0.86,
0.87, 0.88, 0.89, 0.90, 0.91, 0.92, 0.93, 0.94, 0.95, 0.96,
0.97, 0.98, 0.99, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, and 15 degrees. A skilled artisan will appreciate that
the angle may vary depending on the size and configu-
ration of the OLED device.
[0055] FIG. 1 is a cross-sectional view illustrating an
organic light emitting display according to a first embod-
iment. Referring to FIG. 1, an organic light emitting dis-
play 100 includes a first substrate 110, a second sub-
strate 150, and a frit 130. The first substrate 110 includes
a pixel region 120a in which at least one organic light
emitting diode (OLED) is formed and a non-pixel region
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120b. The second substrate 150 is placed over the pixel
region 120a and at least a portion of the non-pixel region
120b of the first substrate 110. The frit 130 is provided
between the non-pixel region 120b of the first substrate
110 and the second substrate 150. The second substrate
150 forms an outwardly convex curve. In alternative em-
bodiments, the first substrate 110 forms such a curve.
[0056] The substrate 110 includes the pixel region
120a and the non-pixel region 120b. The pixel region
120a may include at least one OLED having a first elec-
trode, an organic layer, and a second electrode. The non-
pixel region 120b surrounds the pixel region 120a. The
pixel region 120a refers to a region which displays an
image. The non-pixel region 120b refers to the substan-
tially all the region outside the pixel region 120a.
[0057] The frit 130 is provided between the non-pixel
region 120b of the first substrate 110 and the second
substrate 150 to adhere the first substrate 110 and the
second substrate 150 to each other. The term "frit" may
refer to powder type glass. In the context of this docu-
ment, a frit may also refer to gel or paste type glass that
may be obtained by adding an organic material to the
powder type glass or a solid glass that may be obtained
by radiating laser onto the powder type glass so that the
powder type glass is hardened.
[0058] A sealant 140 is formed on the outermost pe-
ripheries of the second substrate 150 outside the frit 130.
The sealant 140 is formed outside the frit 130 to improve
adhesive strength between the first substrate 110 and
the second substrate 150. In other embodiments, the
sealant 140 may be formed inside the frit 130.
[0059] The external center of the second substrate 150
is convex, as shown in FIG. 1. Since the external center
of the second substrate 150 is convex, the distance be-
tween the center of the first substrate 110 and the center
of the second substrate 150 is larger than the height of
the frit 130 or the sealant 140. For example, when the
reflectance of the first substrate 110 is about 60 to about
70% (LTPS glass) and the reflectance of the second sub-
strate 150 is about 4% (bare glass), the distance between
the first substrate 110 and the second substrate 150 may
be maintained to be no less than 10Pm. This configura-
tion may prevent Newton’s rings from being generated.
The second substrate 150 may be formed of edge glass
or bare glass. When the second substrate 150 is formed
of the edge glass, the distance between the first substrate
110 and the second substrate 150 is no less than several
tens Pm along the edge region. Thus, optical interference
intensity may be reduced.
[0060] FIGs. 2A to 2E are cross-sections illustrating a
method of fabricating the organic light emitting display
according to the first embodiment. FIG. 3 is a cross-sec-
tional view illustrating the angle of the curvature of the
second substrate according to the first embodiment.
[0061] Referring to FIG. 2A, the substrate 110 includes
the pixel region 120a in which at least one OLED includ-
ing a first electrode, an organic layer, and a second elec-
trode is formed, and the non-pixel region 120b surround-

ing the pixel region 120a. The second substrate 150 for
sealing the first substrate 110 is positioned under the first
substrate 110.
[0062] Referring to FIG. 2B, a frit 130 is applied to one
region of the second substrate 150 that corresponds to
the non-pixel region 120b. The frit 130 may include, as
additives, a filler (not shown) for controlling a thermal
expansion coefficient and an absorbent (not shown) that
absorbs laser or infrared rays. In one embodiment, the
frit may include a powder type glass and an oxide powder.
The temperature of a glass material is rapidly dropped
so that the powder type glass is obtained. An organic
material may be added to the frit so that gel type paste
is obtained. Then, when the frit 130 is annealed at a pre-
determined temperature, the organic material is removed
and the gel type frit paste is hardened so that the solid
frit 130 is obtained. The temperature at which the frit 130
is annealed may be in the range of about 300°C to about
700°C.
[0063] Referring to FIG. 2C, the sealant 140 may be
formed on the outermost peripheries of the second sub-
strate 150, outside the frit 130. The sealant 140 is formed
outside the frit 130 to improve the adhesive strength be-
tween the first substrate 110 and the second substrate
150. The sealant 140 may be formed by a bar coating
method using sputtering or a roller.
[0064] Referring to FIG. 2D, the first substrate 110 and
the second substrate 150 are placed into a vacuum
chamber (not shown). After placing the first substrate 110
and the second substrate 150 into the vacuum chamber,
the pressure in the vacuum chamber may be reduced to
negative pressure that is lower than the atmospheric
pressure (760torr) using pressure controlling means. In
this embodiment, the pressure in the vacuum chamber
is maintained to be higher than the pressure P1 between
the first substrate and the second substrate that are not
attached to each other in order to maintain the pressure
between the first substrate 110 and the second substrate
120 that are attached to each other at the atmospheric
pressure 760torr. When it is assumed that P1 * V1 = P2
* V2, a value obtained by multiplying the pressure and
the volume between the first substrate and the second
substrate that are not attached to each other is equal to
a value obtained by multiplying the pressure and the vol-
ume between the first substrate and the second substrate
that are attached to each other. The pressure P1 can be
represented by EQUATION 1. 

[0065] wherein, P1, V1, P2, and V2 denote the pres-
sure between the first substrate and the second substrate
that are not attached to each other, the volume between
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the first substrate and the second substrate that are not
attached to each other, the pressure between the first
substrate and the second substrate that are attached to
each other, and the volume between the first substrate
and the second substrate that are attached to each other,
respectively.
[0066] The EQUATION 1 represents the Boyle’s law
in which the pressure of a gas is in inverse proportion to
the volume of the gas at a constant temperature. That is,
when the pressure is applied from the outside to reduce
the volume of the gas to 1/2, the density of the gas dou-
bles and the number of collision of the gas per unit time
doubles so that the pressure doubles. To the contrary,
when the pressure from the outside is reduced, the gas
expands so that the volume of the gas increases. There-
fore, the volume of a uniform gas is in inverse proportion
to the pressure at a uniform temperature.
[0067] Then, the first substrate 110 and the second
substrate 150 are attached to each other by a physical
force. Therefore, the pressure of the gas molecules be-
tween the first substrate 110 and the second substrate
150 is maintained to be higher than the pressure P1.
[0068] Referring to FIG. 2E, the vacuum of the vacuum
chamber is broken or the first substrate 110 and the sec-
ond substrate 120 that are attached to each other are
exposed to the atmospheric pressure. When the first sub-
strate 110 and the second substrate 150 that are attached
to each other are exposed to the atmospheric pressure,
due to a difference in pressure (differential pressure) be-
tween the pressure between the first substrate 110 and
the second substrate 150 that are attached to each other
and the atmospheric pressure, the volume of the gas
molecules that exist between the first substrate 110 and
the second substrate 150 increases by the amount of the
differential pressure. Therefore, the first substrate 110
and the second substrate 150 expand outward.
[0069] The angles of the first substrate and the second
substrate are represented by EQUATION 2 (refer to FIG.
3). 

Therefore, α > tan-1(10/a)
wherein α < 45° and the value of β is not limited.
[0070] In the EQUATION 2, α, β, h, a, and b represent
the angle corresponding to the distance between the first
substrate and the second substrate, the angle that is
formed by the curvature of the second substrate that ex-
pands and the peak between the two ends of the second

substrate, the height of the frit provided between the first
substrate and the second substrate, 1/2 of the length of
the second substrate, and the height of the peak of the
curvature of the second substrate, respectively.
[0071] At least one of the first substrate 110 and the
second substrate 150 may be provided with a vacuum
pump or suction in order to prevent sliding of the sub-
strates due to the difference in pressure. For example, a
plurality of inlets (not shown) for inhaling the air are pro-
vided on one surface of the first substrate 110. The inlets
are connected to an air inhaling device such as a vacuum
pump (not shown) that is positioned on one side of the
first substrate 110 through outlets. Therefore, the air that
is inhaled to the inside of the first substrate 110 through
the inlets is discharged to the air inhaling device such as
the vacuum pump through the outlets. One of the first
substrate 110 and the second substrate 150 is fixed using
a vacuum suction plate under the first substrate 110 so
as to prevent the sliding of the first substrate 110 and the
second substrate 150 and to change the shape of a de-
sired substrate.
[0072] In one embodiment, the first substrate 110 is
fixed to the plate by the above method so that only the
second substrate 150 expands to become convex. Since
the center of the second substrate 150 expands to be-
come convex, the distance between the centers of the
first substrate 110 and the second substrate 150 that are
attached to each other is maintained to be larger than
the height of the frit 130 or the sealant 140.
[0073] Then, laser or infrared rays may be radiated
onto the frit 130 to melt the frit 130. Therefore, the first
substrate 110 and the second substrate 150 are inter-
connected to each other.
[0074] FIG. 4 is a sectional view illustrating an organic
light emitting display according to a second embodiment.
Referring to FIG. 4, the organic light emitting display in-
cludes a first substrate 210 including a pixel region 220a
in which at least one organic light emitting diode (OLED)
is formed and a non-pixel region 220b that is formed out-
side the pixel region 220a, a second substrate 250 that
is attached to one region including the pixel region 220a
of the first substrate 210, and a frit 230 that is provided
between the non-pixel region 220b of the first substrate
210 and the second substrate 250. The second substrate
is 250 is formed to be outwardly concave. In alternative
embodiments, the first substrate 210 is formed to be out-
wardly concave.
[0075] In order to avoid redundancy, description of the
first substrate 210, the frit 230, and the sealant 240 that
are the same elements as those of the above-described
first embodiment will be omitted.
[0076] The second substrate 250 is formed to be out-
wardly concave, which is caused by reduction in pres-
sure, that is, difference in pressure between the pressure
between the first substrate 210 and the second substrate
250 that are not attached and the pressure between the
first substrate 210 and the second substrate 250 that are
attached to each other. For example, when the reflect-
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ance of the first substrate 210 is about 60 to about 70%
(LTPS glass) and the reflectance of the second substrate
250 is about 4% (bare glass), it is possible to prevent the
distance between the first substrate 210 and the second
substrate 250 from being reduced to be less than 10Pm
and to thus prevent Newton’s rings from being generated.
[0077] FIGS. 5A to 5E are schematic cross-sections
illustrating a method of fabricating the organic light emit-
ting display according to the second embodiment. FIG.
6 is a sectional view illustrating the angle of the curvature
of the second substrate according to the second embod-
iment.
[0078] Referring to FIG. 5A, the substrate 210 includes
the pixel region 220a in which at least one OLED includ-
ing a first electrode, an organic layer, and a second elec-
trode is formed and the non-pixel region 220b that is
formed outside the pixel region 220a. The second sub-
strate 250 for sealing up the first substrate 210 is posi-
tioned under the first substrate 210.
[0079] Referring to FIG. 5B, one region of the second
substrate 250 that corresponds to the non-pixel region
220b is coated with the frit 230 so that the pixel region
220a of the first substrate 210 is sealed up. Referring to
FIG. 5C, the sealant 240 is formed on the outermost pe-
riphery of the second substrate 250, that is, outside of
the frit 230.
[0080] Referring to FIG. 5D, the first substrate 210 and
the second substrate 250 are placed in a vacuum cham-
ber (not shown). After placing the first substrate 210 and
the second substrate 250 into the vacuum chamber, the
pressure in the vacuum chamber is reduced to negative
pressure that is lower than the atmospheric pressure
(760torr) using pressure controlling means. At this time,
the pressure in the vacuum chamber is maintained to be
lower than the pressure P1 between the first substrate
and the second substrate that are not attached to each
other in order to maintain the pressure between the first
substrate 210 and the second substrate 220 that are at-
tached to each other as the air pressure 760torr. When
it is assumed that P1 * V1 = P2 * V2, since the value that
is obtained by multiplying the pressure and the volume
between the first substrate and the second substrate that
are not attached to each other by each other must be
equal to the value that is obtained by multiplying the pres-
sure and the volume between the first substrate and the
second substrate that are attached to each other, the
pressure P1 can be represented by EQUATION 3. 

In Equation 3, P1, V1, P2, and V2 denote the pressure
between the first substrate and the second substrate that
are not attached to each other, the volume between the

first substrate and the second substrate that are not at-
tached to each other, the pressure between the first sub-
strate and the second substrate that are attached to each
other, and the volume between the first substrate and
the second substrate that are attached to each other,
respectively.
[0081] The EQUATION 3 represents the Boyle’s law
in which the pressure of a gas is in inverse proportion to
the volume of the gas at a uniform temperature. That is,
when the pressure is applied from the outside to reduce
the volume of the gas to 1/2, the density of the gas dou-
bles and the number of time of collision of the gas per a
unit time doubles so that the pressure doubles. To the
contrary, when the pressure from the outside is reduced,
the gas expands so that the volume of the gas increases.
Therefore, the volume of a uniform gas is in inverse pro-
portion to the pressure at a uniform temperature.
[0082] Then, the first substrate 210 and the second
substrate 250 are attached to each other by physical
force. Therefore, the pressure of the gas molecules be-
tween the first substrate 210 and the second substrate
250 is maintained to be lower than the pressure P1.
[0083] Referring to FIG. 5E, the vacuum of the vacuum
chamber is broken or the first substrate 210 and the sec-
ond substrate 220 that are attached to each other are
exposed to the atmospheric pressure. When the first sub-
strate 210 and the second substrate 250 that are attached
to each other under the negative pressure that is lower
than the pressure P1 are exposed to the atmospheric
pressure, due to difference in pressure (differential pres-
sure) between the pressure between the first substrate
210 and the second substrate 250 that are attached to
each other and the air pressure, the volume of the gas
molecules that exist between the first substrate 210 and
the second substrate 250 is reduced. Therefore, the first
substrate 210 and the second substrate 250 contract in-
ward.
[0084] The angles of the first substrate and the second
substrate are represented by EQUATION 4 (refer to FIG.
6). 

Therefore, h’ = a’ * tan α’ and b’ = a’ * tan β’ 
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where a’>0 and α,’ β’ < 45° 

In the EQUATION 4, α’, β’, h’, a, and b’ represent the
angle corresponding to the distance between the first
substrate and the second substrate, the angle that is
formed by the curvature of the second substrate that ex-
pands and the peak between the two ends of the second
substrate, the height of the frit provided between the first
substrate and the second substrate, 1/2 of the length of
the second substrate, and the height of the peak of the
curvature of the second substrate, respectively.
[0085] In one embodiment, at least one of the first sub-
strate 210 and the second substrate 250 includes a vac-
uum pump or suction in order to prevent sliding of the
substrates due to the difference in pressure. For exam-
ple, a plurality of inlets (not shown) for inhaling the air
are provided to one surface of the first substrate 210.
The inlets are connected to an air inhaling device such
as a vacuum pump (not shown) that is positioned on one
side of the first substrate 210 through outlets. Therefore,
the air that is inhaled to the inside of the first substrate
210 through the inlets is discharged to the air inhaling
device such as the vacuum pump through the outlets.
One of the first substrate 210 and the second substrate
250 is fixed using a vacuum suction plate under the first
substrate 210 so as to prevent the sliding of the first sub-
strate 210 and the second substrate 250 and to change
the shape of a desired substrate.
[0086] In one embodiment, the first substrate 210 is
fixed to the plate by the above method so that the center
of the second substrate 250 deforms to become concave.
A predetermined pressure is maintained between the first
substrate 210 and the second substrate 250 so that it is
possible to prevent the second substrate 250 from sag-
ging.
[0087] Then, laser or infrared rays are radiated onto
the frit 230 to melt the frit 230. Therefore, the first sub-
strate 210 and the second substrate 250 are adhered to
each other.
[0088] As described above, according to the invention,
the pressure between the first substrate and the second
substrate of the organic light emitting display is controlled
so that the distance between the first substrate and the
second substrate is maintained to be uniform. Therefore,
it is possible to prevent the Newton’s rings, that is, the
concentric rings that are displayed on a screen from being
generated.
[0089] Although a few embodiments of the invention
have been shown and described, it would be appreciated
by those skilled in the art that changes might be made in
this embodiment without departing from the principles of
the invention, the scope of which is defined in the claims
and their equivalents.

Claims

1. An organic light emitting display (OLED) device,
comprising:

a first substrate comprising a first outer surface
and a first inner surface;
a second substrate generally opposing the first
substrate, the second substrate comprising a
second outer surface and a second inner sur-
face;
an array of organic light emitting pixels inter-
posed between the first and second substrates;
and
a frit seal interposed between the first and sec-
ond substrates while surrounding the array,
wherein the frit seal, the first substrate, and the
second substrate in combination define an en-
closed space in which the array is located;
wherein the second substrate has a curvature
sufficient to substantially reduce Newton’s rings
on the second substrate compared to when
there is no curvature in the second substrate.

2. A device according to Claim 1, wherein a radius of
the curvature ranges from about 0.2 meters to about
100 meters.

3. A device according to Claim 1 or 2, wherein the sec-
ond substrate bends outward.

4. A device according to Claim 1 or 2, wherein the sec-
ond substrate bends inward.

5. A device according to any preceding claim, wherein
the second substrate is more flexible than the first
substrate.

6. A device according to any preceding claim, wherein
the enclosed space has a gas pressure substantially
the same as the atmospheric pressure.

7. A device according to any preceding claim, wherein
a distance between the first and second inner sur-
faces is greater than about 10Pm.

8. A device according to any preceding claim, wherein
the first substrate has a reflectance of from 60% to
70%, and wherein the second substrate has a re-
flectance of 4%.

9. A device according to any preceding claim, wherein
the second substrate comprises a material selected
from the group consisting of bare glass and edge
glass.

10. A device according to any preceding claim, further
comprising another sealing structure interposed be-
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tween the first and second substrates, wherein the
other sealing structure surrounds the frit seal.

11. A device according to Claim 10, wherein the other
sealing structure and the frit seal forms a gap ther-
ebetween.

12. A device according to any preceding claim, wherein
the frit seal comprises one or more materials select-
ed from the group consisting of magnesium oxide
(MgO), calcium oxide (CaO), barium oxide (BaO),
lithium oxide (Li2O), sodium oxide (Na2O), potassi-
um oxide (K2O), boron oxide (B2O3), vanadium oxide
(V2O5), zinc oxide (ZnO), tellurium oxide (TeO2), alu-
minum oxide (Al2O3), silicon dioxide (SiO2), lead ox-
ide (PbO), tin oxide (SnO), phosphorous oxide
(P2O5), ruthenium oxide (Ru2O), rubidium oxide
(Rb2O), rhodium oxide (Rh2O), ferrite oxide (Fe2O3),
copper oxide (CuO), titanium oxide (TiO2), tungsten
oxide (WO3), bismuth oxide (Bi2O3), antimony oxide
(Sb2O3), lead-borate glass, tin-phosphate glass,
vanadate glass, and borosilicate.

13. An organic light emitting display (OLED) device ac-
cording to any preceding claim wherein a tangential
line at an edge of the second inner surface and the
first outer surface have an angle therebetween, the
tangential line being perpendicular to the edge of the
second inner surface, and wherein the angle is great-
er than 0° and is sufficient to substantially reduce
Newton’s rings on the second substrate compared
to when the angle is 0°.

14. A method of making an organic light emitting display
(OLED) device, the method comprising:

providing a first substrate;
placing a second substrate over the first sub-
strate so as to interpose an array of light emitting
pixels between the first and second substrates;
interposing, under a predetermined gas pres-
sure, a frit between the first and second sub-
strates while surrounding the array, wherein the
frit, the first substrate, and the second substrate
in combination define an enclosed space in
which the array is located, the predetermined
gas pressure being substantially different from
the atmospheric pressure;
melting and re-solidifying the frit to the first and
second substrates so as to substantially hermet-
ically seal the enclosed space; and
subjecting the device to the atmospheric pres-
sure so as to form a curvature in the second
substrate.

15. A method according to Claim 14, wherein after form-
ing the curvature, the gas pressure within the en-
closed space is substantially equal to the atmospher-

ic pressure outside the enclosed space.

16. A method according to Claims 14 or 15, wherein dur-
ing melting and re-solidifying, the predetermined gas
pressure is substantially maintained.

17. A method according to one of Claims 14 to 16, where-
in the predetermined gas pressure is substantially
higher than the atmospheric pressure.

18. A method according to Claim 17, wherein the second
substrate generally bends outward after subjecting
the device to the atmospheric pressure.

19. A method according to any one of Claims 14 to 16,
wherein the predetermined gas pressure is substan-
tially lower than the atmospheric pressure.

20. The method according to Claim 19, wherein the sec-
ond substrate generally bends inward after subject-
ing the device to the atmospheric pressure.

21. A method according to any one of Claims 14 to 20,
wherein the second substrate is substantially more
flexible than the first substrate.

22. A method according to one of Claims 14 to 21, further
comprising providing a second seal interposed be-
tween the first and second substrates,
wherein the second seal surrounds the frit seal be-
fore subjecting the device to the atmospheric pres-
sure.

23. A method according to one of Claims 14 to 22, further
comprising holding one of outer surfaces of the first
and second substrates by suction during interposing
the frit.
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