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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to organic light-
emitting display devices. More particularly, the present
invention relates to packaging of organic light-emitting
display devices.

2. Description of the Related Art

[0002] Generally, an organic light-emitting display de-
vice comprises a substrate comprising a pixel region and
a non-pixel region, and a container or a substrate op-
posed to the substrate and bonded to the substrate with
sealant such as epoxy for encapsulation.

[0003] In the pixel region of the substrate a plurality of
organic light-emitting devices are formed between ascan
line and a data line in the form of a matrix. The organic
light-emitting devices comprise an anode electrode and
a cathode electrode; and an organic thin film layer com-
prising a hole transporting layer, an organic light-emitting
layer and an electron transporting layer, which are
formed between the anode electrode and the cathode
electrode.

[0004] However, since the organic light-emitting de-
vice includes organic material, it may be vulnerable to
oxygen and since the cathode electrode is made of metal
material, it is easily oxidized by moisture in the air to
possibly deteriorate its electrical characteristics and/or
light-emitting characteristics. To prevent this, a moisture
absorbent material may be mounted on a container man-
ufactured in the form of a can or cup made of metal ma-
terial or a substrate of glass, plastic, etc., in the form of
powder, or coated or adhered thereto in the form of a
film, thereby removing moisture that penetrates from the
surroundings.

[0005] However, the method of mounting the moisture
absorbent material in the form of a powder has problems
that include such things as manufacturing process com-
plications, material and process cost increases, in-
creased thickness of a display device, and difficulty in
applying to a front light-emitting display configuration. Al-
so, the method of coating or adhering the moisture ab-
sorbent in the form of a film has problems in that it is
limited in its ability to remove moisture and the adhesive
force between the sealant and the substrate may become
weakened due to possible outgassing during the curing
process, lowering the durability and the reliability of the
device.

[0006] Therefore, in order to solve such problems,
there has been proposed a method of encapsulating an
organic light-emitting device by forming a sidewall with
frit. International Patent No. WO03005774 (January 16,
2003) discloses an encapsulation container wherein a
side wall is formed with a glass frit and method of man-
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ufacturingthe same. U.S. PatentNo. 6,998,776 discloses
a glass package encapsulated by adhering a first and a
second glass plates with a frit and method of manufac-
turing the same. Korean Patent Laid-Open Publication
No. 2001-0084380 (September 6, 2001) discloses a frit
frame encapsulation method using laser. Korean Patent
Laid-Open Publication No. 2002-0051153 (June 28,
2002) discloses a packaging method of encapsulating
and adhering an upper substrate and a lower substrate
with a frit layer using laser.

[0007] When using a method of encapsulating a light-
emitting device with a frit, after bonding a sealing sub-
strate to which a frit is applied to the substrate on which
the light-emitting device is formed, the frit is melted and
adhered to the substrate by irradiating a laser thereon.
However, if the laser is notirradiated at a constant power
and speed, the frit may be bonded to the substrate in a
state where the frit is not completely melted so that the
interface adhesive force between the frit and the sub-
strate may be partially weakened. Ifthe fritis delaminated
in the defective portion, it may cause an infiltration of
oxygen or moisture.

[0008] Also, when a substrate with a large diameter is
used for manufacturing a large screen, the width and
height of the frit may need to be increased. In this case,
in order to melt and adhere the frit to the substrate, a
laser with a high power may need to be irradiated thereto.
However, if the laser power is increased, the frit may be
cracked by the high heat, or since high heat is transferred
to the light-emitting device in a portion adjacent to the
frit, the function of the light-emitting device may be lost
or degraded.

[0009] The discussion of this section is to provide a
general background of organic light-emitting devices and
does not constitute an admission of prior art.

[0010] WO2005/050751 A2 discloses a method of
sealing an electronic device. An encapsulation assembly
is provided having an interior area surrounded by a bar-
rier structure that extends from a surface of the encap-
sulation assembly.

[0011] US 2003/127976 A1 relates to an organic elec-
troluminescence display device and a method of manu-
facturing the same. The organic electroluminescence
display device includes sealants between the first and
second substrates.

[0012] US 2004/0207314 A1 relates to hermetically
sealed glass packages that are suitable to protect thin
film devices that are sensitive to the ambient environ-
ment.

[0013] KR 1020050024031 A relates to the encapsu-
lation of a plasma display panel using a firstand a second
sealing frit.

SUMMARY OF CERTAIN INVENTIVE ASPECTS
[0014] An aspect of the invention provides an organic

light-emitting display device as set out in Claim 1 and a
method of making an organic light-emitting display device
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as setoutin Claim 14. Preferred features of the invention
are set out in Claims 2 to 13 and 15 to 21.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] These and/or other objects and advantages of
the invention will become apparent and more readily ap-
preciated from the following description of the embodi-
ments, taken in conjunction with the accompanying draw-
ings of which:

FIG. 1a, FIG. 2a and FIG. 3a are plan views showing
an organic light-emitting display device according to
the invention;

FIG. 1b, FIG. 2b, FIG. 2c and FIG. 3b are cross sec-
tional views showing an organic light-emitting dis-
play device according to the invention;.

FIG. 4A is a schematic exploded view of a passive
matrix type organic light emitting display device;
FIG 4B is a schematic exploded view of an active
matrix type organic light emitting display device;
FIG. 4C is a schematic top plan view of an organic
light emitting display device;

FIG. 4D is a cross-sectional view of the organic light
emitting display of FIG. 4C, taken along the line d-
d; and

FIG. 4E is a schematic perspective view illustrating
mass production of organic light emitting devices.

DETAILED DESCRIPTION

[0016] Hereinafter, preferable embodiments accord-
ing to the present invention will be described by way of
example and with reference to the accompanying draw-
ings. Here, when one device is connected to another de-
vice, one device may be not only directly connected to
another device but also indirectly connected to another
device via another device. Further, irrelevant devices are
omitted for clarity. Also, like reference numerals refer to
like devices throughout.

[0017] 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.

[0018] OLEDSs can be generally grouped into two basic
types dependent on the arrangement with which the stim-
ulating electrical current is provided. Fig. 4A schemati-
cally illustrates an exploded view of a simplified structure
of a passive matrix type OLED 1000. Fig. 4B 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
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from the organic layer.

[0019] Referring to Fig. 4A, 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. PMOLEDSs provide the advantage of relatively
simple fabrication.

[0020] Referring to Fig. 4B, the active matrix OLED
(AMOLED) includes local driving circuits 1012 arranged
between the substrate 1002 and an array of OLED pixels.
An individual pixel of AMOLEDSs is defined between the
common cathode 1006 and an anode 1004, whichis 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 select signals that se-
lect rows of the driving circuits, and the data lines 1016
supply data signals for particular driving circuits. The data
signals and scan signals stimulate the local driving cir-
cuits 1012, which excite the anodes 1004 so as to emit
light from their corresponding pixels.

[0021] 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.
[0022] AMOLEDSs have the advantage of fastresponse
time improving their desirability for use in displaying data
signals. Also, AMOLEDs have the advantages of con-
suming less power than passive matrix OLEDs.

[0023] 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.

[0024] Interposed between the cathode 1006 and an-
ode 1004 are one or more organic layers. More specifi-
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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 device, one
organic layer 1010 is formed between the cathode 1006
and anode 1004 and acts as a light emitting layer. Addi-
tional 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.

[0025] 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-
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.

[0026] 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 cas-
es, one or more organic layers are doped with one or
more materials that help injection and/or transportation
of the carriers. In cases where only one organic layer is
formed between the cathode and anode, the organic lay-
er 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.
[0027] 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.
[0028] 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). In one structure, the cathode 1006 pro-
vides electrons to the adjacent organic layer 1010. The
anode 1004 injects holes to the organic layer 1010. The
holes and electrons recombine in the organic layer 1010
and generate energy particles called "excitons." The ex-
citons transfer their energy to the organic light emitting
material in the organic layer 1010, and the energy is used
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to emitvisible lightfrom the organic light emitting material.
The spectral characteristics of light generated and emit-
ted by the OLED 1000, 1001 depend on the nature and
composition of organic molecules in the organic layer(s).
The composition 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.

[0029] 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 atleast 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.

[0030] In many structures, an OLED pixel array 1021
comprising a plurality of organic light emitting pixels is
arranged over a substrate 1002 as shown in Fig. 4C. 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 arranged with respect to other components, such
as drive and control electronics to define a display region
and a non-display region. In these structures, 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
circuitry. It will be understood that there will be at least
portions of control/drive circuit elements arranged within
the display region. For example, in PMOLEDs, conduc-
tive components will extend into the display region to
provide appropriate potential to the anode and cathodes.
In AMOLEDSs, local driving circuits and data/scan lines
coupled with the driving circuits will extend into the dis-
play region to drive and control the individual pixels of
the AMOLEDs.

[0031] 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
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moisture and oxygen or other harmful gases found in a
manufacturing or operational environment. Fig. 4D sche-
matically illustrates a cross-section of an encapsulated
OLED device 1011 having a layout of Fig. 4C and taken
along the line d-d of Fig. 4C. In this device, 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 structures, 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.
[0032] 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
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.

[0033] Tolengthen 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 103 cc/m2-day and to water of less than 106
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.

[0034] The seal 1071 has a width W, which is its thick-
ness ina direction parallel to a surface of the top or bottom
substrate 1061, 1002 as shown in Fig. 4D. The width
varies among devices and ranges from about 300 um to
about 3000 wm, optionally from about 500 wm to about
1500 pm. Also, the width may vary at different positions
of the seal 1071. In some cases, 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.

[0035] Theseal 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. 4D. The
height varies among devices and ranges from about 2
pm to about 30 wm, optionally from about 10 pm to about
15 wm. Generally, the height does not significantly vary
atdifferent positions ofthe seal 1071. However, in certain
embodiments, the height of the seal 1071 may vary at
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different positions thereof.

[0036] In the illustrated structure, the seal 1071 has a
generally rectangular cross-section. In other cases, how-
ever, the seal 1071 can have other various cross-sec-
tional shapes such as a generally square cross-section,
a generally trapezoidal cross-section, a cross-section
with one or more rounded edges, or other configuration
as indicated by the needs of a given application. To im-
prove 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. In some structures, the shape of the seal can
be designed such that the interfacial area can be in-
creased.

[0037] Theseal 1071 canbe arranged immediately ad-
jacent the OLED array 1021, and in other structures, the
seal 1071 is spaced some distance from the OLED array
1021.Incertain 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
structures, 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
structures, atleast part of the seal 1071 extends between
the top plate 1061 and bottom plate 1002 in a curvilinear
manner.

[0038] 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
(Li20), sodium oxide (Na20), potassium oxide (K20),
boron oxide (B203), vanadium oxide (V205), zinc oxide
(Zn0), tellurium oxide (TeO2), aluminum oxide (Al203),
silicon dioxide (SiO2), lead oxide (PbO), tin oxide (SnO),
phosphorous oxide (P205), ruthenium oxide (Ru20), ru-
bidium oxide (Rb20), rhodium oxide (Rh20), ferrite oxide
(Fe203), copper oxide (CuO), titanium oxide (TiO2),
tungsten oxide (WO3), bismuth oxide (Bi203), antimony
oxide (Sb203), lead-borate glass, tin-phosphate glass,
vanadate glass, and borosilicate, etc. These particles
range in size from about 2 um to about 30 wm, optionally
about 5 um to about 10 pm, although not limited only
thereto. The particles can be as large as about the dis-
tance between the top and bottom substrates 1061, 1002
or any layers formed on these substrates where the frit
seal 1071 contacts.

[0039] 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
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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 ZnSiO,4, PbTiO3, ZrO,, eucryptite.
[0040] 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 cas-
es, the frit paste contains about 10-30 wt% organic ma-
terials and about 70-90% inorganic materials. In some
cases, the frit paste contains about 20 wt% organic ma-
terials and about 80 wt% inorganic materials. In some
cases, the organic materials may include about 0-30 wt%
binder(s) and about 70-100 wt% solvent(s). In some cas-
es, about 10 wt% is binder(s) and about 90 wt% is sol-
vent(s) among the organic materials. In some cases, the
inorganic materials may include about 0-10 wt% addi-
tives, 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 the
glass powder among the inorganic materials.

[0041] 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. Typically, the solventincludes one
or more organic compounds. For example, applicable
organic compounds are ethyl cellulose, nitro cellulose,
hydroxyl propyl cellulose, butyl carbitol acetate, terpine-
ol, 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.
[0042] The 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 assem-
bly 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 secure 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.

[0043] Typically, the selective heating of the frit seal is
carried out by irradiation of light, such as a laser or di-
rected infrared lamp. As previously noted, the frit material
forming the seal 1071 can be combined with one or more
additives or filler such as species selected for improved
absorption of the irradiated light to facilitate heating and
melting of the frit material to form the seal 1071.

[0044] Typically, OLED devices 1011 are mass pro-
duced. In an embodiment illustrated in Fig. 4E, a plurality
of separate OLED arrays 1021 is formed on a common
bottom substrate 1101. In the illustrated case, each
OLED array 1021 is surrounded by a shaped frit to form
the seal 1071. A common top substrate (not shown) is
placed over the common bottom substrate 1101 and the
structures formed thereon such that the OLED arrays
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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
productincludes a plurality of OLED devices kept togeth-
er 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. 4D. In
certain cases, the individual OLED devices 1011 then
further undergo additional packaging operations to fur-
ther improve the sealing formed by the frit seal 1071 and
the top and bottom substrates 1061, 1002.

[0045] FIG. 1A, FIG. 2A and FIG. 3A are plan views
showing an organic light-emitting display device accord-
ing to an embodiment. FIG. 1B, FIG. 2B, FIG. 2C and
FIG. 3B are cross sectional views of an organic light-
emitting display according to an embodiment.

[0046] ReferringtoFIG. 1A, a substrate 200 comprises
a pixel region 210 and a non-pixel region 220. The pixel
region 210 is surrounded by the non-pixel region 220.
The pixel region 210 comprises a plurality of organic light-
emitting devices 100, each electrically connected be-
tween a scan line 104b and a data line 106¢ in the form
of a matrix. The non-pixel region 220 is formed with a
scan driver 410 connected with the scan lines 104b and
adata driver 420 connected with the datalines 106¢. The
non-pixel region 220 is formed with a power supplying
line (not shown) for supplying power to the pixels 100,
as well as with pads 104c and 106d to be connected with
an external driving circuit (not shown).

[0047] The organic light-emitting device 100 is com-
prised of an anode electrode 108 and a cathode electrode
111 and an organic thin layer 110 formed between the
anode electrode 108 and the cathode electrode 111. The
organic thin layer 110 comprises a hole transporting lay-
er, an organic light-emitting layer and an electron trans-
porting layer, and may further comprise a hole injecting
layer and an electron injecting layer. Also, the organic
light-emitting device 100 may further comprise a switch-
ing transistor for controlling the operation of the organic
light-emitting device 100 and a capacitor for maintaining
a signal.

[0048] Here, the organic light-emitting device 100 will
be described in more detail with reference to FIG. 1B.
First, a buffer layer 101 is formed on the substrate 200
of the pixel region 210 and the non-pixel region 220. The
buffer layer 101 is provided to prevent damage to the
substrate 200 due to heat and to block the diffusion of
ions from the substrate 200 to the surroundings. The buff-
er layer may be comprised of an insulating film such as
silicon oxide film SiO, or silicon nitride film S;N,.

[0049] A semiconductorlayer 102 is formed overa por-
tion of the buffer layer 101. The semiconductor layer 102
provides an active layer on the buffer layer 101 in the
pixel region 210. A gate insulating film 103 is formed on
the upper face of the pixel region 210 including the sem-
iconductor layer 102.
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[0050] A gate electrode 104a is formed on the gate
insulating film 103. At this time, in the pixel region 210,
the scan line 104b is formed to be connected to the gate
electrode 104a and to extend into the non-pixel region
220 and connect to the scan driver 410 and then connect
to the pad 104c for receiving a signal from an external
driver circuit (not shown). The gate electrode 104a, the
scan line 104b and the pad 104c are made of metal such
as molybdenum (Mo), tungsten (W), titanium (Ti), alumi-
num (Al) or an alloy thereof or are formed in a stacked
structure.

[0051] An interlayer insulating film 105 is formed on
the entire upper face of the pixel region 210 including the
gate electrode 104a. The interlayer insulating film 105
and the gate insulating film 103 are etched to form one
or more contact holes such that a portion of the semicon-
ductor layer 102 is exposed. Source and drain electrodes
106a and 106b are formed to be connected to the sem-
iconductor layer 102 through the contact holes formed in
the interlayer insulating film 105 and the gate insulating
film 103. At this time, in the pixel region 210, the data line
106¢ is formed to be connected to the source and the
drain electrodes 106a and 106b. The data line 106¢ ex-
tends into the non-pixel region 220 where it connects to
the data driver and the pad 106d for receiving a signal
from an external driver circuit (not shown). The source
and the drain electrodes 106a and 106b, the data line
106¢ and the pad 106d are made of metal such as mo-
lybdenum (Mo), tungsten (W), titanium (Ti), aluminum
(Al) or an alloy thereof or are formed in a stacked struc-
ture.

[0052] A planarization layer 107 is formed on the upper
face of the pixel region 210 to planarize the surface there-
of. A via hole is formed by patterning the planarization
layer 107 in the pixel region 210 so that a predetermined
portion of the source or the drain electrodes 106a or 106b
is exposed. The anode electrode 108 is formed to be
connected to the source or the drain electrodes 106a or
106b through the via hole.

[0053] Apixel defining film 109 is formed on the planari-
zation layer 107 so that a portion of the anode electrode
108 is exposed. The organic thin layer 110 is formed on
the exposed anode electrode 108, and then, the cathode
electrode 111 is formed over atleast a portion of the pixel
defining film 109 and the organic thin layer 110.

[0054] Referring to FIG. 2A, FIG. 2B and FIG. 2C, a
sealing substrate 300 for encapsulating the pixel region
210 is sized to be overlapped with the pixel region 210
and a portion of the non-pixel region 220. A substrate
made of transparent substance such as glass can be
used as the sealing substrate 300 and preferably, a sub-
strate made of silicon oxide SiO, is used.

[0055] In the sealing substrate 300, a plurality of frits
320 and 340 are formed in the non-pixel region 220. In
this embodiment, the frits 320 and 340, which are to pre-
vent aninfiltration of oxygen or moisture by encapsulating
the pixel region 210, are formed to encompass a portion
of the non-pixel region 220 and the pixel region 210. In
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FIG. 2B a primary frit 320 and two secondary frits 340
are formed. In FIG. 2C, the primary frit 320 and a single
secondary frit 340 are formed. In one embodiment, the
primary and secondary frits are formed to be substantially
parallel to each other with a substantially constant dis-
placement between the frits 320 and 340. The first frit
320 and the second frits 340 are formed with a displace-
ment interval in a range of between about 10 wm to about
1000 pm.

[0056] Although double and triple frit structures of the
frits 320 and 340 are shown in FIGs 2B and 2C, more frit
structures can be formed depending on the size of the
sealing substrate 300 and the reserved space of the non-
pixel region 220. For example, an organic light emitting
device can be surrounded by a plurality of frits, where
the number of frits can be 2, 3, 4, 5, 6, 7, 8, 9, 10, or
more, depending on the embodiment.

[0057] Although the frit generally comprises a glass
raw material in the form of powder, the frit may also be
in the form of a paste. The paste may include one or more
additives such as a laser or infrared absorption material,
an organic binder, or a filler for reducing a thermal ex-
pansion coefficient, etc. As discussed above, the frit
paste can be subjected to a pre-sintering process to
transform the frit into a solid state. For example, the frit
in the state of paste, which is doped with at least a kind
of transition metal in a screen printing method and a dis-
pensing method, is applied along the peripheral portion
of the sealing substrate 300 at the height (height 335, as
shown in Fig. 3b, measured perpendicular to the surface
of the sealing substrate 300 on which the frit is formed)
of about 10 um to about 30 wm and the width (width 336,
as shown in Fig. 3b, measured parallel to the surface of
the sealing substrate 300 on which the frit is formed) of
about 0.5 mm to about 1.5mm and is subjected to a burn-
ing process, resulting in that the frit is solidified by re-
moving its moisture and/or organic binder.

[0058] Referring to FIG. 3A and 3B, the sealing sub-
strate 300 is positioned over the substrate 200 on which
the organic light-emitting device 100 is formed. The seal-
ing substrate 300 is disposed over the substrate 200 such
that it overlaps with the pixel region 210 and a portion of
the non-pixel region 220. The sealing substrate 300 is
then bonded to the substrate 200 by the first frit 320 and
the second frits 340.

[0059] For example, by irradiating laser along the first
frit 320 and the second frits 340 from the rear of the seal-
ing substrate 300, the first and the second frits 320 and
340 are melted by heat generated from the laser and
bonded to the substrate 200. In one embodiment, the
laser is irradiated at a power in a range from about 30W
to about 40W, preferably about 36W to about 38W. The
laser is preferably moved at a constant speed, for exam-
ple, a speed of about 10 mm/sec to about 30mm/sec,
preferably about20mm/sec along the firstand the second
frits 320 and 340, in order to maintain a constant melting
temperature and consistent adhesion properties. Since
the multiple frits 320 and 340 can be irradiated separate-
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ly, a lower power of laser and/or infrared ray can be used
to melt the frits and the temperature of the substrate 200
can be kept at a lower temperature than if a single larger
frit was used.

[0060] The pixel region 210 is encapsulated with the
plurality of frits 320 and 340. Therefore, even in the case
that delamination of one of the frits results in a poor ad-
hesion, for example, in a portion of the first frit 320, the
encapsulation state can be maintained by one or more
of the second frits 340 formed on the inside and/or the
outside of the first frit 320.

[0061] Also, even in the case of using a substrate with
a large diameter for manufacturing a large screen, the
plurality of frits 320 and 340 can be formed with the width
and height of the frit not needing to be increased. As a
result, irradiation by a laser with high power need not be
used to adhere the frit to the substrate, thereby possibly
preventing cracking of the frit or excessive heating of the
light-emitting device.

[0062] Meanwhile, although the present embodiment
has described the case that the first and the second frits
320 and 340 are formed to encapsulate only the pixel
region 210, they can be formed to encompass the scan
driver 410 without limiting thereto. In this case, the size
of the sealing substrate 300 should be made large
enough to cover the increased area of the scan driver
410. Also, although it has described in the case that the
first and the second frits 320 and 340 are formed on the
sealing substrate 300, they can be formed on the sub-
strate 200 without limiting thereto.

[0063] The presentinvention provides an organic light-
emitting display device encapsulated with a plurality of
frits. Even in the case that a portion of the frit is delami-
nated due to a partial defection thereof, the encapsulation
state can be maintained so as to effectively prevent an
infiltration of oxygen or moisture. Also, even in the case
that the substrate with a large diameter is used, since
the width and height of the frits do not need to be in-
creased, irradiation with a laser beam with high power is
not needed to melt and adhere the frit to the substrate.
As a result, yield and reliability of the organic light-emit-
ting display device can be improved.

[0064] Although certain embodiments of the present
invention have been shown and described, it would be
appreciated by those skilled in the art that changes might
be made without departing from the principles of the in-
vention, the scope of which is defined in the claims and
their equivalents.

Claims

1. Anorganic light-emitting display device comprising:
a first substrate (200);
an array of organic light-emitting pixels formed

over the first substrate (200);
a second substrate (300) placed over the first
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substrate (200), the array being interposed be-
tween the first substrate (200) and the second
substrate (300);

a first frit seal (320) interposed between the first
substrate (200) and the second substrate (300)
and configured to surround the array; and

a second frit seal (340) interposed between the
first substrate (200) and the second substrate
(300) and configured to surround the array;
wherein the first frit seal (320) has a height of
about 10pum to about 30pm, the height being
measured in a direction perpendicular to a sur-
face of the first substrate (200) facing the second
substrate (300);

wherein the first frit seal (320) has a width of
about 0.5mm to about 1.5mm, wherein the width
is measured in a direction parallel to a surface
of the first substrate (200) in a cross-sectional
plane of the device where the width is the small-
est;

wherein each of the first and second frit seals is
attached to the first substrate (200) with or with-
out a material therebetween, and wherein each
of the first and second frit seals is also attached
to the second substrate (300) with or without a
material therebetween;

wherein the first frit seal (320) is spaced apart
from the second frit seal (340) such that the first
frit seal (320), the second frit seal (340), the first
substrate (200), and the second substrate (300)
in combination define an enclosed space which
is hermetically sealed ;

wherein the first frit seal is set apart from the
second frit seal by a predetermined distance and
the first frit seal comprises a portion along which
the distance is substantially constant, and said
distance is from about 10p.m to about 1000pm.

A device according to Claim 1, wherein each of the
first fritseal (320) and the second frit seal (340) forms
a closed loop around the array.

A device according to Claim 1 or 2, wherein the sec-
ond frit seal (340) surrounds the first frit seal (320).

A device according to any preceding Claim, further
comprising a third frit seal (340) interposed between
the first substrate (200) and the second substrate
(300) and configured to surround the array.

A device according to Claim 4, wherein the third frit
seal (340) is attached to the first substrate (200) with
or without a material therebetween, and wherein the
third frit seal (340) is further attached to the second
substrate (300) with or without a material therebe-
tween.

A device according to Claim 4 or 5, wherein the third
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frit seal (340) surrounds the first and second frit seals
(320, 340).

Adevice according to Claim 5 or 6, further comprising
a fourth frit seal interposed between the first sub-
strate (200) and the second substrate (300) and con-
figured to surround the array.

A device according to Claim 5, 6 or 7, wherein the
first substrate (200), the second substrate (300), the
second frit seal (320) and the third frit seal (340) in
combination define an enclosed space, which is sub-
stantially hermetically sealed.

A device according to one of Claims 4 to 8, wherein
the device comprises a segment in which the first,
second and third frit seals (320, 340) extend sub-
stantially parallel.

A device according to any preceding Claim, wherein
the first frit (320) is set apart from the second frit
(340) by a distance and the distance varies along at
least a portion of the first frit seal (320).

A device according to Claim 1, wherein the enclosed
space is filled with a gas other than air.

A device according to any preceding Claim, further
comprising a layer formed between the first frit seal
(320) and the first substrate (200), wherein the layer
comprises an organic or inorganic material.

A device according to any preceding Claim , wherein
one or both of the frit seals comprises one or more
materials selected from the group consisting of mag-
nesium oxide (MgO), calcium oxide (CaO), barium
oxide (BaO), lithium oxide (Li20), sodium oxide
(Na20), potassium oxide (K20), boron oxide (B203),
vanadium oxide (V205), zinc oxide (ZnO), tellurium
oxide (TeO2), aluminum oxide (AlI203), silicon diox-
ide (SiO2), lead oxide (PbO), tin oxide (SnO), phos-
phorous oxide (P205), ruthenium oxide (Ru20), ru-
bidium oxide (Rb20), rhodium oxide (Rh20), ferrite
oxide (Fe203), copper oxide (CuO), titanium oxide
(TiO2), tungsten oxide (WO3), bismuth oxide
(Bi203), antimony oxide (Sb203), lead-borate
glass, tin-phosphate glass, vanadate glass, and
borosilicate.

A method of making an organic light-emitting display
device, the method comprising:

providing an unfinished device comprising a first
substrate (200) and an array of organic light
emitting pixels formed over the first substrate
(200);

providing a second substrate (300);
interposing the array between the first and sec-
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15.

16.

17.

18.

ond substrates;

interposing a first frit (320) between the first and
second substrates while surrounding the array
wherein the first frit (320) has a height of about
10pum to about 30pum, wherein the height is
measured in a direction perpendicular to a sur-
face of the first substrate (200) facing the second
substrate (300);

wherein the first frit (320) has a width of about
0.5mm to about 1.5mm, wherein the width is
measured in a direction parallel to a surface of
the first substrate (200) in a cross-sectional
plane of the device where the width is the small-
est;

interposing a second frit (340) between the first
and second substrates while surrounding the ar-
ray; and

melting and solidifying at least part of the first
and second frits so as to interconnect the first
substrate and the second substrate via the first
and second frits;

wherein the first frit (320) is spaced apart from
the second frit (340) such that the first frit (320),
the second frit (340), the first substrate (200),
and the second substrate (300) in combination
define an enclosed space which is hermetically
sealed;

wherein the first frit is set apart from the second
frit by a predetermined distance and the first frit
comprises a portion along which the distance is
substantially constant, and wherein said dis-
tance is from about 10pm to about 1000um.

A method according to Claim 14, wherein interposing
the array, interposing the first frit (320) and interpos-
ing the second frit (340) are performed substantially
simultaneously.

A method according to Claim 14 or 15, wherein in-
terposing the first frit (320) comprises forming the
first frit (320) over the first or second substrate (200,
300).

A method according to Claim 14, 15 or 16, wherein
interposing the first frit (320) comprises forming the
first frit (320) on the first substrate (200) with or with-
out a material between the first frit (320) and the first
substrate (200), and wherein interposing the second
frit (340) comprises forming the second frit (340) on
thefirst or second substrate with or without a material
between the second frit (340) and the first or second
substrate.

A method according to one of claims 14 to 17, further
comprising interposing a third frit (340) between the
first and second substrates (200, 300) while sur-
rounding the first and second frits (320, 340).
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A method according to Claim 18 , wherein the first,
second and third frits (320, 340) extend substantially
parallel.

A method according to one of Claims 14 to 19,
wherein the unfinished device further comprises a
plurality of additional arrays of organic light emitting
pixels formed over the first substrate (200), the meth-
od further comprising:

interposing two or more additional frits between
the first and second substrates (200, 300) while
the two or more additional frits surround one of
the additional arrays; and

melting and solidifying the two or more additional
frits around the one additional array, wherein the
first and second substrates (200, 300) are fur-
ther connected via the two or more additional
frits.

A method according to Claim 20 , further comprising
cutting the resulting product into two or more pieces,
wherein one of the pieces comprises an array en-
capsulated between a cut piece of the first substrate
(200), a cut piece of the second substrate (300) and
two or more frits.

Patentanspriiche

1.

Organische Licht emittierende Anzeigevorrichtung,
die Folgendes umfasst:

ein erstes Substrat (200),

eine Matrix von organischen Licht emittierenden
Bildpunkten, die Uber dem ersten Substrat (200)
geformt ist,

ein zweites Substrat (300), das tGiber dem ersten
Substrat (200) platziert ist, wobei die Matrix zwi-
schen dem ersten Substrat (200) und dem zwei-
ten Substrat (300) eingelegt ist,

eine erste Frittedichtung (320), die zwischen
dem ersten Substrat (200) und dem zweiten
Substrat (300) eingelegt und dafir konfiguriert
ist, die Matrix zu umschlie3en, und

eine zweite Frittedichtung (340), die zwischen
dem ersten Substrat (200) und dem zweiten
Substrat (300) eingelegt und dafir konfiguriert
ist, die Matrix zu umschlieRen,

wobei die erste Frittedichtung (320) eine Hohe
von etwa 10 pm bis etwa 30 um hat, wobei die
Hoéhe in einer Richtung, senkrecht zu einer Fla-
che des ersten Substrats (200), die dem zweiten
Substrat (300) gegentberliegt, gemessen wird,
wobei die erste Frittedichtung (320) eine Breite
von etwa 0,5 mm bis etwa 1,5 mm hat, wobei
die Breitein einer Richtung, parallel zu einer Fla-
che des ersten Substrats (200) in einer Quer-

10

15

20

25

30

35

40

45

50

55

10

schnittsebene der Vorrichtung, wo die Breite die
kleinste ist, gemessen wird,

wobei sowohl die erste als auch die zweite Frit-
tedichtung mit einem oder ohne ein Material zwi-
schen denselben an dem ersten Substrat (200)
befestigt ist und wobei sowohl die erste als auch
die zweite Frittedichtung ebenfalls mit einem
oder ohne ein Material zwischen denselben an
dem zweiten Substrat (300) befestigt ist,
wobei die erste Frittedichtung (320) derart mit
Abstand von der zweiten Frittedichtung (340)
angeordnet ist, dass die erste Frittedichtung
(320), die zweite Frittedichtung (340), das erste
Substrat (200) und das zweite Substrat (300) in
Kombination einen umschlossenen Raum defi-
nieren, der hermetisch abgedichtet ist,

wobei die erste Frittedichtung um einen vorbe-
stimmten Abstand entfernt von der zweiten Frit-
tedichtung abgesondert ist und die erste Fritte-
dichtung einen Abschnitt umfasst, entlang des-
sen der Abstand im Wesentlichen konstant ist,
und der Abstand von etwa 10 pm bis etwa 1000
pm betragt.

Vorrichtung nach Anspruch 1, wobei sowohl die ers-
te Frittedichtung (320) als auch die zweite Frittedich-
tung (340) eine geschlossene Schleife um die Matrix
bildet.

Vorrichtung nach Anspruch 1 oder 2, wobei die zwei-
te Frittedichtung (340) die erste Frittedichtung (320)
umschlief3t.

Vorrichtung nach einem der vorhergehenden An-
spriiche, die ferner eine dritte Frittedichtung (340),
die zwischen dem ersten Substrat (200) und dem
zweiten Substrat (300) eingelegt und dafir konfigu-
riert ist, die Matrix zu umschlieen, umfasst.

Vorrichtung nach Anspruch 4, wobei die dritte Frit-
tedichtung (340) mit einem oder ohne ein Material
zwischen denselben an dem ersten Substrat (200)
befestigt ist und wobei die dritte Frittedichtung (340)
ferner mit einem oder ohne ein Material zwischen
denselben an dem zweiten Substrat (300) befestigt
ist.

Vorrichtung nach Anspruch 4 oder 5, wobei die dritte
Frittedichtung (340) die erste und die zweite Fritte-
dichtung (320, 340) umschlielt.

Vorrichtung nach Anspruch 5 oder 6, die ferner eine
vierte Frittedichtung, die zwischen dem ersten Sub-
strat (200) und dem zweiten Substrat (300) eingelegt
und daflr konfiguriert ist, die Matrix zu umschlieRRen,
umfasst.

Vorrichtung nach Anspruch 5, 6 oder 7, wobei das
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erste Substrat (200), das zweite Substrat (300), die
zweite Frittedichtung (340) und die dritte Frittedich-
tung (340) in Kombination einen umschlossenen
Raum definieren, der im Wesentlichen hermetisch
abgedichtet ist.

Vorrichtung nach einem der Anspriiche 4 bis 8, wo-
beidie Vorrichtung ein Segment umfasst, in dem sich
die erste, die zweite und die dritte Frittedichtung
(320, 340) im Wesentlichen parallel erstrecken.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei die erste Fritte (320) um einen Ab-
stand von der zweiten Fritte (340) abgesondert ist
und sich der Abstand entlang wenigstens eines Ab-
schnitts der ersten Frittedichtung (320) verandert.

Vorrichtung nach Anspruch 1, wobei der umschlos-
sene Raum mit einem anderen Gas als Luft gefiilltist.

Vorrichtung nach einem der vorhergehenden An-
spriiche, die ferner eine Lage umfasst, die zwischen
der ersten Frittedichtung (320) und dem ersten Sub-
strat (200) geformt ist, wobei die Lage ein organi-
sches oder anorganisches Material umfasst.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei eine oder beide der Frittedichtungen
ein oder mehrere Materialien umfassen, ausgewahlt
aus der Gruppe, die aus Magnesiumoxid (MgO), Kal-
ziumoxid (CaO), Bariumoxid (BaO), Lithiumoxid
(Li»O), Natriumoxid (Na,O), Kaliumoxid (K,O), Boro-
xid (B,03), Vanadiumoxid (V,05), Zinkoxid (ZnO),
Telluroxid (TeO,), Aluminiumoxid (Al,O5), Silizium-
oxid (SiO,), Bleioxid (PbO), Zinnoxid (SnO), Phos-
phoroxid (P,05), Rutheniumoxid (Ru,0), Rubidium-
oxid (Rby,0), Rhodiumoxid (Rh,O), Eisenoxid
(Fe503), Kupferoxid (CuO), Titanoxid (TiO,), Wolf-
ramoxid (WO3), Wismutoxid (Bi,O3), Antimonoxid
(Sb,03), Bleiboratglas, Zinnphosphatglas, Vanadat-
glas und Borsilikat besteht.

Verfahren zum Herstellen einer organischen Licht
emittierenden Anzeigevorrichtung, wobei das Ver-
fahren Folgendes umfasst:

das Bereitstellen einer unfertigen Vorrichtung,
die ein erstes Substrat (200) und eine Matrix von
organischen Licht emittierenden Bildpunkten,
die Uber dem ersten Substrat (200) geformt ist,
umfasst,

das Bereitstellen eines zweiten Substrats (300),
das Dazwischenlegen der Matrix zwischen das
erste und das zweite Substrat,

das Dazwischenlegen einer ersten Fritte (320)
zwischen dem ersten und dem zweiten Subst-
rat, wahrend die Matrix umschlossen wird, wo-
bei die erste Fritte (320) eine H6he von etwa 10
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wm bis etwa 30 wm hat, wobei die Hohe in einer
Richtung, senkrecht zu einer Flache des ersten
Substrats (200), die dem zweiten Substrat (300)
gegeniberliegt, gemessen wird,

wobei die erste Fritte (320) eine Breite von etwa
0,5 mm bis etwa 1,5 mm hat, wobei die Breite
in einer Richtung, parallel zu einer Flache des
ersten Substrats (200) in einer Querschnittse-
bene der Vorrichtung, wo die Breite die kleinste
ist, gemessen wird,

das Dazwischenlegen einer zweiten Fritte (340)
zwischen dem ersten und dem zweiten Subst-
rat, wahrend die Matrix umschlossen wird, und
das Schmelzen und Erstarrenlassen wenigs-
tens eines Teils der ersten und der zweiten Frit-
te,um sodas erste Substrat und das zweite Sub-
strat Uber die erste und die zweite Fritte mitein-
ander zu verbinden,

wobei die erste Fritte (320) derart mit Abstand
von der zweiten Fritte (340) angeordnet ist, dass
die erste Fritte (320), die zweite Fritte (340), das
erste Substrat (200) und das zweite Substrat
(300) in Kombination einen umschlossenen
Raum definieren, der hermetisch abgedichtet
ist,

wobei die erste Fritte um einen vorbestimmten
Abstand entfernt von der zweiten Fritte abge-
sondert ist und die erste Fritte einen Abschnitt
umfasst, entlang dessen der Abstand im We-
sentlichen konstant ist, und der Abstand von et-
wa 10 pm bis etwa 1000 pm betragt.

Verfahren nach Anspruch 14, wobei das Dazwi-
schenlegen der Matrix, das Dazwischenlegen der
ersten Fritte (320) und das Dazwischenlegen der
zweiten Fritte (340) im Wesentlichen gleichzeitig
ausgefihrt werden.

Verfahren nach Anspruch 14 oder 15, wobei das Da-
zwischenlegen der ersten Fritte (320) das Formen
der ersten Fritte (320) Uber dem ersten oder dem
zweiten Substrat (200, 300) umfasst.

Verfahren nach Anspruch 14, 15 oder 16, wobei das
Dazwischenlegen der ersten Fritte (320) das For-
men der ersten Fritte (320) auf dem ersten Substrat
(200) mit einem oder ohne ein Material zwischen der
ersten Fritte (320) und dem ersten Substrat (200)
umfasst und wobei das Dazwischenlegen der zwei-
ten Fritte (340) das Formen der zweiten Fritte (340)
auf dem ersten oder dem zweiten Substrat mit einem
oder ohne ein Material zwischen der zweiten Fritte
(340) und dem ersten oder dem zweiten Substrat
umfasst.

Verfahren nach einem der Anspriiche 14 bis 17, das
ferner das Dazwischenlegen einer dritten Fritte (340)
zwischen dem ersten und dem zweiten Substrat
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(200, 300) umfasst, wahrend die erste und die zweite
Fritte (320, 340) umschlossen werden.

Verfahren nach Anspruch 18, wobei sich die erste,
die zweite und die dritte Fritte (320, 340) im Wesent-
lichen parallel erstrecken.

Verfahren nach einem der Anspriiche 14 bis 19, wo-
bei die unfertige Vorrichtung ferner mehrere zusatz-
liche Matrizen von organischen Licht emittierenden
Bildpunkten, die Gber dem ersten Substrat (200) ge-
formt sind, umfasst, wobei das Verfahren ferner Fol-
gendes umfasst:

das Dazwischenlegen von zwei oder mehr zu-
satzlichen Fritten zwischen dem erstenund dem
zweiten Substrat (200, 300), wahrend die zwei
oder mehr zusatzlichen Fritten eine der zusatz-
lichen Matrizen umschlie3en, und

das Schmelzen und Erstarrenlassen der zwei
oder mehr zusatzlichen Fritten um die eine zu-
satzliche Matrix, wobei das erste und das zweite
Substrat (200, 300) Uiber die zwei oder mehr zu-
satzlichen Fritten ferner verbunden werden.

Verfahren nach Anspruch 20, das ferner das Schnei-
den des sich ergebenden Erzeugnisses in zwei oder
mehr Stlicke umfasst, wobei eines der Stlicke eine
Matrix umfasst, die zwischen einem abgeschnitte-
nen Stlick des ersten Substrats (200), einem abge-
schnittenen Stiick des zweiten Substrats (300) und
zwei oder mehr Fritten eingekapselt ist.

Revendications

1.

Dispositif d’affichage électroluminescent organique
comprenant :

un premier substrat (200) ;

une matrice de pixels électroluminescents orga-
niques formée sur le premier substrat (200) ;
un second substrat (300) placé par-dessus le
premier substrat (200), la matrice étant interpo-
sée entre le premier substrat (200) et le second
substrat (300) ;

un premier joint fritté (320) interposé entre le
premier substrat (200) et le second substrat
(300) et configuré pour entourer la matrice ; et
un deuxieme joint fritté (340) interposé entre le
premier substrat (200) et le second substrat
(300) et configuré pour entourer la matrice ; et
danslequel le premiérejoint fritté (320) présente
une hauteur comprise entre environ 10 um et
environ 30 um, la hauteur étant mesurée dans
une direction perpendiculaire a une surface du
premier substrat (200) faisant face au second
substrat (300) ;
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dans lequel le premier joint fritté (320) présente
une largeur comprise entre environ 0,5 mm et
environ 1,5 mm, la largeur étant mesurée dans
une direction paralléle a une surface du premier
substrat (200) dans un plan transversal du dis-
positif ou la largeur est la plus petite ;

dans lequel chacun des premier et deuxiéme
joints frittés est fixé au premier substrat (200)
avec ou sans un matériau entre ceux-ci, et dans
lequel chacun des premier et deuxieme joints
frittés est également fixé au second substrat
(300) avec ou sans un matériau entre ceux -Ci ;
dans lequel le premier joint fritté (320) est espa-
cé par rapport au deuxieme joint fritté (340) de
sorte que le premier joint fritté (320), le deuxie-
me joint fritté (340), le premier substrat (200), et
le second substrat (300) définissent en combi-
naison un espace fermé qui esthermétiquement
scellé ;

dans lequel le premier joint fritté est séparé du
deuxieme joint fritté par une distance prédéter-
minée etle premier joint fritté comprend une par-
tie le long de laquelle la distance est essentiel-
lement constante, et ladite distance est compri-
se entre environ 10 wm et environ 1°000 pm.

Dispositif selon la revendication 1, dans lequel cha-
cun parmi le premier joint fritté (320) et le deuxieéme
joint fritté (340) forme une boucle fermée autour de
la matrice.

Dispositif selon la revendication 1 ou 2, dans lequel
le deuxiéme joint fritté (340) entoure le premier joint
fritté (320).

Dispositif selon’'une quelconque des revendications
précédentes, comprenant en outre un troisieme joint
fritté (340) interposé entre le premier substrat (200)
etle second substrat (300) et configuré pourentourer
la matrice.

Dispositif selon la revendication 4, dans lequel le troi-
sieéme joint fritté (340) est fixé au premier substrat
(200) avec ou sans un matériau entre ceux -ci, et
dans lequel le troisieme joint fritté (340) est en outre
fixé au second substrat (300) avec ou sans un ma-
tériau entre ceux -ci.

Dispositif selon la revendication 4 ou 5, dans lequel
le troisiéme joint fritté (340) entoure les premier et
deuxieme joints frittés (320, 340).

Dispositif selon la revendication 5 ou 6, comprenant
en outre un quatrieme joint fritté interposé entre le
premier substrat (200) et le second substrat (300) et
configuré pour entourer la matrice.

Dispositif selon’'une quelconque des revendications
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5, 6 ou 7, dans lequel le premier substrat (200), le
second substrat (300), le deuxiéme joint fritté (320)
et le troisieme joint fritté (340) définissent en combi-
naison un espace fermé, qui est essentiellement her-
métiquement scellé.

Dispositif selon 'une quelconque des revendications
4 a 8, dans lequel le dispositif comprend un segment
dans lequel les premier, deuxiéme et troisiéme joints
frittés (320, 340) s’étendent de maniére essentielle-
ment paralléle.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel le premier joint fritté (320)
est séparé du deuxiéme joint fritté (340) par une cer-
taine distance et la distance varie le long d’au moins
une partie du premier joint fritté (320).

Dispositif selon la revendication 1, dans lequel I'es-
pace fermé est rempli d’'un gaz autre que l'air.

Dispositif selon 'une quelconque des revendications
précédentes, comprenant en outre une couche for-
mée entre le premier joint fritté (320) et le premier
substrat (200), dans lequel la couche comprend un
matériau organique ou inorganique.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel un ou les deux joint(s) frit-
té(s) comprend ou comprennent un ou plusieurs ma-
tériaux sélectionné(s) parmi le groupe constitué de
I'oxyde de magnésium (MgO), I'oxyde de calcium
(Ca0), 'oxyde de baryum (BaO), 'oxyde de lithium
(Li,O), 'oxyde de sodium (Na,O), 'oxyde de potas-
sium (K50), I'oxyde de bore (B,O3), 'oxyde de va-
nadium (V,0g), l'oxyde de zinc (ZnO), l'oxyde de
tellure (TeO,), 'oxyde d’aluminium (Al,O5), le dioxy-
de de silicium (SiO,), 'oxyde de plomb (PbO), I'oxy-
de d’étain (SnO), 'oxyde de phosphore (P,05), I'oxy-
de de ruthénium (Ru,0), l'oxyde de rubidium
(Rb,0), l'oxyde de rhodium (Rh,0), I'oxyde de fer
(Fe503), 'oxyde de cuivre (CuO), I'oxyde de titane
(TiO,), l'oxyde de tungsténe (WO3), 'oxyde de bis-
muth (Bi,O3), 'oxyde d’antimoine (Sb,05), le verre
a base de borate de plomb, le verre a base de phos-
phate d’étain, le verre a base de vanadate, et le si-
licate de bore.

Procédé de réalisation d’'un dispositif d’affichage
électroluminescent organique, le procédé compre-
nant les étapes consistant a :

fournir un dispositif non fini comprenant un pre-
mier substrat (200) et une matrice de pixels élec-
troluminescents organiques formée sur le pre-
mier substrat (200) ;

fournir un second substrat (300) ;

interposer la matrice entre les premier et second
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substrats ;

interposer une premiére fritte (320) entre les pre-
mier et second substrats tout en entourant la
matrice, la premiére fritte (320) présentant une
hauteur comprise entre environ 10 pum et envi-
ron 30 wm, la hauteur étant mesurée dans une
direction perpendiculaire a une surface du pre-
mier substrat (200) faisant face au second subs-
trat (300) ;

dans lequel la premiére fritte (320) présente une
largeur comprise entre environ 0,5 mm et envi-
ron 1,5 mm, la largeur étant mesurée dans une
direction paralléle a une surface du premier
substrat (200) dans un plan transversal du dis-
positif ou la largeur est la plus petite ;
interposer une deuxiéme fritte (340) entre les
premier et second substrats tout en entourant
la matrice ; et

faire fondre et solidifier au moins une partie des
premiére et deuxieme frittes de maniere a inter-
connecter le premier substrat et le second subs-
trat par I'intermédiaire des premiéere et deuxie-
me frittes ;

dans lequel la premiére fritte (320) est espacée
par rapport a la deuxiéme fritte (340) de telle
sorte que la premiére fritte (320), la deuxiéme
fritte (340), le premier substrat (200), et le se-
cond substrat (300) définissent en combinaison
un espace fermé qui est hermétiquement scellé.
dans lequel la premiére fritte est séparée de la
deuxiéme fritte par une distance prédéterminée
et la premiéere fritte comprend une partie le long
delaquelle ladistance est essentiellement cons-
tante, ladite distance étant comprise entre envi-
ron 10 wm et environ 1000 pm.

Procédé selon la revendication 14, dans lequel les
étapes consistant a interposer la matrice, interposer
la premiére fritte (320) etinterposer la deuxiéme fritte
(340) sont mises en oeuvre de maniére essentielle-
ment simultanée.

Procédé selon larevendication 14 ou 15, dans lequel
I’étape consistanta interposerla premiere fritte (320)
comprend une étape consistant a former la premiére
fritte (320) par-dessus le premier ou second substrat
(200, 300).

Procédé selon 'une quelconque des revendications
14, 15 ou 16, dans lequel I'étape consistant a inter-
poser la premiére fritte (320) comprend une étape
consistant a former la premiére fritte (320) sur le pre-
mier substrat (200) avec ou sans un matériau entre
la premiere fritte (320) et le premier substrat (200),
et dans lequel I'étape consistant a interposer la
deuxieme fritte (340) comprend une étape consis-
tant a former la deuxiéme fritte (340) sur le premier
ou second substrat avec ou sans un matériau entre
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la deuxiéme fritte (340) et le premier ou second subs-
trat.

Procédé selon I'une quelconque des revendications
14 a 17, comprenant en outre une étape consistant
a interposer une troisieme fritte (340) entre les pre-
mier et second substrats (200, 300) toute en entou-
rant les premiere et deuxiéme frittes (320, 340).

Procédé selon la revendication 18, dans lequel les
premiere, deuxiéme et troisieme frittes (320, 340)
s’étendent de maniére essentiellement paralléle.

Procédé selon I'une quelconque des revendications
14 a 19, dans lequel le dispositif non fini comprend
en outre une pluralité de matrices supplémentaires
de pixels électroluminescents organiques formées
par-dessus le premier substrat (200), le procédé
comprenant en outre les étapes consistant a :

interposer deux ou plus de deux frittes supplé-
mentaires entre les premier et second substrats
(200, 300) tandis que les deux ou plus de deux
frittes supplémentaires entourent une des ma-
trices supplémentaires ; et

faire fondre et solidifier les deux ou plus de deux
frittes supplémentaires autour de ladite une ma-
trice supplémentaire, les premier et second
substrats (200, 300) étant en outre connectés
par I'intermédiaire des deux ou plus de deux frit-
tes supplémentaires.

Procédeé selon la revendication 20, comprenant en
outre une étape consistant a couper le produit résul-
tant en deux ou plus de deux morceaux, un des mor-
ceaux comprenant une matrice encapsulée entre un
morceau coupé du premier substrat (200), un mor-
ceau coupé du second substrat (300) et deux ou plus
de deux frittes.
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