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FIG. 1
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FIG. 2
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FIG. 3
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FRIT SEALING SYSTEM AND METHOD OF
MANUFACTURING ORGANIC
LIGHT-EMITTING DISPLAY (OLED)
APPARATUS USING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application is a divisional application of U.S.
application Ser. No. 12/964,641 filed on Dec. 9, 2010, which
is incorporated by reference in its entirety. application Ser.
No. 12/964,641 claimed the benefit of Korean Patent Appli-
cation No. 10-2009-0122534 filed in the Korean Intellectual
Property Office on Dec. 10, 2009, the disclosure of which is
hereby incorporated herein by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] The disclosed technology relates to a frit sealing
system and a method of manufacturing an organic light-
emitting display (OLED) using the same.

[0004] 2. Description of the Related Technology

[0005] Many modern displays use thin film technology to
make a type flat panel display (FPD). Among FPDS, an elec-
troluminescent display apparatus is self-emissive, and has a
wide viewing angle, a high-quality contrast, and a fast
response time. Thus, the electroluminescent display has
attracted attention as a next generation display. Also, an
organic light-emitting display (OLED), including organic
light-emitting layers, has enhanced luminance, driving volt-
age, and response time. The OLED apparatus has also a
polychromatic characteristic in comparison with an inorganic
light-emitting display (ILED).

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0006] One aspect of the present invention is a frit sealing
system for improving an adhesive strength of a frit and a
method of manufacturing an organic light-emitting display
(OLED) using the frit sealing system.

[0007] Another aspect is a frit sealing system which
includes a thermal expansion film expanding when a laser is
radiated on a frit to pressurize first and second substrates and
bond the first and second substrates to each other, in order to
improve an adhesive strength of the frit and a method of
manufacturing an OLED using the same.

[0008] Another aspect is a frit sealing system for bonding
first and second substrates to each other using a frit, includ-
ing: a laser radiator which radiates a laser on the frit coated
between the first and second substrates; a thermal expansion
film which is formed on the second substrate to pressurize the
second substrate when the laser radiator radiates the laser on
the frit; and a mask which is disposed on the thermal expan-
sion film.

[0009] An area of the thermal expansion film on which the
laser is radiated may expand locally.

[0010] The thermal expansion film may be patterned such
that the thermal expansion film is not formed in an area on
which the frit is coated.

[0011] The mask may include a base which is formed of a
transparent material and a metal layer which is formed on a
surface of the base.

[0012] The metal layer may be patterned to correspond to a
movement path of the laser radiator.
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[0013] A portion of the laser radiated toward the second
substrate may melt the frit, and an other portion of the laser
may expand an area of the thermal expansion film around the
frit.

[0014] The other portion of the laser may heat the metal
layer of the mask, and the heated metal layer may expand the
thermal expansion film.

[0015] Thethermal expansion film may include polymer or
elastomer having a relatively high thermal expansion coeffi-
cient.

[0016] The frit sealing system may further include a pres-
surizer which pressurizes the mask in order to keep a fixed
position of the mask when the thermal expansion film
expands.

[0017] The laser radiator may move along a trajectory cor-
responding to a closed curve to radiate the laser on the frit
which is disposed on a surface of the first substrate in the
closed curve, in order to heat the frit and expand an area ofthe
thermal expansion film on which the laser is radiated.
[0018] The first substrate may include a pixel area in which
at least one OELD (organic electroluminescent device)
including a first electrode, an organic layer, and a second
electrode is formed and a non-pixel area which is formed
outside the pixel area. The second substrate may be bonded to
an area of the first substrate including the pixel area. The frit
may be coated on an area of the non-pixel area between the
first and second substrates.

[0019] Another aspect is a method of manufacturing an
organic light-emitting display (OLED) apparatus using a frit
sealing system bonding first and second substrates to each
other using a frit, including: coating and melting the frit on
one of the first and second substrates; disposing the second
substrate on the first substrate; sequentially disposing a ther-
mal expansion film and a mask on the second substrate; and
radiating a laser on the second substrate to harden the frit and
expand the thermal expansion film in order to pressurize the
second substrate.

[0020] An area of the thermal expansion film on which the
laser is radiated may expand locally.

[0021] The radiation of the laser on the second substrate
may include: leading a portion ofthe laser radiated toward the
second substrate to melt the frit; and leading an other portion
of the laser to expand the thermal expansion film around the
frit.

[0022] The mask may include a base formed of a transpar-
ent material and a metal layer formed on a surface of the base.
The leading of the other portion of the laser to expand the
thermal expansion film may include leading the other portion
of the laser to heat the metal layer of the mask and leading the
heated metal layer to expand the thermal expansion film.
[0023] The radiation of the laser on the second substrate
may further include pressurizing the mask to keep a fixed
position of the mask when the thermal expansion film
expands.

[0024] Another aspect is a frit sealing system for bonding
first and second substrates to each other using a frit, compris-
ing: a thermal expansion film formed on the second substrate
to pressurize the second substrate when heat is applied to the
frit and thermal expansion film, wherein the frit is interposed
betweenthe first and second substrates; and a mask formed on
the thermal expansion film.

[0025] In the above system, at least part of an area of the
thermal expansion film to which the heat is applied expands.
In the above system, a plurality of openings are formed in the
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thermal expansion film, and wherein the openings are formed
substantially directly above the frit. The above system further
comprises a laser radiator configured to apply a laser beam to
the frit through the mask, the thermal expansion film and the
second substrate. In the above system, the mask comprises 1)
a base which is formed of a transparent material and ii) a
metal layer which is formed on a surface of the base. In the
above system, a plurality of openings are formed in the metal
layer along a movement path of the laser radiator. In the above
system, the laser radiator is configured to melt the frit and
expand an area of the thermal expansion film around the frit.

[0026] In the above system, the laser radiator is configured
to heat the metal layer of the mask, and wherein the heated
metal layer is configured to expand the thermal expansion
film. In the above system, the laser radiator is configured to
move along a trajectory corresponding to a closed curve and
radiate the laser on the frit which is formed on a surface of the
first substrate in the closed curve, in order to heat the frit and
expand an area of the thermal expansion film on which the
laser is radiated. In the above system, the thermal expansion
film is formed of at least one of polymer and elastomer having
relatively high thermal expansion coefficients. The above
system further comprises a pressurizer configured to pressur-
ize the mask in order to prevent the mask from moving when
the thermal expansion film expands.

[0027] Inthe above system, the first substrate comprises 1)
a pixel area and ii) a non-pixel area which is formed outside
the pixel area, wherein the pixel area comprises at least one
organic electroluminescent device which includes a first elec-
trode, an organic layer, and a second electrode is formed,
wherein the second substrate is bonded to an area of the first
substrate comprising the pixel area, and wherein the frit is
formed on the non-pixel area between the first and second
substrates.

[0028] Another aspect is a method of manufacturing an
organic light emitting display apparatus using a frit sealing
system bonding first and second substrates to each other using
a frit, comprising; forming the frit on one of the first and
second substrates; forming the second substrate on the first
substrate; forming a thermal expansion film on the second
substrate; and forming a mask on the thermal expansion film;
applying heat to the second substrate and the thermal expan-
sion film to harden the frit so that at least part of the thermal
expansion film expands by the heat and pressurizes the sec-
ond substrate.

[0029] In the above method, the second substrate is heated
by radiation of a laser. In the above method, the radiation of
the laser on the second substrate and the thermal expansion
film comprises: first radiating a portion of the laser toward the
second substrate to melt the frit; and second radiating another
portion of the laser to expand the thermal expansion film
around the frit. In the above method, the mask comprises a
base formed of a transparent material and a metal layer
formed on a surface of the base, and wherein the second
radiating comprises heating the metal layer of the mask so
that the heated metal layer expands the thermal expansion
film. The above method further comprises pressurizing the
mask to prevent the mask from moving when the thermal
expansion film expands.

[0030] Another aspect is a frit sealing system for bonding
firstand second substrates to each other using a frit interposed
between the substrates, the system comprising: a thermal
expansion layer formed on the second substrate and config-
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ured to expand so as to pressurize the second substrate when
heat is applied to the thermal expansion layer, the second
substrate and the frit.

[0031] The above system further comprises a mask formed
on the thermal expansion layer, wherein the mask is config-
ured to receive and transfer the heat to the thermal expansion
layer. In the above system, a plurality of openings are formed
in the thermal expansion layer and wherein the openings are
formed substantially directly above the frit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a schematic perspective view of a frit
sealing system according to an embodiment of the present
invention.

[0033] FIG. 2 is a plan view of the frit sealing system of
FIG. 1.
[0034] FIG. 3 is a cross-sectional view of the frit sealing

system of FIG. 1.

[0035] FIG. 4 is a schematic cross-sectional view of an
organic light-emitting display (OLED) apparatus according
to an embodiment of the present invention.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0036] Generally, an OLED apparatus includes a pair of
electrodes, i.e., first and second electrodes, and at least one
organic layer interposed between the two electrodes. The first
electrode is formed on a first substrate and operates as an
anode that injects holes, and the organic layers are formed on
the first substrate. The second electrode is formed on the
organic layers to be opposite to the first electrode and operates
as a cathode that injects electrons.

[0037] If moisture or oxygen flows from the surrounding
environment into the OLED electrodes are oxidized and peel,
thereby reducing the lifespan of the OLED, lowering lumi-
nous efficiency, and changing light-emitting colors.

[0038] Accordingly, when the OLED is manufactured,
sealing is generally performed to isolate the OLED from the
environment and to prevent permeation of moisture into the
OLED. In such a sealing method, organic polymer such as
polyester (PET) or the like is laminated on a second electrode
of the OLED, alternatively a cover or a cap is formed of a
metal or glass including an absorbent. Then, the OLED is
filled with a nitride gas, and an edge of the cover or cap is
encapsulated using a sealing material such as epoxy.

[0039] However, this sealing method does not completely
or substantially completely block undesirable materials such
as moisture, oxygen, and the like that are permeated from the
outside. The sealing method is not applied to an active top-
emission OLED vulnerable to moisture, and a process of
realizing the active top-emission OLED is complicated. In
order to solve these problems, a capsule sealing method has
been introduced to improve an adhesive strength between a
device substrate and a cap using a frit as a sealing material.
[0040] The frit is coated on a glass substrate in order to
completely seal a gap between the substrate and the cap,
thereby further effectively protecting the OLED.

[0041] In the capsule sealing method using the frit, frit is
coated on sealing parts of OLED, and a laser radiator moves
to radiate a laser on the sealing parts of the OLED in order to
harden the frit and seal the OLED apparatuses.

[0042] However, if only a laser is used to harden a frit in
order to seal OLED, a short-term peeling problem and a
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long-term reliability problem occur. In more detail, a laser is
radiated to melt a frit in order to locally apply heat without
affecting the surroundings. Thus, since a temperature rises
and then instantly drops, micro-cracks are formed in a brittle
frit and frequently progress to peeling. Also, after the sealing
process is performed, the micro-cracks coalesce and fre-
quently progress to peeling in a long-term reliability test
process.

[0043] Embodiments of the present invention will now be
described in detail with reference to the attached drawings.
[0044] FIG. 1 is a schematic perspective view of a frit
sealing system according to an embodiment of the present
invention. FIG. 2 is a plan view of the frit sealing system of
FIG. 1, and FIG. 3 is a cross-sectional view of the frit sealing
system of FIG. 1.

[0045] A frit generally indicates powdered glass, but a frit
used in embodiments of the present invention refers to gel
glass in which an organic material is added into powdered
glass or solid glass hardened by a laser.

[0046] Referring to FIGS. 1 through 3, the frit sealing sys-
tem includes a bed 110, a laser radiator 120, a thermal expan-
sion film (or thermal expansion layer) 130, and a mask 140.
[0047] First and second substrates 101 and 102 are dis-
posed sequentially on the bed 110. A frit 103 is coated or
formed between the first and second substrates 101 and 102.
[0048] The laser radiator 120 radiates a laser to the frit 103
coated between the first and second substrates 101 and 102 to
melt the frit 103 to bond the first and second substrates 101
and 102 with the melted frit 103. Here, a laser head 121 is
supported by a laser head guide 122 and installed to move
above the first and second substrates 101 and 102. A heat or
energy source other than a laser radiator 120 may be used to
apply heat to at least one of the second substrate 102, the frit
103, the thermal expansion film 130 and the mask 140. For the
convenience, the laser radiator 120 will be described.

[0049] The thermal expansion film 130 is disposed on the
first and second substrates 101 and 102 on which the laser is
radiated and which are bonded to each other. In one embodi-
ment, only anarea ofthe thermal expansion film 130 on which
the laser is radiated expands in order to locally pressurize
parts of the first and second substrates 101 and 102 around the
bonded parts of the first and second substrates 101 and 102.
The thermal expansion film 130 prevents the mask 140 from
directly contacting the second substrate 102 in order to pre-
vent the second substrate 102 from breaking and being dam-
aged. The thermal expansion film 130 will be described in
more detail later.

[0050] The mask 140 is disposed on the thermal expansion
film 130 to substantially completely pressurize the first and
second substrates 101 and 102. In one embodiment, the mask
140 is formed of a transparent material such as a glass mate-
rial or the like. The transparent mask 140 allows the laser to
transmit therethrough. Here, the mask 140 includes a base
141, which may be formed of a transparent material such as
glass or the like, and a metal layer 142, which covers at least
a portion of the base 141.

[0051] Inoneembodiment, the metal layer 142 is formed of
ametal such as copper (Cu), aluminum (Al), or the like having
high thermal conductivity on a lower surface of the base 141.
In one embodiment, the metal layer 142 is not formed on a
part on which the frit 103 is formed, i.e., on a movement path
of the laser, so that the laser reaches the frit 103. In one
embodiment, the metal layer 142 is deposited to a thickness of
about 1.5 um or more to prevent the metal layer 142 from
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being thermalized or warping due to the increase in tempera-
ture when the laser is blocked.

[0052] Referring to FIG. 2, the frit sealing system substan-
tially simultaneously and/or sequentially bonds the first and
second substrates 101 and 102 in one or more rows and one or
more columns. In one embodiment, one mother substrate is
bonded one time and cut into a plurality of organic light-
emitting display (OLED) apparatuses

[0053] Referring to FIG. 2, substrates in 4 rows “rl,” “r2,”
“r3” and “r4” and substrates in 6 columns “c1,” “c2,” “c3,”
“c4,” “c5,” and “c6” are bonded to one another by the frit
sealing system. In one embodiment, the laser radiator 120
moves along one direction, i.e., direction “x” of FIG. 2, and
radiates the laser on the substrates in the one direction to
sequentially bond the substrates to one another. For example,
the laser radiator 120 moves along edges of the substrates in
the row “r1” and the column “c1” to bond the substrates to one
another. In one embodiment, the laser radiator 120 moves
along the direction “x” to sequentially bond the substrates in
the row “r1” and the column “c2”, the row “r1” and the
column “c3,” the row “r1” and the column “c4”, the row “r1”
and the column “c5,” and the row “r1” and the column “c6”
and moves to the row “r2” to sequentially bonds the substrates
in the row “r2.”

[0054] If the laser radiator 120 includes a plurality of laser
heads 121, the laser radiator 120 may skip the substrates in the
direction “x” one-by-one to substantially simultaneously
bond the substrates to one another. For example, if the laser
radiator 120 includes three laser heads, the laser radiator 120
substantially simultaneously bonds the substrates in the row
“r1” and the column “c1,” the row “r1” and the column “c3,”
and the row “r1” and the column “c5” to one another and
moves to the next column section along the direction “x” to
substantially simultaneously bond the substrates in the row
“r1” and the column “c2”, the row “r1” and the column “c4,”

and the row “r1” and the column “c6” to one another.

[0055] The frit sealing system includes the thermal expan-
sion film 130, which is formed between the first and second
substrates 101 and 102 and the mask 140, to expand a local
area of the thermal expansion film 130 on which the laser is
radiated, in order to locally pressurize the parts around the
bonded parts of the first and second substrates 101 and 102.

[0056] For example, in a structure for coating a glass sub-
strate to seal an OLED apparatus, a gap between a device
substrate and a cap is substantially completely sealed. Thus,
the OLED apparatus is further effectively protected. A cap-
sule sealing method using a frit as described above involves
coating a frit on sealing parts of OLED apparatuses and
moving a laser radiator to radiate a laser on the sealing parts
of the OLED apparatuses in order to harden the frit and seal
the OLED apparatuses. However, if only a laser is used to
harden a frit and seal OLED apparatuses, a short-term peeling
problem and a long-term reliability problem occur. In order to
solve these problems, various general methods had been stud-
ied to mechanically pressurize a side of a substrate. However,
in this case, the substrate is damaged when being pressurized.

[0057] In order to solve this problem, the thermal expan-
sion film 130 is formed between the first and second sub-
strates 101 and 102 and the mask 140 to expand the local area
of the thermal expansion film 130 in order to pressurize the
first and second substrates 101 and 102. As a result, the frit
sealing system improves the adhesive strength of the frit and
long-term reliability of cells.
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[0058] Inoneembodiment, the thermal expansion film 130
is formed of a material having a relatively high thermal
expansion coefficient on the second substrate 102.

[0059] All kinds of materials have thermal expansion coef-
ficients as their own constants. A thermal expansion coeffi-
cient indicates how much a material expands when a tempera-
ture increases by about 1° C. A material having a high thermal
expansion coefficient expands more than a material having a
low thermal expansion coefficient when a temperature
increases by about 1° C. In general, a thermal expansion
coefficient of liquid is higher than that of solid, and materials
such as polymer, elastomer, wood, and the like have higher
thermal expansion coefficients than metals.

[0060] Inoneembodiment, the thermal expansion film 130
meets a few requirements. The thermal expansion film 130
has a sufficient heat resistance. Even though laser does not
directly contact a thermal expansion film when sealing, a
temperature of at least about 200° ¢ or more is applied to fully
expand the thermal expansion film 130 in order to pressurize
a substrate. In one embodiment, the thermal expansion film
130 is formed of a material which endures a temperature of
about 250° C. or more for several seconds. In one embodi-
ment, the material of the thermal expansion film does not
include moisture or the like because a material which emits
moisture when a temperature increases highly becomes a
problem in a sealing process.

[0061] The thermal expansion film 130 having a high ther-
mal expansion coefficient and a high heat resistance as
described above is formed on the second substrate 102. In one
embodiment, the thermal expansion film 130 is formed of
polymer, elastomer, or the like having a high thermal expan-
sion coefficient.

[0062] An area of the thermal expansion film 130 is pat-
terned such that the thermal expansion film 130 is not formed
on a parton which the frit 103 is coated, i.e., on the movement
path of the laser. The thermal expansion film 130 is patterned
such that the thermal expansion film 130 is not formed on a
radiation path of the laser in FIG. 3, but is not limited thereto.
The thermal expansion film 130 may be formed on the whole
surface of the second substrate 102. In this case, the thermal
expansion film 130 is formed of a transparent material so that
a laser “L” reaches the frit 103.

[0063] The mask 140 including the base 141 and the metal
layer 142 is disposed on the thermal expansion film 130 of
which area has been patterned.

[0064] When the laser “L” radiated from the laser radiator
120 passes through the mask 140, i.e., a portion of the laser
“L” passes through an upper surface of the frit 103, where the
portion of the laser “L” is absorbed into the frit 103 through
the base 141 and the metal layer 142 of the mask 140 and the
thermal expansion film 130. Thus, the portion of the laser “L”
melts the frit 103 to bond the first and second substrates 101
and 102 to each other. Thermal energy blocked by the metal
layer 142 of the mask 140 increases a temperature of the metal
layer 142 of the mask 140. When the thermal energy is trans-
mitted downward, the temperature of the thermal expansion
film 130 having the high thermal expansion coefficient
increases. Thus, the thermal expansion film 130 expands,
thereby pressurizing the second substrate 102 on which the
thermal expansion film 130 is positioned. In one embodi-
ment, only an area around an area of the thermal expansion
film 130 on which the laser is radiated, i.e., an area around the
frit 103, expands, thereby pressurizing the second substrate
102.
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[0065] Since the thermal expansion film 130 expands
upward and downward, the thermal expansion film 130
applies a force in a direction for raising the mask 140. In one
embodiment, a pressurizer or a pressurizing layer (not shown)
is further formed to pressurize the mask 140 downward so
that the thermal expansion film 130 does not raise the mask
140. In one embodiment, if the pressurizer is formed, the
thermal expansion film 130 expands only in a direction for
pressurizing the second substrate 102 downward without
raising the mask 140.

[0066] Therefore, the frit sealing system, including the
thermal expansion film 130, considerably improves a bond-
ing quality. In addition, only the area of the thermal expansion
film 130 next to the frit 103 may expand to pressurize the
second substrate 102 so as to focus a pressure on the bonded
part, thereby obtaining a high bonding quality. Moreover, the
thermal expansion film 130 is interposed between the second
substrate 102 and the mask 140 in order to prevent the second
substrate 102 from being damaged due to direct contact with
the mask 140.

[0067] FIG. 4 is a schematic cross-sectional view of an
OLED apparatus 300 manufactured by a frit sealing system
according to an embodiment of the present invention.

[0068] Referring to FIG. 4, a plurality of thin film transis-
tors (TFTs) 320 are disposed on a substrate 301, and an
OLED 330 is formed on the TFTs 320. The OLED 330
includes a pixel electrode 331 which is electrically connected
to the TFTs 320, a counter (or opposite) electrode 335 which
is disposed above the whole surface of the substrate 301, and
an intermediate layer 333 which is interposed between the
pixel electrode 331 and the counter electrode 335 and has at
least one light-emitting layer.

[0069] The TFTs 320 are formed on the substrate 301 and
include gate electrodes 321, source and drain electrodes 323,
semiconductor layers 327, gate insulating layers 313, and
interlayer insulating layers 315. The TFTs 320 are not limited
to the presentembodiment of FIG. 4 and may be organic TFTs
including the semiconductor layers 327 formed of an organic
material, silicon TFTs including the semiconductor layers
327 formed of silicon, or the like. In one embodiment, a buffer
layer 311 is further formed of silicon oxide or silicon nitride
between the TFTs 320 and the substrate 301.

[0070] The OLED 330 includes the pixel electrode 331 and
the counter electrode 335 which are opposite to each other,
and the intermediate layer 333 which is interposed between
the pixel and counter electrodes 331 and 335. The intermedi-
ate layer 333 includes a plurality of layers including at least
one light-emitting layer. These light-emitting layers will be
described in detail later.

[0071] Inoneembodiment, the pixel electrode 331 operates
as an anode electrode, and the counter electrode 335 operates
as a cathode electrode. In another embodiment, the pixel
electrode 331 operates as a cathode electrode, and the counter
electrode 335 operates as an anode electrode.

[0072] In one embodiment, the pixel electrode 331 is a
transparent electrode or a reflective electrode. If the pixel
electrode 331 is a transparent electrode, the pixel electrode
331 may be formed of ITO, IZO, ZnO, or In,0;. Otherwise,
if the pixel electrode 331 is a reflective electrode, the pixel
electrode 331 may include a reflective layer formed of, for
example, Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or acompound
of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, and Cr and a layer formed
of ITO, [Z0, ZnO, or In,O; on the reflective layer.
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[0073] In one embodiment, the counter electrode 335 is
also a transparent electrode or a reflective electrode. If the
counter electrode 335 is a transparent electrode, the counter
electrode 335 may include i) a layer which is formed of, for
example, Li, Ca, LiF/Ca, LiF/Al, Al, Mg, or a compound of
Li, Ca, LiF/Ca, LiF/Al, Al, and Mg to face the intermediate
layer 333 between the pixel and the counter electrodes 331
and 335, and ii) an auxiliary electrode or a bus electrode line
which is formed of a transparent electrode material such as
ITO, 170, ZnO, or In,05 on the layer. Otherwise, if the
counter electrode 335 is a reflective electrode, the counter
electrode 335 is formed of Li, Ca, LiF/Ca, LiF/Al, Al, Mg, or
a compound of Li, Ca, LiF/Ca, LiF/Al, Al, and Mg.

[0074] In one embodiment, a pixel-defining layer (PDL)
319 covers ends of the pixel electrode 331 and has a thickness
that increases toward the edge of the pixel electrode 331. The
PDL 319 defines a light-emitting area and widens a gap
between the end of the pixel electrode 331 and the counter
electrode 335 in order to prevent an electric field from focus-
ing on the ends of the pixel electrode 331. Thus, the PDL 319
prevents the pixel electrode 331 and the counter electrode 335
from short-circuiting.

[0075] In one embodiment, one of various types of inter-
mediate layers 333 including at least one light-emitting layer
is formed between the pixel electrode 331 and the counter
electrode 335. The at least one light-emitting layer of the
intermediate layer 333 may be formed of a low molecular
weight organic material or a polymer organic material.
[0076] In one embodiment, if the intermediate layer 333 is
formed of a low molecular weight organic material, 1) a hole
injection layer (HIL), ii) a hole transport layer (HTL), iii) an
emission layer (EML), iv) an electron transport layer (ETL),
v) an electron injection layer (EIL), and the like are stacked in
asingle or complex structure in order to form the intermediate
layer 333. Copper phthalocyanine (CuPc), N.N'-Di(naphtha-
lene-1-y1)-N,N'-diphenyl-benzidine (NPB), and tris-8-hy-
droxyquinoline aluminum (Alq3) may be used as low
molecular weight organic materials. These low molecular
weight organic materials may be formed using a method such
as a vacuum deposition method or the like using masks.
[0077] Inoneembodiment, if the intermediate layer 333 is
formed of the polymer organic material, the intermediate
layer 333 includes an HTL and an EML. Here, the HTL may
be formed of poly(3,4-ethylenedioxythiophene) (PEDOT),
and the EML may be formed of a polymer organic material
such as Poly-Phenylenevinylene (PPV), Polyfluorene, or the
like.

[0078] The OLED 330 is electrically connected to the TFTs
320. Here, if a planarizing layer 317 is formed to cover the
TFTs 320, the OLED 330 is disposed on the planarizing layer
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317, and the pixel electrode 331 of the OLED 330 is electri-
cally connected to the TFTs 320 through contact holes formed
in the planarizing layer 317.

[0079] The OLED 330 formed on the substrate 301 is
sealed by a sealing substrate 302. The sealing substrate 302 is
formed of one of various types of materials including glass,
plastic, and the like.

[0080] According to at least one embodiment, in a frit seal-
ing system and a method of manufacturing an OLED appa-
ratus using the frit sealing system, an adhesive strength of a
frit is improved, without damaging the substrate. Thus, the
long-term reliability of cells is improved.

[0081] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims.

What is claimed is:

1. A method of manufacturing an organic light emitting
display apparatus using a frit sealing system bonding first and
second substrates to each other using a frit, comprising:

forming the frit on one of the first and second substrates;

forming the second substrate on the first substrate;
forming a thermal expansion film on the second substrate;
and

forming a mask on the thermal expansion film;

applying heat to the second substrate and the thermal

expansion film to harden the frit so that at least part of the
thermal expansion film expands by the heat and pressur-
izes the second substrate.

2. The method of claim 1, wherein the second substrate is
heated by radiation of a laser.

3. The method of claim 2, wherein the radiation of the laser
on the second substrate and the thermal expansion film com-
prises:

first radiating a portion of the laser toward the second

substrate to melt the frit; and

second radiating another portion of the laser to expand the

thermal expansion film around the frit.

4. The method of claim 3, wherein the mask comprises a
base formed of a transparent material and a metal layer
formed on a surface of the base, and wherein the second
radiating comprises heating the metal layer of the mask so
that the heated metal layer expands the thermal expansion
film.

5. The method of claim 2, further comprising pressurizing
the mask to prevent the mask from moving when the thermal
expansion film expands.
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