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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean
Patent Application No. 10-2006-0008460, filed on Jan. 26,
2006, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light-
emitting display device. More particularly, the invention
relates to an organic light-emitting display device encapsu-
lated with a frit to prevent an infiltration of oxygen and
moisture thereinto.

[0004] 2. Description of the Related Art

[0005] In general, an organic light-emitting display device
comprises a first substrate comprising a pixel region and a
non-pixel region, and a second substrate opposed and dis-
posed to the first substrate and bonded to the first substrate
with sealant such as epoxy for encapsulation.

[0006] In the pixel region of the first substrate, a plurality
of organic light-emitting diodes are formed at intersecting
portions of scan lines and data lines in the form of a matrix.
Each organic light-emitting diode comprises i) an anode
electrode, ii) a cathode electrode and iii) an organic thin film
layer. The organic thin film layer may comprise a hole
transporting layer, the cathode electrode, a light-emitting
layer, and an electron transporting layer. The thin film layer
may be formed between the anode electrode and the cathode
electrode.

[0007] Since the organic light-emitting diode includes
organic material, it is vulnerable to degradation in the
presence of oxygen. Further, since the cathode electrode is
made of a metal material, it may be oxidized by moisture in
the air so as to degrade its electrical and light-emitting
characteristics. To prevent this, a moisture absorbent mate-
rial is mounted on a container, e.g., manufactured in the form
of a can or cup made of metal material, or on a second
substrate of organic, plastic, etc., in the form of powder, or
adhered thereto in the form of a film, thereby removing
moisture penetrating from the surroundings.

[0008] However, the method of mounting the moisture
absorbent material in the form of powder can cause prob-
lems such as complicating the process, increasing material
and process costs, increasing the thickness of a display
device, and being difficult to apply to a front light-emitting
display configuration. Also, the method of adhering mois-
ture absorbent material in the form of a film can cause
problems in that it is limited in its ability to remove moisture
and it is difficult to apply to mass production due to low
durability and reliability.

[0009] Therefore, in order to solve such problems, there
has been proposed a method of encapsulating a light-
emitting element by forming a sidewall with a frit.
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[0010] U.S. patent Ser. No. 10/414,794 (Apr. 16, 2003)
discloses a glass package encapsulated by adhering a first
glass plate and a second glass plate with a frit and method
of manufacturing the same.

SUMMARY OF CERTAIN INVENTIVE
ASPECTS

[0011] One aspect of the present invention provides an
organic light-emitting display device capable of preventing
an electrode line intersected with a frit from being deformed
by laser and improving the adhesion of the electrode line
with the frit.

[0012] Another aspect of the present invention provides an
organic light-emitting display device comprising: i) a first
substrate comprising a pixel region wherein a pixel is
formed, and a non-pixel region encompassing the pixel
region, ii) a second substrate opposed and bonded to the first
substrate in a region comprising the pixel region, iii) a frit
positioned in the non-pixel region between the first substrate
and the second substrate, the frit serving to bond the first
substrate and the second substrate, and iv) at least one
electrode line formed on the first substrate and overlapped
with a portion of the frit, wherein the electrode line com-
prises at least one opening in an intersecting region over-
lapped with the frit.

[0013] Insome embodiments, the electrode line comprises
at least one of a scan line, a data line, and a power supply
line. In some embodiments, the opening is formed by
removing a portion of the electrode line in a predetermined
shape. In some embodiments, the opening is formed in the
shape of at least one of a quadrangle, a triangle, an inverted
triangle, and a circle. In some embodiments, the width of the
electrode line in the intersecting region is set to be different
from the width thereof in the region outside of the inter-
secting region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and/or other aspects and advantages of the
invention will become apparent and more readily appreci-
ated from the following description of the preferred embodi-
ments, taken in conjunction with the accompanying draw-
ings of which:

[0015] FIG. 1 is a view showing a first substrate of an
organic light-emitting display device according to an
embodiment of the present invention;

[0016] FIG. 2a and FIG. 2b are views showing a second
substrate opposed and bonded to the first substrate;

[0017] FIG. 3 is a schematic view showing a bonded shape
of a second substrate and a first substrate;

[0018] FIG. 4 is a view showing an intersection region of
a frit and an electrode line;

[0019] FIG. 5 is a view showing an intersecting region of
a frit and an electrode line according to an embodiment of
the present invention; and

[0020] FIG. 6a and FIG. 65 are views showing various
embodiments of openings formed in the electrode line.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0021] Embodiments of the present invention will be
described with reference to the accompanying drawings.
Herein, when one element is described as being connected
to another element, one element may be not only directly
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connected to another element but may also be indirectly
connected to another element via yet another element.
Further, irrelevant elements are omitted for clarity. Also, like
reference numerals refer to like elements throughout.
[0022] FIG. 1 shows an organic light-emitting display
device according to an embodiment of the present invention.
[0023] Referring to FIG. 1, a first substrate 200 is com-
prised of a pixel region 210 and a non-pixel region 220
encompassing the pixel region 210. The pixel region 210
comprises formed scan lines 1045 and data lines 106¢, and
pixels 100 electrically connected to the scan lines 1045 and
the data lines 106¢. The non-pixel region 220 is formed with
a scan driver 410 connected with the scan lines 1045 and a
data driver 420 connected with the data lines 106c. The
non-pixel region 220 is formed with a power supplying line
(not shown) for supplying power to the pixels 100 and the
pads 104¢ and 106d connected with the external driving
circuit (not shown).

[0024] Each pixel 100 comprises an organic light-emitting
diode (not shown) and at least one thin film transistor for
driving the organic light-emitting diode. The organic light-
emitting diode is comprised of an anode electrode, a cathode
electrode; and an organic thin film layer comprising a hole
transporting layer, a light-emitting layer, and an electron
transporting layer, which are formed between the anode
electrode and the cathode electrode. The thin film transistor
comprises a gate electrode, a source electrode and a drain
electrode and controls an amount of current supplied to the
organic light-emitting diode. One of the pixels 100 is driven
when a scan line 1045, connected to the pixel 100, is
supplied with scan signals, and data signals are received
from the electrically connected data line 106¢, so as to
generate a predetermined brightness light corresponding to
the received data signals.

[0025] The scan driver 410 sequentially supplies the scan
signals to the scan lines 1045 on the basis of control signals
supplied from first pads 104¢. As a result, the pixels 100
connected with the scan lines 1045 are sequentially selected.
[0026] The data driver 420 receives data and control
signals from second pads 106d. The data driver 420 receiv-
ing the data and control signals supplies the data signals to
the data lines 106c. Here, the data signals supplied to the
data lines 106¢ are supplied to the pixels 100 selected by the
scan signals.

[0027] The pads 104c and 106d are electrically connected
with the external driving circuit. Here, the first pads 104¢ are
connected with the scan driver 410 to supply the control
signal to the scan driver 410, thereby driving the scan driver
410. And, the second pads 106d are electrically connected
with the data driver 420 to supply the control signal and data
to the data driver 420, thereby driving the data driver 420.
[0028] FIGS. 2a and 2b are a plan view and a sectional
view of a second substrate bonded to a first substrate. Here,
the second substrate (e.g., a sealing substrate 300) is bonded
to the first substrate 200 (shown in FIG. 1) so as to prevent
moisture from infiltrating into certain internal components
of the pixel region 210.

[0029] Referring to FIGS. 2a and 25, the second substrate
300 is provided with a frit 320 in order to bond to the first
substrate 200.

[0030] A process of producing the frit 320 will be briefly
described as follows. In general, the frit in the form of glass
powder is produced by rapidly falling temperature in the
course of heating glass material at high temperature. When
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oxide powder is included in the frit in powder form and
organic matter is then added to it, a paste in a gel state is
produced. The paste is applied to the edge of the second
substrate 300 and then heated to a predetermined tempera-
ture, such that the organic matter burns and dissipates into
the air and the paste in the gel state is cured and attached to
the second substrate 300 in a solid state frit 320. Here, the
temperature at which the frit 320 burns is about 300° C. to
about 500° C. In one aspect, the frit 320 is formed at the
height of about 14 to about 15 um and the width of about 0.6
to about 0.7 mm in order to be able to stably bond the second
substrate 300 and the first substrate 200.

[0031] After forming the solid state frit 320, the first
substrate 200 and the second substrate 300 are bonded
together. When bonding the first substrate 200 and the
second substrate 300, the pixel region 210 is encapsulated to
prevent an infiltration of oxygen and moisture thereinto. To
this end, when bonding the second substrate 300 and the first
substrate 200, the frit 320 is preferably positioned in the
non-pixel region 220. The frit 320 is then irradiated with
laser and/or infrared rays from an external source, until it is
melted to bond the first substrate 200 and the second
substrate 300.

[0032] FIG. 3 is a schematic view of the second substrate
300 bonded to the first substrate 200. Although FIG. 3 shows
the frit 320 positioned inside the scan driver 410, the present
invention is not limited thereto. For example, the frit 320 can
be positioned outside the scan driver 410 to surround and/or
overlap the scan driver 410.

[0033] Referring to FIG. 3, the frit 320 is positioned in the
non-pixel region 220 to bond the first substrate 200 and the
second substrate 300. In some embodiments, the frit 320 is
positioned in the non-pixel region 220 and is then irradiated
with infrared rays so that the frit 320 is melted and bonded
to the first substrate 200, thereby bonding the first substrate
200 and the second substrate 300. After the frit 320 is
melted, the first substrate 200 and the second substrate 300
are bonded by the frit 320, thereby preventing oxygen and
moisture, etc., from infiltrating into the pixel region 210.

[0034] Meanwhile, when bonding the first substrate 200
and the second substrate 300 as in FIG. 3, the frit 320
overlaps with at least one electrode line. For example, the
frit 320 may overlap with the scan line 104¢, the data line
106¢, and the power supply line (not shown). Here, the
electrode lines are formed at the time of forming the thin
film transistor and/or the organic light-emitting diode, which
is included in the pixel 100. The electrode lines can be
formed of at least one of a gate metal, a source/drain metal,
an anode metal when forming the thin film transistor. For
example, the scan line 1045 can be formed of the gate metal,
the data line and the power supply line can be formed of the
source/drain metal. The electrode lines can be formed of the
same substance as a semiconductor layer when forming the
thin film transistor.

[0035] Meanwhile, in the intersecting region of the frit
320 and the electrode lines the laser irradiating the frit 320
also irradiates the electrode lines. In this case, the electrode
lines positioned at the intersecting region may be heated to
a high temperature when irradiated by the laser. The high
temperature may result in a deformation of the electrode
lines. As shown in FIG. 4, the electrode lines 400 that
overlap with the frit 320 in the intersecting region, are
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cracked by high temperature and their resistance value and
electrical characteristics are changed, thereby deteriorating
reliability.

[0036] Another problem caused by the high temperature is
that the adhesion between the electrode lines 400 and the frit
320 is deteriorated. It is estimated that the problem is caused
when the laser is supplied to the electrode lines 400 while
irradiating the frit 320. The laser is then reflected from the
electrode lines 400 and is resupplied to the frit 320, thereby
causing the overheating. In this case, the frit 320 rises to a
higher temperature than is desired, thereby deteriorating the
adhesion characteristics of the frit 320.

[0037] In order to overcome these problems, an aspect of
the present invention comprises forming the intersecting
region of the frit 320 and the electrode line 400 as shown in
FIG. 5.

[0038] FIG. 5 shows the interesting region of the frit 320
and the electrode line 400. Referring to FIG. 5, in the
intersecting region of the frit 320 and the electrode line 400,
the electrode line 400 is formed with at least one opening
402. In the intersecting region, the openings 402 formed in
the electrode line 400 allow transmission of the laser sup-
plied to the frit 320, instead of reflecting the laser back onto
the frit 320. As a result, the amount of laser, which is directly
supplied to the electrode line 400 from the intersecting
region, is reduced, thereby preventing the temperature of the
electrode line 400 from rapidly rising. In other words, the
present invention can prevent the crack of the electrode line
400 in the intersecting region by the openings 402 formed at
the electrode line 400.

[0039] Also, since the openings 402 transmit the laser, the
amount of laser supplied to the frit 320 is also reduced. If the
amount of laser resupplied to the frit 320 from the electrode
line 400 reduces, the temperature rise of the frit 320 can also
be reduced, thereby improving the adhesion between the frit
320 and the electrode line 400.

[0040] Meanwhile, due to the openings 402 formed in the
electrode line 400 at the intersection region of the frit 320,
there is a risk that the resistance value of the electrode line
400 could be reduced below a desired value. To prevent this,
the width L2 of the electrode line 400 in the intersecting
region is formed wider than the width L1 of the electrode
line 400 in the non-intersecting regions.

[0041] Although FIG. 5 shows a quadrangular shape of the
openings 402, the present invention is not limited thereto.
For example, the openings 402 can be formed in the shape
of a circle, a triangle, or an inverted triangle, etc., as shown
in FIGS. 6a and 6b. In fact, in the present invention, the
openings 402 can be formed by removing a portion of the
electrode line 400, where the shape of the openings 402 can
be any shape.

[0042] As described above, the organic light-emitting dis-
play device forms at least one opening in the electrode lines
in the intersecting region of the frit and the electrode lines.
If the opening in the electrode line is formed as described
above, the amount of laser irradiated to the electrode line is
reduced, thereby preventing cracking, etc., from being gen-
erated in the electrode line. Also, if the opening is formed at
the electrode line, the amount of laser resupplied to the frit
from the electrode line is reduced, thereby improving the
adhesion between the frit and the electrode line.

[0043] Although a few embodiments of the present inven-
tion have been shown and described, it would be appreciated
by those skilled in the art that changes might be made in
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these embodiments without departing from the principles
and spirit of the invention, the scope of which is defined in
the claims and their equivalents.

What is claimed is:

1. An organic light-emitting display device comprising:

a first substrate comprising a pixel region wherein a pixel
is formed, and a non-pixel region outside of the pixel
region;

a second substrate opposed and bonded to the first sub-
strate in a region encompassing the pixel region;

a frit positioned in the non-pixel region between the first
substrate and the second substrate, the frit serving to
bond the first substrate and the second substrate; and

at least one electrode line formed on the first substrate and
overlapped with a portion of the frit, wherein the
electrode line comprises at least one opening in an
intersecting region overlapped with the frit.

2. The organic light-emitting display device as claimed in
claim 1, wherein the electrode line comprises at least one of
a scan line, a data line, and a power supply line.

3. The organic light-emitting display device as claimed in
claim 1, wherein the frit is melted when it is irradiated with
laser or infrared rays to bond the first substrate and the
second substrate.

4. The organic light-emitting display device as claimed in
claim 1, wherein the opening is formed by removing a
portion of the electrode line.

5. The organic light-emitting display device as claimed in
claim 4, wherein a shape of the formed opening is at least
one of a quadrangle, a triangle, an inverted triangle, and a
circle.

6. The organic light-emitting display device as claimed in
claim 1, wherein a width of the electrode line in the
intersecting region is different from a width of the electrode
line in a region outside of the intersecting region.

7. The organic light-emitting display device as claimed in
claim 6, wherein the width of the electrode line in the
intersecting region is wider than the width of the electrode
line in the region outside of the intersecting region.

8. The organic light-emitting display device as claimed in
claim 1, wherein the pixel comprises at least one thin film
transistor and an organic light-emitting diode.

9. The organic light-emitting display device as claimed in
claim 8, wherein the electrode line is formed when the thin
film transistor or the organic light-emitting diode is formed
and formed of a same substance as the thin film transistor or
the organic light-emitting diode, wherein the same substance
comprises at least one of a gate metal, a source/drain metal,
an anode metal, and a semiconductor layer.

10. A method of making an organic light-emitting diode
display device comprising:

forming one or more pixels in a pixel region of a first
substrate;

applying a frit material on the first substrate or on a
second substrate;

forming one or more electrode lines on the first substrate;
and

bonding the first substrate to the second substrate with the
frit;

wherein the one or more electrode lines comprise at least
one opening in a region where the one or more elec-
trode lines intersect the frit.
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11. The method of claim 10, wherein the bonding com-
prises melting the frit by irradiating the frit with laser or
infrared radiation.

12. The method of claim 10, further comprising forming
the opening in the one or more electrode line by removing
a portion of the electrode line.

13. The method of claim 12, wherein a shape of the
removed portion of the one or more electrode lines is at least
one of a quadrangle, a triangle, and a circle.

14. The method of claim 10, wherein forming the elec-
trode lines comprises forming the one or more electrode
lines to have a different width in the intersecting region than
in a region outside of the intersecting region.

15. The method of claim 14, wherein the width of the
electrode lines in the intersecting region is greater than the
width of the electrode lines outside of the intersecting
region.

16. The method of claim 10, wherein the frit material
comprises an oxide and an organic material, and further
wherein the bonding comprises:

heating the frit material to a temperature sufficient to burn

the organic material, thereby dissipating substantially
all of the organic material.
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17. A display device comprising:

a first substrate comprising one or more pixels formed on

the first substrate;

a frit positioned around the pixels;

a second substrate opposed and bonded to the first sub-

strate; and

at least one electrode line formed on the first substrate and

intersecting a portion of the frit, wherein the electrode
line comprises at least one opening in the intersecting
portion;

wherein the frit bonds the first substrate and the second

substrate.

18. The display device of claim 17, wherein the frit
comprises an oxide material.

19. The display device of claim 17, wherein the width of
the electrode line in the intersecting portion is different from
the width of the electrode line outside of the intersecting
portion.

20. The display device as claimed in claim 19, wherein the
width of the electrode line in the intersecting portion is wider
than the width of the electrode line in the region outside of
the intersecting portion.
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