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(57) ABSTRACT

A method of manufacturing an organic light emitting diode
(OLED) display according to an exemplary embodiment
includes: forming a diplay unit displaying an image and a
driver positioned near the display unit to drive a light emitting
element of the display unit in a lower mother substrate; form-
ing a sealant and a plurality of bumps in an upper mother
substrate; aligning the lower mother substrate and the upper
mother substrate to face each other; melting and hardening
the sealant to combine the lower mother substrate and the
upper mother substrate; cutting the upper mother substrate;
and cutting the lower mother substrate, wherein the cutting of
the upper mother substrate is performed according to a first
cutting line between the sealant and the bumps and a second
cutting line corresponding to the bumps.
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FIG. 3
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METHOD FOR MANUFACTURING ORGANIC
LIGHT EMITTING DIODE DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0100973 filed in the
Korean Intellectual Property Office on Sep. 12, 2012, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Aspects of embodiments of the present invention
relate to a method of manufacturing an organic light emitting
diode (OLED) display.

[0004] 2. Description of the Related Art

[0005] An organic light emitting diode (OLED) display
includes a plurality of OLEDs, which each include a hole
injection electrode, an organic emission layer, and an electron
injection electrode. Each OLED emits light when excitons
(generated as electrons and holes are combined) drop from an
excited state to a ground state, and the OLED display displays
an image by using the emitted light.

[0006] Accordingly, the OLED display has self-luminance
characteristics, and unlike a liquid crystal display (LCD), the
thickness and weight thereof are small because a separate
light source is not required. Further, because the OLED dis-
play has high quality characteristics, such as low power con-
sumption, high Iuminance, and high reaction speed, the
OLED display is appropriate for use in mobile electronic
devices.

[0007] However, the OLED may become deteriorated due
to internal and/or external factors. Regarding the internal
factors, the organic emissive layer may become deteriorated
under the atmosphere of oxygen due to indium tin oxide
(ITO) being the electrode material, or under the interfacial
reaction between organic layer components of the organic
emissive layer. The external factors include external moisture
and oxygen, and ultraviolet rays. In particular, because the
external oxygen and moisture seriously influence the life span
of the OLED, it may be desirable to package the OLED such
that it is sealed from the outside in a vacuum-tight manner.
[0008] The organic light emitting diode (OLED) display
includes a pixel area where the organic light emitting element
is formed and a non-pixel area where a scan driver and a pad
portion are formed. An encapsulation substrate to protect the
organic light emitting element may be formed on the pixel
area including the organic light emitting element.

[0009] Additionally, the organic light emitting diode
(OLED) display may be formed by forming a plurality of
organic light emitting diode (OLED) displays on a mother
substrate, and cutting each organic light emitting diode
(OLED)display as a unit cell, and then, a lower substrate may
be cut after cutting the encapsulation substrate.

[0010] However, the encapsulation substrate may be dam-
aged by stresses generated in a cutting process, which may
allow external oxygen and/or moisture to penetrate the dis-
play device.

[0011] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the described technology, and therefore, it
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may contain information that does not form the prior art that
is already known in this country to a petson of ordinary skill
in the art.

SUMMARY

[0012] One or more embodiments of the present invention
provide a method of manufacturing an organic light emitting
diode (OLED) display in which damage by a cutting process
is prevented (or reduced).

[0013] A method of manufacturing an organic light emit-
ting diode (OLED) display according to an exemplary
embodiment includes: forming a display unit, which is for
displaying an image, and a driver, which is positioned near the
display unit to drive a light emitting element of the display
unit, on a lower mother substrate; forming a sealant and a
plurality of bumps on an upper mother substrate; aligning the
lower mother substrate and the upper mother substrate to face
each other; melting and hardening the sealant to attach the
lower mother substrate to the upper mother substrate; cutting
the upper mother substrate; and cutting the lower mother
substrate. Here, the cutting of the upper mother substrate is
performed along a first cutting line, which is between the
sealant and the bumps, and along a second cutting line corre-
sponding to the bumps.

[0014] Thebumps may be formed at intervals according to
the second cutting line. The intervals may be smaller than a
wheel diameter of a cutter.

[0015] The bumps may be formed in a plurality of columns
according to the second cutting line, and bumps of adjacent
columns may be alternately positioned.

[0016] Thebumps may be formed with the same material as
the sealant. According to an embodiment of the present inven-
tion, the bumps and the sealant include frit glass.

[0017] A plane shape of the bump may be circular or
polygonal. The bumps may be inclined with respect to the
second cutting line.

[0018] The method may further include: curing the bumps
and the sealant before aligning the upper mother substrate and
the lower mother substrate.

[0019] The method may further include melting the bumps
after aligning the upper mother substrate and the lower
mother substrate. According to an embodiment of the present
invention, the bumps are not hardened after the melting
operation.

[0020] The first cutting line may be spaced apart from the
sealant by about 0.07 mm.

[0021] According to an embodiment of the present inven-
tion, the display unit includes at least one pixel including: the
light emitting element; and a pixel circuit coupled to the light
emitting element and including at least one transistor and at
least one capacitor.

[0022] According to another embodiment of the present
invention, a method of manufacturing a plurality of organic
light emitting diode (OLED) displays includes: forming a
plurality of display units, each of which is for displaying an
image, and a plurality of drivers, each of which is positioned
near a corresponding display unit to drive a light emitting
element of the corresponding display unit, on a lower mother
substrate; forming a sealant and a plurality of bumps on an
upper mother substrate; aligning the lower mother substrate
and the upper mother substrate to face each other; melting and
then hardening the sealant to attach the lower mother sub-
strate to the upper mother substrate; cutting the upper mother
substrate; and cutting the lower mother substrate. Here, the
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display units are arranged in rows and columns on the lower
mother substrate, and the cutting of the upper mother sub-
strate is performed along a plurality of first cutting lines that
are between the sealant and the bumps and along a plurality of
second cutting lines corresponding to the bumps.

[0023] The bumps, the first cutting lines, and the second
cutting lines may each be located between adjacent rows of
the display units.

[0024] The cutting of the upper substrate may further be
performed along a plurality of third cutting lines that are
located between adjacent columns of the display units. The
third cutting lines may be spaced apart from the sealant by
about 0.07 mm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The above and other features and aspects of the
present invention will become more apparent from the
detailed description taken in conjunction with the figures,
which illustrate exemplary embodiments of the present
invention.

[0026] FIG. 1 is an equivalent circuit of an organic light
emitting diode (OLED) display according to an exemplary
embodiment of the present invention.

[0027] FIG. 2 is a schematic cross-sectional view of the
organic light emitting diode (OLED) display shown in FIG. 1.
[0028] FIG. 3 is a flowchart illustrating a method of manu-
facturing an organic light emitting diode (OLED) display
from a mother panel according to an exemplary embodiment
of the present invention.

[0029] FIG. 4to FIG. 7 are views illustrating a sequence of
manufacturing the organic light emitting diode (OLED) dis-
play according to an exemplary embodiment according to the
flowchart of FIG. 3.

[0030] FIGS. 8 to 10 are layout views of an upper mother
substrate according to another exemplary embodiment.

DETAILED DESCRIPTION

[0031] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
invention.

[0032] The drawings and description are to be regarded as
illustrative in nawre and not restrictive. Like reference
numerals designate like elements throughout the specifica-
tion.

[0033] Further, the size and thickness of the elements
shown in the drawings are arbitrarily illustrated for better
understanding and ease of description, and the present inven-
tion is not necessarily limited thereto. For example, in the
drawings, the thickness of layers, films, panels, regions, etc.,
are exaggerated for clarity.

[0034] Herein, when an element such as a layer, film,
region, or substrate is referred to as being “on” another ele-
ment, it can be directly on the another element or one or more
intervening elements may be interposed therebetween. In
addition, when an element is referred to as being “coupled”
(e.g., electrically coupled or connected) to another element, it
may be directly coupled to the another element or indirectly
coupled to the another element with one or more other ele-
ments interposed therebetween.
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[0035] 1In addition, unless explicitly described to the con-
trary, the word “comprise” and variations such as “com-
prises” or “comprising” will be understood to imply the inclu-
sion of stated elements but not the exclusion of any other
elements. In addition, “on” is either positioned on or below a
portion of a target or positioned on the upper side based on a
gravity direction, throughout the specification.

[0036] A method of manufacturing an organic light emit-
ting diode (OLED) display according to an exemplary
embodiment will now be described with reference to the
accompanying drawings.

[0037] FIG.1is anequivalent circuit of a pixel of an organic
light emitting diode (OLED) display according to an exem-
plary embodiment, and FIG. 2 is a schematic cross-sectional
view of the organic light emitting diode (OLED) display
shown in FIG. 1.

[0038] AsshowninFIG. 2, the organic light emitting diode
(OLED) display includes a substrate 18 and an encapsulation
substrate 20 facing each other, and the substrate 18 and the
encapsulation substrate 20 are sealed by a sealant 320. The
substrate 18 includes a display unit A1 including a plurality of
pixels and a driver A2 to drive the display unit Al.

[0039] One pixel of the display unit Al includes an organic
light emitting element EL and a driving circuit. The organic
light emitting element EL includes a first electrode (a hole
injection electrode) 22, an organic emission layer 24, and a
second electrode (an electron injection electrode) 26.

[0040] The organic emission layer 24 may further include
an emission layer (not shown) that substantially emits light,
and organic layers (not shown) for efficient transmission of
holes or electrons to the emission layer. The organic layers
may include a hole injection layer (HIL) and a hole transport
layer (HTL) between the first electrode 22 and the emission
layer, and a hole injection layer (HIL) and a hole transport
layer (HTL) between the second electrode 26 and the emis-
sion layer.

[0041] A driving circuit may include at least two thin film
transistors T1 and T2 and at least one storage capacitor C1.
The at least two thin film transistors may include a switching
transistor T1 and a driving transistor T2.

[0042] InFIG.1, the switching transistor T1 is coupled toa
scan line SL1 and a data line DL1, and transmits the data
voltage input to the data line DL1 to the driving transistor T2
according to the switching voltage input to the scan line SL1.
The storage capacitor C1 is coupled to the switching transis-
tor T1 and a power source line VDD, and stores a voltage
corresponding to a difference between the voltage transmitted
from the switching transistor T1 and the voltage supplied to
the power source VDD.

[0043] The driving transistor T2 is coupled to the power
source line VDD and the storage capacitor C1 and supplies an
output current 1,; -, that is proportional to the square of a
voltage difference of a voltage stored in the storage capacitor
C1 and a threshold voltage to the OLED EL. The OLED EL
emits light according to the output current I,; zr,. The driving
transistor T2 includes a source electrode 30, a drain electrode
32, and a gate electrode 28. The anode 22 of the OLED EL
may be connected to the drain electrode 32 of the driving
transistor T2. A configuration of the pixel is not limited to the
above-described example, and can be variously modified.
[0044] The driver A2 includes pad wires and a pad 50 such
as a fan-out portion to apply the signals to a plurality of signal
lines from the outside.
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[0045] As shown in FIG. 2, the encapsulation substrate 20
is formed on the second electrode 26. The encapsulation
substrate 20 is sealed by the substrate 18 and the sealant 320,
thereby sealing and protecting a plurality of organic light
emitting elements EL formed on the substrate 18, the organic
light emitting element EL formed on the driving circuit unit,
and the driving circuit unit from the outside. According to one
or more embodiments of the present invention, the pad 50 is
not sealed and is exposed to be connected to an external
circuit.

[0046] Next, a method of manufacturing the above-de-
scribed organic light emitting diode (OLED) display will be
described with reference to FIGS. 3 to 10.

[0047] FIG. 3 is a flowchart illustrating a method of manu-
facturing an organic light emitting diode (OLED) display
from a mother panel according to an exemplary embodiment,
FIGS. 4 to 7 are views illustrating a sequence of manufactur-
ing the organic light emitting diode (OLED) display accord-
ing to an exemplary embodiment according to the flowchart
of FIG. 3, and FIGS. 8 to 10 are layout views of an upper
mother substrate according to another exemplary embodi-
ment.

[0048] As shown in FIG. 3, a method of manufacturing an
organic light emitting diode (OLED) display includes: form-
ing a plurality of organic light emitting diode (OLED) dis-
plays ona lower mother substrate to complete a lower mother
substrate S100; forming a sealant and a bump on an upper
mother substrate to complete the upper mother substrate
S200; aligning the upper mother substrate on the lower
mother substrate S300; combining the upper mother substrate
and the lower mother substrate to complete a mother panel
S302; and cutting the upper mother substrate S304 and cut-
ting the lower mother substrate S306 to divide the mother
panel into each organic light emitting diode (OLED) display.
[0049] In detail, firstly, as shown in FIGS. 3 and 4, a plu-
rality of display units A1, including a plurality of pixels, and
a plurality of drivers A2 are respectively formed on a lower
mother substrate 100 (S100).

[0050] A plurality of signal lines for displaying an image,
and a switching transistor T1, a driving transistor T2, and the
like coupled thereto are formed in the display region A1 on
the substrate 110. The signal lines include a scanning signal
line SL1 for transferring a gate signal (or a scan signal), a data
line DL1 for transferring a data signal, a driving voltage line
(or power source line) VDD for transferring a driving voltage,
and the like. Also, a pad to apply the signals to the signal lines
is positioned in the driver A2.

[0051] Next, as shown in FIGS. 3 and 5, a sealant 320 and
a bump 330 are formed on the upper mother substrate 200
(S200).

[0052] Thesealant320 may be formedaccording to an edge
(or periphery) of the display unit A1, encloses (at least in part)
the display unit A1, and may overlap with the pad wire of the
fan-out portion.

[0053] The bump 330 is separated from the sealant 320 and
may be formed at a position corresponding to the pad 50 of the
driver A2.

[0054] Multiple bumps 330, as shown in FIG. 5, may be
positioned on the same line with a suitable (or designed or
predetermined) interval therebetween. As shown in FIG. 5,
each bump 330 may be polygonal, such as a quadrangle, or as
shown in FIG. 8, may be substantially circular (e.g., ellipti-
cal).
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[0055] Also, as shown in FIG. 9, the bumps 330 may be
positioned to form a plurality of columns, and the bumps 330
of two neighboring columns may be alternately positioned.
Further, as shown in FIG. 10, the bumps 330 may be obliquely
inclined with respect to the second cutting line CL2 or the
edge of the substrate. In one or more embodiments, the inter-
val of the bumps 330 is smaller than a wheel diameter of a
cutter. While the bumps 330 have been described above in
connection with particular shapes and arrangements, the
bumps 330 may have various shapes and arrangements.
[0056] The sealant 320 and the bumps 330 may be formed
with the same material, for example, a frit glass. The frit glass
may be made of at least one material selected from a group
including potassium oxide (K,0), iron(Ill) oxide (Fe,O;),
antimony trioxide (Sb,0;), zinc oxide (ZnO), phosphorus
pentoxide (P,O;), vanadium(V) oxide (V,0;), titanium diox-
ide (TiO,), aluminum oxide (Al,O;), boron trioxide (B,0;),
tungsten trioxide (WO,),tin oxide (SnO), and lead oxide
(PbO).

[0057] At thistime, the sealant 320 and the bumps 330 may
be preliminarily cured to prevent them from being shaken or
deformed when being moved.

[0058] Next, as shown in FIGS. 2 and 6, an upper mother
substrate 200 and the lower mother substrate 100 are aligned
(S300). They are aligned for the display unit Al of the lower
mother substrate 100 to be positioned within a boundary at
which the sealant 320 of the upper mother substrate 100 is
formed.

[0059] Next, the sealant 320 may be irradiated with a laser
or infrared rays so that it melts, and then, the sealant 320 is
again hardened such that the upper mother substrate 200 and
the lower mother substrate 100 may be completely adhered
(or attached) to each other. Accordingly, the organic light
emitting element may be completely sealed, and thereby, be
protected from oxygen and moisture. At this time, the bumps
330 are melted, but are not re-hardened.

[0060] Next, after cutting the upper mother substrate 200
by using a cutter 90, a substrate piece 2 between the cutting
line is removed to expose the pad 50 of the driver A2 of the
organic light emitting diode (OLED) display. The bumps 330
are also removed, and here, the bumps 330 are again melted
and are not hardened after the combination such that the
bumps 330 are easily removed in the preliminarily cured
state.

[0061] The cutting is performed according to the first cut-
ting line CL1 and the second cutting line CL2, as shown in
FIG. 7. According to an embodiment of the present invention,
a distance L1 between the first cutting line CL1 and the
sealant is about 0.07 mm, and the second cutting line CL1 is
positioned on the bumps 330.

[0062] When cutting by using the cutter, the stresses are
concentrated at the bumps 330 such that damage to the upper
mother substrate 200 may be smoothed or prevented.

[0063] When forming the bumps 330 according to an exem-
plary embodiment, the pressure applied to the cutter when the
wheel of the cutter contacts the upper mother substrate 200 is
transmitted to the bumps 330, and thereby, the damage (e.g,,
damage to the lower driver A2 or the encapsulation substrate
20) may be prevented. Also, by forming a plurality of bumps
330 (such as in an exemplary embodiment), the stresses gen-
erated when the wheel of the cutter 90 contacts the cutting
lines may be dispersed. That is, when one bump 330 is elon-
gated according to one edge of the organic light emitting
diode (OLED) display, the generated stresses are not dis-
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persed and are concentrated into one position such that the
upper mother substrate may be damaged. However, such as in
an exemplary embodiment, when forming a plurality of
bumps 330, the concentration of the stresses may be spread
out or prevented such that the upper mother substrate is not
damaged by the stresses.
[0064] Next, the cutting is performed according to the third
cutting line CL3. The distance L2 between the third cutting
line CL3 and the sealant 320 may be about 0.07 mm.
[0065] Next, the lower mother substrate 100 is cut, as
shown in FIG. 2, to be separated into individual organic light
emitting diode (OLED) displays.
[0066] While this disclosure has been described in connec-
tion with what is presently considered to be exemplary
embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments. but, on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims and their equivalents.
What is claimed is:
1. A method of manufacturing an organic light emitting
diode (OLED) display, the method comprising:
forming a display unit, which is for displaying an image,
and a driver, which is positioned near the display unit to
drive a light emitting element of the display unit, on a
lower mother substrate;
forming a sealant and a plurality of bumps on an upper
mother substrate;
aligning the lower mother substrate and the upper mother
substrate to face each other;
melting and hardening the sealant to attach the lower
mother substrate to the upper mother substrate;
cutting the upper mother substrate; and
cutting the lower mother substrate,
wherein the cutting of the upper mother substrate is per-
formed along a first cutting line, which is between the
sealant and the bumps, and along a second cutting line
corresponding to the bumps.
2. The method of claim 1, wherein
the bumps are formed at intervals according to the second
cutting line.
3. The method of claim 2, wherein
the intervals are smaller than a wheel diameter of a cutter.
4. The method of claim 2, wherein
the bumps are formed in a plurality of columns according
to the second cutting line, and bumps of adjacent col-
umns are alternately positioned.
5. The method of claim 1, wherein
the bumps are formed with the same material as the sealant.
6. The method of claim 5, wherein
the bumps and the sealant comprise frit glass.
7. The method of claim 1, wherein
a plane shape of the bump is circular or polygonal.
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8. The method of claim 7, wherein

the bumps are inclined with respect to the second cutting
line.

9. The method of claim 1, further comprising:

curing the bumps and the sealant before aligning the upper
mother substrate and the lower mother substrate.

10. The method of claim 1, further comprising:

melting the bumps after aligning the upper mother sub-
strate and the lower mother substrate.

11. The method of claim 10, wherein

the bumps are not hardened after the melting operation.

12. The method of claim 1, wherein

the first cutting line is spaced apart from the sealant by
about 0.07 mm.

13. The method of claim 1, wherein

the display unit comprises at least one pixel comprising:
the light emitting element; and
a pixel circuit coupled to the light emitting element and

comprising at least one transistor and at least one
capacitor.
14. A method of manufacturing a plurality of organic light
emitting diode (OLED) displays, the method comprising:

forming a plurality of display units, each of which is for
displaying an image, and a plurality of drivers, each of
which is positioned near a corresponding display unit to
drive a light emitting element of the corresponding dis-
play unit, on a lower mother substrate;

forming a sealant and a plurality of bumps on an upper
mother substrate;

aligning the lower mother substrate and the upper mother
substrate to face each other;

melting and then hardening the sealant to attach the lower
mother substrate to the upper mother substrate;

cutting the upper mother substrate; and

cutting the lower mother substrate,

wherein the display units are arranged in rows and columns
on the lower mother substrate, and

wherein the cutting of the upper mother substrate is per-
formed along a plurality of first cutting lines that are
between the sealant and the bumps and along a plurality
of second cutting lines corresponding to the bumps.

15. The method of claim 14, wherein

the bumps, the first cutting lines, and the second cutting
lines are each located between adjacent rows of the
display units.

16. The method of claim 14, wherein

the cutting of the upper substrate is further performed
along a plurality of third cutting lines that are located
between adjacent columus of the display units.

17. The method of claim 16, wherein

the third cutting lines are spaced apart from the sealant by
about 0.07 mm.
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