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(7) ABSTRACT

An OLED display apparatus includes a repair portion such
that outgas possibly generated during a process of repairing
a defective bright spot pixel by making a defective bright
spot into a dark spot can be reduced or minimized. At least
one pixel including at least one driving element and an
organic light-emitting element is disposed on a substrate. A
protective layer or a planarization layer for protecting the
driving element is on a wiring electrode extended from a
source electrode or a drain electrode of the driving element.
At least a part of the protective layer or the planarization
layer are removed such that outgas generated during a
process of repairing the pixel by using a laser is reduced. The
at least a part of the protective layer or the planarization
layer is defined as a repair portion.

9 Claims, 3 Drawing Sheets
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1
ORGANIC LIGHT-EMITTING DIODE
(OLED) DISPLAY APPARATUS FOR
MINIMIZING AN OUTGAS GENERATED
DURING A PROCESS OF LASER REPAIRING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority of Korean Patent
Application No. 10-2015-0183999 filed on Dec. 22, 2015, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND

Technical Field

The present disclosure relates to an organic light-emitting
diode (OLED) display apparatus and a method of manufac-
turing the same. More specifically, the present disclosure
relates to an OLED display apparatus with improved repair-
ability.

Description of the Related Art

An organic light-emitting diode (OLED) display appara-
tus has a high luminance and a low operating voltage. In
addition, since an OLED display apparatus is a self lumi-
nance display apparatus, it has a high contrast ratio and can
be made as an ultra-thin display apparatus. Moreover, it has
a short response time of several microseconds (us) and thus,
can easily present moving pictures, has little limitation on
viewing angle, and can be operated stably even at a low
temperature. Further, an OLED display apparatus is driven
with a low voltage from DC 5V to 15V, and thus, it is easy
to design and fabricate a driving circuit.

With such advantages, OLED display apparatuses are
recently employed by a variety of IT devices such as TV,
monitors, mobile phones.

A more detailed description of a basic structure of an
OLED display apparatus will be given below.

An OLED display apparatus includes an array element
and an organic light-emitting element disposed on a sub-
strate. The array element includes a driving element for
controlling display data that is connected to a gate line and
a data line, and at least one driving thin-film transistor
connected to an organic light-emitting element. The organic
light-emitting element includes a first electrode connected to
the driving thin-film transistor, an organic emission layer,
and a second electrode.

The OLED display apparatus as described above may
include organic emission layers which are made of luminous
materials emitting red, green and blue, respectively, to
represent a full color. Alternatively, the OLED display
apparatus may include an organic emission layer which is
made of an organic luminous material emitting light of
white, and color filter patterns containing red, green and blue
pigments for pixel regions, respectively, such that the light
of white from the organic emission layer passes through the
color filter patterns, to represent a full color.

Such an OLED display apparatus may suffer failures
arising where the performance of a thin-film transistor may
deteriorate or a short-circuit may be formed therein during
a process of fabricating lines or switching thin-film transis-
tors and driving thin-film transistors.

If a thin-film transistor formed in a pixel region fails to
normally operate, no current or voltage is applied to an
organic light-emitting element connected to the thin-film
transistor, such that the pixel region becomes a dark spot. On
the other hand, if a short-circuit is formed between the
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source electrode and the drain electrode of the thin-film
transistor, the thin-film transistor fails to normally operate
such that a voltage applied to the source electrode is not
turned on/off but is directly applied to the drain electrode.
When this happens, the pixel region remains in an on-state
and thus becomes a bright spot.

Once a pixel region becomes a dark spot, it may be very
difficult to repair it in the state-of-the-art. If a pixel region
becomes a bright spot, there is a way to conceal it by laser
cutting the electrical connection between the driving thin-
film transistor and the first electrode and the electrical
connection to the driving thin-film transistor or a driving
element for controlling display data, thereby making the
bright spot into a dark spot.

A bright spot can be easily perceived by viewers and thus,
degrades display quality. Accordingly, even with a single
bright spot, the display apparatus may be regarded as a
defective product. On the other hand, a dark spot is rarely
perceived by viewers, and thus, ten to twenty dark spots can
be typically ignored at the time of releasing a display
apparatus. For this reason, a bright spot can be concealed by
making it into a dark spot.

However, during a process of repairing using a laser, a
planarization layer or a thin-film transistor protective layer
made of an organic material may be damaged by a thermal
energy created by a laser irradiation, and thus, an outgas
containing oxygen or hydrogen may be generated. Such an
outgas may react with an organic emission layer or an
electrode connected to the organic emission layer of the
organic light-emitting element, and more dark spots may be
created over time. As a result, the display quality of the
OLED display apparatus may be degraded.

As another defects can be created during the process of
repairing a bright spot into a dark spot, the cost of repair may
be significantly increased, which would result in increased
manufacturing costs.

SUMMARY

Accordingly, the present disclosure is directed to an
organic light-emitting diode (OLED) display apparatus and
a method of manufacturing the same that substantially
obviate one or more of the problems due to limitations and
disadvantages of the related art.

An advantage of the present disclosure is to provide an
OLED display apparatus capable of reducing an outgas that
may be generated during a process of repairing a defective
bright spot pixel into a dark spot pixel.

Additional features and advantages of the invention will
be set forth in the description which follows, and in part will
be apparent from the description, or may be learned by
practice of the invention. These and other advantages of the
invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

According to an aspect of the present disclosure, there is
provided an organic light-emitting diode (OLED) display
apparatus capable of reducing or minimizing outgas gener-
ated during a process of repairing using a laser. At least one
pixel including at least one driving element and an organic
light-emitting element is disposed on a substrate. The driv-
ing element includes a semiconductor layer, a gate electrode,
a source electrode and a drain electrode. The source and
drain electrodes are connected to the wiring electrode. A
protective layer and a planarization layer are formed on the
driving element to protect the driving element. At least a part
of the protective layer or the planarization layer are removed
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such that outgas generated during a process of repairing the
pixel by using a laser is reduced. The at least a part of the
protective layer or the planarization layer is defined as a
repair portion. Therefore, damage by heat from a laser can
be minimized during a process of repairing by using the laser
to make a bright spot into a dark spot, while minimizing the
outgas.

According to another aspect of the present disclosure, an
organic light-emitting diode (OLED) display apparatus
includes at least one pixel controlled by a driving element,
wherein a part of a wiring electrode connected to the driving
element is defined as a repair portion for repairing, and a part
of a protective layer or a planarization layer on the repair
portion is removed such that outgas generated during pro-
cess of repairing via the repairing portion is minimized.

According to an exemplary embodiment of the present
disclosure, a repair portion is provided where at least a part
of a protective layer or a planarization layer made of an
organic material is removed, such that outgas is minimized.
As a result, repair can be carried out more successfully, and
thus manufacturing cost can be saved.

Further, a process of repairing can be simpler by using the
repair portion.

It should be noted that effects of the present disclosure are
not limited to those described above and other effects of the
present disclosure will be apparent to those skilled in the art
from the following descriptions.

The Summary is not to specify essential features of the
appended claims, and thus the scope of the claims is not
limited thereby.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1 is a schematic circuit diagram of a pixel of an
OLED display apparatus including repair portions for repait-
ing a defective bright spot pixel according to an exemplary
embodiment of the present disclosure;

FIG. 2 is a schematic plan view of a pixel of an OLED
display apparatus including repair portions according to an
exemplary embodiment of the present disclosure; and

FIG. 3 is a schematic cross-sectional view for illustrating
a repair portion of an OLED display apparatus according to
an exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Advantages and features of the present disclosure and
methods to achieve them will become apparent from the
descriptions of exemplary embodiments hereinbelow with
reference to the accompanying drawings. However, the
present disclosure is not limited to exemplary embodiments
disclosed herein but may be implemented in various differ-
ent ways. The exemplary embodiments are provided for
making the disclosure of the present disclosure thorough and
for fully conveying the scope of the present disclosure to
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those skilled in the art. It is to be noted that the scope of the
present disclosure is defined only by the claims.

The figures, dimensions, ratios, angles, the numbers of
elements given in the drawings are merely illustrative and
are not limiting. Like reference numerals denote like ele-
ments throughout the descriptions. Further, in describing the
present disclosure, descriptions on well-known technologies
may be omitted in order not to obscure the gist of the present
disclosure. It is to be noticed that the terms “comprising,”
“having,” “including” and so on, used in the description and
claims, should not be interpreted as being restricted to the
means listed thereafter unless specifically stated otherwise.
Where an indefinite or definite article is used when referring
to a singular noun, e.g. “a,” “an,” “the,” this includes a plural
of that noun unless specifically stated otherwise.

In describing elements, they are interpreted as including
error margins even without explicit statements.

In describing positional relationship, such as “an element
A on an element B,” “an element A above an element B,” “an
element A below an element B” and “an element A next to
an element B,” another element C may be disposed between
the elements A and B unless the term “directly” or “imme-
diately” is explicitly used.

In describing flow of signals, such as “a signal is delivered
from node A to node B,” a signal may be delivered from
node A to node B via another node unless the term “directly”
or “immediately” is explicitly used.

Features of various exemplary embodiments of the pres-
ent disclosure may be combined partially or totally. As will
be clearly appreciated by those skilled in the art, technically
various interactions and operations are possible. Various
exemplary embodiments can be practiced individually or in
combination.

Hereinafter, exemplary embodiments of the present dis-
closure will be described in detail with reference to the
accompanying drawings.

FIG. 1 is a schematic circuit diagram of a pixel of an
OLED display apparatus including repair portions for repair-
ing a defective bright spot pixel according to an exemplary
embodiment of the present disclosure.

Referring to FIG. 1, a pixel P of an OLED display
apparatus includes a switching thin-film transistor STr that
is a driving element for controlling display data, a driving
thin-film transistor DTr that is a driving element for con-
trolling current, a storage capacitor StgC, and an organic
light-emitting element E.

A gate line GL is extended in a first direction, and a data
line DL is extended in a second direction intersecting the
first direction, such that a pixel P is defined by the lines. In
addition, a power line PL for applying supply voltage is
disposed spaced apart from the data line DL.

The driving element STr for controlling display data is
disposed near the intersection between the data line DL and
the gate line GL. The driving element DTr for controlling
current is disposed such that it is electrically connected to
the driving element STr for controlling display data.

One terminal of an organic light-emitting element E, i.e.,
a first electrode, is connected to a drain electrode of the
driving element DTr for controlling current, and the other
terminal of the organic light-emitting element E, i.e., a
second electrode, is grounded. A source electrode of the
driving element DTr for controlling current is connected to
the power line PL, such that the power line PL delivers the
supply voltage to the organic light-emitting element E.

The storage capacitor StgC is formed between a gate
electrode and the source electrode of the driving element
DTr for controlling current.
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When a signal is applied via the gate line GL, the driving
element STr for controlling display data is turned on, and the
signal from the data line DL is delivered to the gate electrode
of the driving element DTr for controlling current to turn on
the driving element DTr for controlling current, such that the
organic light-emitting element E emits light.

When the driving element DTr for controlling current is
tuned on, the level of the current flowing from the power line
PL to the organic light-emitting element E is determined,
such that the organic light-emitting element E can imple-
mented gray scale. The storage capacitor StgC holds the gate
voltage of the driving element DTr for controlling current
when the driving element STr is turned off. Accordingly, the
level of the current flowing in the organic light-emitting
element E can remain constant until the subsequent frame
even if the driving element STr for controlling display data
is turned off.

As described above, a pixel P of the OLED display
apparatus includes at least two driving elements for driving
and at least one capacitor for holding the charged voltage.

If the driving elements fail to normally operate as foreign
matters are introduced during a process of disposing the
driving elements and the organic light-emitting element E, a
dark spot or a bright spot defect may arise in the pixel P, as
already mentioned above. In order to make a bright spot into
a dark spot, there is a way to cut a wiring electrode extended
from a source electrode or a drain electrode of the two
driving elements in the pixel using a laser, thereby discon-
necting the electrical connection.

A repair portion RP for disconnecting the electrical con-
nection using a laser may be formed in a wiring electrode
that electrically connects the source electrode of the driving
element STr for controlling display data to the data line DL.
Alternatively, repair portions RP may be formed in wiring
electrodes extended from the source electrode and the drain
electrode of the driving element DTr for controlling current,
respectively.

Such repairing portions RP are used in cutting a wiring
electrode using a laser when a bright spot is created in a pixel
P, to release a driving signal or current supplied to the pixel
P, thereby making the bright spot into a dark spot. By doing
so, viewers may not perceive the defective pixel P.

In the forgoing description, the pixel of the OLED display
apparatus has been described as including in its simplest
form one driving element for controlling display data and
one driving element for control current. However, an organic
light-emitting element may further include a plurality of
driving elements working as secondary thin-film transistors
for stably driving the driving element for control current or
for achieving reliable and stable luminance taking into
account the location of a pixel in a display area. In this case,
connections between the secondary thin-film transistors and
the driving element for controlling current and connections
between the secondary thin-film transistors and the driving
element for control display data or the power line may be
modified in a variety of ways.

FIG. 2 is a schematic plan view of a pixel of an OLED
display apparatus including repair portions according to an
exemplary embodiment of the present disclosure.

Referring to FIG. 2, a gate line GL is extended in a first
direction, and a data line DL is extended in a second
direction intersecting the first direction. In addition, a power
line PL for applying supply voltage is extended in parallel
with and spaced apart from the data line DL.

A driving element STr for controlling display data is
disposed near the intersection between the data line DL and
the gate line GL. A driving element DTr for controlling
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current is disposed such that it is electrically connected to
the driving element STr for controlling display data.

A pixel electrode (an anode) An for supplying current to
an organic light-emitting element is connected to a drain
electrode of the driving element DTr for controlling current
to supply current to the organic light-emitting element, such
that the organic light-emitting element emits light. Although
the organic light-emitting element is not shown in FIG. 2, it
may be referenced to ground potential by a cathode (not
shown). A source electrode of the driving element DTr for
controlling current is connected to the power line PL, such
that the power line PL delivers the supply voltage to the
pixel electrode An connected to the organic light-emitting
element E.

A storage capacitor StgC is formed between a gate
electrode and the source electrode of the driving element
DTr for controlling current.

When a signal is applied via the gate line GL, the driving
element STr for controlling display data is turned on, and the
signal from the data line DL is delivered to the gate electrode
of the driving element DTr for controlling current via a
wiring electrode extended from the drain electrode of the
driving element STr for controlling display data to turn on
the driving drive DTr for controlling current, such that the
current is supplied to the pixel electrode An. As a result, the
organic light-emitting element emits light.

When the driving element DTr for controlling current is
tuned on, the level of the current flowing from the power line
PL to the organic light-emitting element E is determined.
The storage capacitor StgC holds the gate voltage of the
driving element DTr for controlling current when the driving
element STr for controlling display data is turned off.
Accordingly, the level of the current flowing in the pixel
electrode An can remain constant until the subsequent frame
even if the driving element STr for controlling display data
is turned off.

A bright spot defect may arise when such driving ele-
ments fail. That is, the driving element STr for controlling
display data may fail and thus remain on-state, or the driving
element DTr for controlling current may fail and thus it
remain on-state to keep supplying current.

As aresult, the current keeps being supplied to the organic
light-emitting element whether or not the driving signal is
applied, resulting in a defective bright spot pixel. When this
happens, a wiring electrode connected to the source elec-
trode of the driving element STr for controlling display data
or wiring electrodes connected to the source electrode and
the drain electrode of the driving element DTr for control-
ling current are physically cut by using a laser to disconnect
electrical connection. By doing so, the driving elements
remains off-state, and the pixel becomes a dark spot, which
is not easily perceived by users.

To this end, repair portions RP are defined on the wire
electrodes extended from the source electrode or the drain
electrode of the driving elements.

The repair portions RP may be formed by opening the
protective layer or the planarization layer disposed on the
wiring electrode, whichever is made of an organic material,
such that an amount of outgas generated during a process of
repairing using a laser can be reduced or minimized. A
portion of the protective layer, the planarization layer, or an
organic insulating layer that is removed or opened so as to
reduce an amount of outgas during a repair process is also
referred to as a repair opening.

A more detail description of the structure of the repair
portions RP will be given below.
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FIG. 3 is a schematic cross-sectional view for illustrating
a repair portion of an OLED display apparatus according to
an exemplary embodiment of the present disclosure.

Referring to FIG. 3, a buffer layer 320 may be disposed
on a substrate 310, and then a gate insulating layer 330, an
interlayer 340, a wiring electrode 350, a protective layer
360, a planarization layer 370 and a bank layer 380 may be
disposed sequentially.

The stack structure shown in FIG. 3 is a cross-sectional
view of a repair portion RP formed in a wiring electrode
extended from a source electrode or a drain electrode of a
driving element.

The substrate 310 may be a glass substrate or a plastic-
based flexible substrate. The buffer layer 320 may be made
up of multiple layers for blocking a path via which moisture
permeates and may be a nitride layer or oxide layer of a
silicon nitride layer or a silicon oxide layer.

The interlayer 340 on a gate insulating layer 330 is an
inorganic film layer that blocks electrical connection among
the gate electrode, the source electrode and the drain elec-
trode and suppresses contamination and damage under the
gate electrode.

The wiring electrode 350 is an extended part of the source
electrode or the drain electrode of the driving element STr.
The driving element may be the driving element for control
display data or the driving element DTr for controlling
current. The protective layer 360 for protecting the driving
element is disposed on the wiring electrode 350. The pla-
narization layer 370 for providing a flat surface may be
disposed on the protective layer 360. The bank layer 380
may be disposed on the planarization layer 370.

The repair portion RP is cut in order to disconnecting the
electric connection of the wiring electrode 350 by using a
laser. If any of the planarization layer 370, the bank layer
380 or the protective layer 360 is made of an organic
material, an outgas may be generated due to the heat from
the laser, and such an outgas may shorten the lifespan of the
organic light-emitting element.

Therefore, parts of the planarization layer 370 and the
bank layer 380 in the repair portion RP are removed, and
when a bright spot defect arises, a laser is irradiated onto the
repair portion RP to physically disconnect the wiring elec-
trode 350. By doing so, an outgas generated during the
process of repairing can be reduced or minimized.

The exemplary embodiments of the present disclosure can
also be described as follows.

An organic light-emitting diode (OLED) display appara-
tus capable of reducing or minimizing an outgas generated
during a process of repairing using a laser. At least one pixel
including at least one driving element and an organic light-
emitting element is disposed on a substrate. The driving
element includes a semiconductor layer, a gate electrode, a
source electrode and a drain electrode. The source and drain
electrodes are connected to the wiring electrode. A protec-
tive layer and a planarization layer are formed on the driving
element to protect the driving element. At least a part of the
protective layer or the planarization layer are removed such
that outgas generated during a process of repairing the pixel
by using a laser is reduced. The at least a part of the
protective layer or the planarization layer is defined as a
repair portion. Therefore, damage by heat from a laser can
be minimized during a process of repairing using the laser to
make a bright spot into a dark spot, while reducing or
minimizing the outgas.

The pixel may include at least two driving elements
performing different functions and a capacitor for holding a
charged voltage.
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The at least two driving elements may include a driving
element for controlling current and a driving element for
controlling display data.

The repair portion may be on the wiring electrode
extended from the source electrode or the drain electrode of
the driving element for controlling current.

The repair portion may be on the wiring electrode
extended from the source electrode or the drain electrode of
the driving element for controlling display data.

The repair portion may have a structure in which the
wiring electrode, the protective layer and the planarization
layer are stacked in order, and the planarization layer may
have an opened pattern for laser irradiation in the repair
portion.

The OLED display apparatus may further include a bank
layer on the planarization layer having an opening in the
repair portion.

According to an aspect of the present disclosure, an
organic light-emitting diode (OLED) display apparatus
includes at least one pixel controlled by a driving element,
wherein a part of a wiring electrode connected to the driving
element is defined as a repair portion for repairing, and a part
of a protective layer or a planarization layer on the repair
portion is removed such that outgas generated during pro-
cess of repairing via the repairing portion is minimized.

At least one of the protective layer and the planarization
layer may be made of an organic material.

A part of the protective layer or the planarization layer in
the repair portion may be removed, whichever is made of the
organic material.

The OLED display apparatus may further include a bank
layer on the planarization layer having a removed part in the
repair portion.

The driving element may be a thin film transistor that has
a semiconductor layer.

The wiring electrode may be disconnected corresponding
to the repair portion.

The wiring electrode may be disconnected at an area
corresponding to the repair portion.

Thus far, exemplary embodiments of the present disclo-
sure have been described in detail with reference to the
accompanying drawings. However, the present disclosure is
not limited to the exemplary embodiments, and modifica-
tions and variations can be made thereto without departing
from the technical idea of the present disclosure. Accord-
ingly, the exemplary embodiments described herein are
merely illustrative and are not intended to limit the scope of
the present disclosure. The technical idea of the present
disclosure is not limited by the exemplary embodiments.
Therefore, it should be understood that the above-described
embodiments are not limiting but illustrative in all aspects.
The scope of protection sought by the present disclosure is
defined by the appended claims and all equivalents thereof
are construed to be within the true scope of the present
disclosure.

What is claimed is:

1. An organic light-emitting diode (OLED) display appa-
ratus for minimizing an outgas generated during a process of
laser repairing comprising:

a substrate having a plurality of pixels, all of the plurality
of pixels including a driving element and an organic
light-emitting element;

a plurality of wiring electrodes extended from a source
electrode or a drain electrode of the driving element in
all of the plurality of pixels; and

an organic insulating layer on the driving element in all of
the plurality of pixels, the organic insulating layer
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having a first repair opening on the wiring electrode in
all of the plurality of pixels,

wherein at least one of the wiring electrodes correspond-

ing to the first repair opening does not have opening
area.

2. The OLED display apparatus of claim 1, further com-
prising a planarization layer on the organic insulating layer,
wherein the planarization layer has a second repair opening
corresponding to the first repair opening.

3. The OLED display apparatus of claim 2, wherein the
first and second repair openings have a structure in which the
wiring electrode, the organic insulating layer and the pla-
narization layer are stacked in order.

4. The OLED display apparatus of claim 2, further com-
prising a bank layer on the planarization layer, wherein the
bank layer has a third repair opening corresponding to the
first and second repair openings.

5. The OLED display apparatus of claim 1, wherein the
first repair opening reduces an outgas generated during a
process of laser repairing one of the plurality of pixels.
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6. The OLED display apparatus of claim 1, wherein all of
the plurality of pixels comprises at least two driving thin film
transistors performing different functions and a capacitor for
holding a charged voltage.

7. The OLED display apparatus of claim 6, wherein the at
least two driving thin film transistors comprise a driving thin
film transistor for controlling an amount of current which is
connected to the organic light-emitting element and a driv-
ing thin film transistor for controlling a display data which
is connected to a gate line and a data line.

8. The OLED display apparatus of claim 7, wherein the
first repair opening is on the wiring electrode extended from
the source electrode or the drain electrode of the driving thin
film transistor for controlling the amount of current.

9. The OLED display apparatus of claim 7, wherein the
first repair opening is on the wiring electrode extended from
the source electrode or the drain electrode of the driving thin
film transistor for controlling the display data.

I S T
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