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(7) ABSTRACT

An organic light emitting diode (OLED) display device
including a base substrate having a display area and a non-
display area; OLEDs formed in corresponding sub-pixel
regions defined by a bank insulating film in the display area of
the base substrate; a pad part formed in the non-display area
of the base substrate and configured to apply a driving signal
to the OLEDs; a plurality of passivation films formed in the
display area to cover the OLEDs, the plurality of passivation
films including a first inorganic film, an organic film, and a
second inorganic film, the plurality of passivation films being
sequentially stacked. A region of an edge of the organic film
that corresponds to a wire through which the driving signal is
applied to the OLEDs from the pad part includes at least one
groove formed at an inside area of the organic film.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0156560, filed on Dec. 28, 2012,
which is hereby incorporated by reference as if fully set forth
herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting diode display device with enhanced reliability.
[0004] 2. Discussion of the Related Art

[0005] Image display devices, which display a variety of
information on a screen, are based on core information and
communication technology and they are becoming increas-
ingly thinner, lighter, more portable, and higher in perfor-
mance. Thus, organic light emitting diode (OLED) display
devices, which display an image by controlling light emission
of an organic emission layer (EML), are flat panel display
devices that may be designed to have lower weight and vol-
ume than with cathode ray tubes (CRTs).

[0006] Such OLED display devices include OLEDs, which
are self-emissive devices using the EML, which can be a thin
emission layer, between electrodes. An OLED may include a
first electrode that is an anode connected to a thin film tran-
sistor (TFT) formed in each of sub-pixel regions of a sub-
strate, the EML, and a second electrode that is a cathode.

[0007] In such OLEDs, when voltage is applied between
the first electrode and the second electrode, holes and elec-
trons are recombined in the EML, forming excitons, and the
excitons drop to a ground state, whereby light is emitted. In
addition, a passivation film is formed on OLEDs so as to cover
the OLEDs and thus prevent permeation of moisture and
oxygen into the OLED:s.

[0008] FIG. 1A is a plan view of an OLED display device
according to related art.

[0009] As illustrated in FIG. 1A, the OLED display device
according to related art includes a plurality of OLEDs formed
in adisplay area of a substrate 10 and a pad part 20 formed in
anon-display area of the substrate 10. In addition, the OLEDs
are connected to the pad part 20 via wires 10q, and driving
signals from the pad part 20 are applied to the OLEDs via the
wires 10a.

[0010] Such OLEDs are susceptible to moisture and oxy-
gen and thus a passivation film is formed so as to cover the
OLEDs. In this regard, the passivation film includes an
organic film 13 to compensate for step differences due to
foreign materials which permeate the display area. The
organic film 13 is generally formed by coating and curing an
organic insulating material. However, when coating the
organic insulating material, the organic insulating material
flows outside the display area along the wires 10q.

[0011] FIG. 1B is an image showing defects of the OLED
display device according to related art.

[0012] As illustrated in FIG. 1B, when the organic film 13
extends up to the outside of the display area of the OLED
display device, external moisture and oxygen permeate into
the OLEDs via the organic film 13. The moisture and oxygen
permeating into the OLEDs react with organic EMLs of the
OLEDs generating defects such as dark spots, whereby reli-
ability of the OLED display device is deteriorated.
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SUMMARY OF THE INVENTION

[0013] Accordingly, the present invention is directed to an
organic light emitting diode display device that substantially
obviates one or more problems due to limitations and disad-
vantages of the related art.

[0014] An object of the present invention is to provide an
organic light emitting diode display device with improved
reliability by forming a groove at an edge of an organic film
formed to cover organic light emitting diodes.

[0015] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives
and other advantages of the invention may be realized and
attained by the structure particularly pointed outin the written
description and claims hereof as well as the appended draw-
ings.

[0016] To achieve theseobjects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a base substrate having a dis-
play area and a non-display area; OLEDs formed in corre-
sponding sub-pixel regions defined by a bank insulating film
in the display area of the base substrate; a pad part formed in
the non-display area of the base substrate and configured to
apply a driving signal to the OLEDs; a plurality of passivation
films formed in the display area to cover the OLEDs, the
plurality of passivation films including a first inorganic film,
an organic film, and a second inorganic film, the plurality of
passivation films being sequentially stacked; and an encap-
sulation substrate formed above the base substrate and the
plurality of passivation films, the encapsulation substrate
being adhered to the second inorganic film and the base
substrate via an adhesive layer. A region of an edge of the
organic film that corresponds to a wire through which the
driving signal is applied to the OLEDs from the pad part
includes at least one groove formed at an inside area of the
organic film.

[0017] The at least one groove has a shape selected from
among a circle and an oval.

[0018] The at least one groove has a shape selected from
among a polygon, a square, and a triangle

[0019] An edge of the bank insulating film is disposed
within the edge of the organic film.

[0020] An outermost portion of the edge of the organic film
in which the at least one groove is formed has a distance of
approximately 1 pm to 500 um from the edge of the bank
insulating film.

[0021] The second insulating film may be formed so as to
completely cover the edge of the organic film.

[0022] Theorganic film may have a thickness of 1 pm to 20
.

[0023] The first inorganic film is formed directly above the
OLED:s, the organic film including the at least one groove is
formed directly above the organic film, and the second inor-
ganic film is formed directly above the organic film. The at
least one groove has a shape selected from among a circle, an
oval, a polygon, a square, and a triangle.

[0024] Itisto be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0026] FIG. 1A is a plan view of an organic light emitting
diode (OLED) display device according to related art;
[0027] FIG. 1B is an image showing defects of the OLED
display device according to related art;

[0028] FIG. 2 is a plan view of an OLED display device
according to an embodiment of the present invention;

[0029] FIG. 3 is a sectional view taken along line I-I' of
FIG. 2; and
[0030] FIGS. 4A and 4B are plan views illustrating

examples of the shape of a groove illustrated in FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

[0031] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
Further, any one or more features and/or elements from one or
more embodiments of the present invention described herein
can be applied or combined to any one or more embodiments
of the present invention described herein. Further, one or
more elements from one or more embodiments of the present
invention can substitute one or more elements in another
embodiment of the present invention.

[0032] Hereinafter, an organic light emitting diode (OLED)
display device according to an embodiment of the present
invention will be described in detail with reference to the
accompanying drawings.

[0033] FIG. 2 is a plan view of an OLED display device
according to an embodiment of the present invention. FIG. 3
is a sectional view taken along line I-I' of FIG. 2.

[0034] As illustrated in FIGS. 2 and 3, the OLED display
device includes an OLED 110 formed in a display area of a
substrate 100, a pad part 200 formed in a non-display area of
the substrate 100 and connected to the OLED 110 via wires
100a to apply driving signals to the OLED 110. The OLED
display device also includes a first inorganic film 120a, an
organic film 130, a second inorganic film 1205, and an encap-
sulation substrate 150. The first inorganic film 120q, the
organic film 130, and the second inorganic film 1206 are
sequentially formed so as to cover the OLED 110. The encap-
sulation substrate 150 is adhered, via an adhesive layer 140, to
the OLED 110 opposite the substrate 100.

[0035] A region of the organic film 130 that corresponds to
the wires 100a through which a driving signal is applied to the
OLED 110 from the pad part 200 includes at least one groove
130a formed at the inside edge of the region of the organic
film 130.

[0036] The at least one groove 130a may include, for
example, a plurality of grooves corresponding to the respec-
tive wires 100a, or, as illustrated in the drawings, a single
groove corresponding to the wires 100a.

[0037] Inparticular, the OLED display device according to
the present invention may include, for example, a plurality of
gate lines and a plurality of data lines intersecting each other
on the substrate 100. The OLED display device may include,
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for example, a plurality of sub-pixel regions in the form of a
matrix being defined by the intersections therebetween. In
addition, a thin film transistor and the OLED 110 connected
to the thin film transistor are formed in each sub-pixel region.
The OLEDs 110 formed in the respective sub-pixel regions
are spaced apart from one another by a bank insulating film
105.

[0038] The first electrode 1104, the organic emission layer
(EML) 1105, and the second electrode 110¢ included in the
OLED 110 are sequentially stacked. The first electrode 110a
may be an anode connected to a drain electrode of the thin
film transistor. The first electrode 110a may be formed of a
transparent conductive material such as, for example, tin
oxide (TO), indium tin oxide (ITO), indium zinc oxide (IZO),
and indium tin zinc oxide (ITZO).

[0039] In addition, the bank insulating film 105 may
include, for example, bank holes exposing portions of the first
electrodes 110a formed on a front surface of the display area
of the substrate 100. As described above, the bank insulating
film 105 may separate adjacent OLEDs 110 from each other
and defines light emitting regions of the display area.

[0040] The organic EML 1105 and the second electrode
110c¢ are sequentially formed on the first electrode 110aq,
which is exposed by the bank insulating film 105. As illus-
trated in FIG. 3, the organic EML 1105 may be formed only
on the first electrode 110a. In addition, the organic EML 11054
may be formed on the bank insulating film 105.

[0041] The organic EML 1105 may be formed of red (R),
green (G), blue (B) and white (W) light-emitting materials. In
addition, the organic EML 1105 may be formed of only a
white light-emitting material in each sub-pixel region. When
the organic EML 1105 is formed of only the white light-
emitting material, R, G and B color filters may be formed in
each sub-pixel region and thus light of a variety of colors may
be realized while white light emitted from the organic EML
1105 passes through the color filters.

[0042] The second electrode 110¢, which is formed on the
organic EML 1105, may be formed of a reflective metal
material or transparent conductive material. For example,
when the second electrode 110¢ is formed as a cathode using
the reflective metal material such as, for example, aluminum
(Al), light emitted from the organic EML 1105 may be
reflected to the first electrode 110a. On the other hand, when
the second electrode 110c is formed of the transparent con-
ductive material, the first electrode 110a may be formed of a
reflective metal and light emitted from the organic EML 1105
may be reflected to the second electrode 110c.

[0043] In the above-described OLED 110, when voltage is
applied between the first and second electrodes 110a and
110c¢, holes and electrons are recombined in the organic EML
1105, forming excitons and the excitons drop to a ground
state, thereby emitting light. A hole injection layer (HIL) and
a hole transport layer (HTL), for example, may be further
formed between the first electrode 110a and the organic EML
1105. The HIL and the HTL may be formed to satisfactorily
inject holes into the organic EML 1105. In addition, an elec-
tron injection layer (EIL) and an electron transport layer
(ETL) may be further formed between the organic EML 1105
and the second electrode 110c¢. The EIL and the ETL may be
formed to satisfactorily inject electrons into the organic EML
1105.

[0044] Because the OLED 110 is very susceptible to mois-
ture and oxygen, a passivation film may be formed to cover
the OLED 110 to prevent external moisture and oxygen from
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permeating into the OLED 110. In this regard, the passivation
film may be formed of inorganic insulating materials such as
Si0,, SiN,, SiC, SiON, SiOC, SiONC, and amorphous car-
bon (a-C), or the like and an organic insulating material such
as acrylate, an epoxy-based polymer, an imide-based poly-
mer, or the like.

[0045] FIGS. 2 and 3 illustrate the OLED display device
including, as passivation films, first and second inorganic
films 120a and 1206 that are sequentially stacked and the
organic film 130 formed between the first and second inor-
ganic films 120a and 1205. The first and second inorganic
films 120a and 1205 formed of any of the above-described
inorganic insulating materials prevent external moisture and
oxygen from permeating into the OLED 110. In addition, the
organic film 130 formed of any of the above-described
organic insulating materials compensates for step differences
due to foreign materials included in the first and second
inorganic films 120a and 12056 and also increases the length of
a path through which moisture and oxygen permeate into the
display area. In this regard, to sufficiently compensate for the
step differences due to foreign materials, the organic film 130
may have a thickness from 1 to 20 um.

[0046] In particular, the first inorganic film 120« is formed
so as to cover the OLED 110, and the organic film 130 is
formed on the firstinorganic film 120a. In general, the organic
film 130 is formed by coating an organic insulating material
via screen-printing, slit coating, spin coating, inkjet-printing,
or the like and curing the organic insulating material using
ultraviolet (UV) light or heat.

[0047] However, in OLED display devices in related art
(refer to FI1G. 1A), before curing the organic insulating mate-
rial that has a relatively low viscosity, the organic insulating
material with the relatively low viscosity flows outside the
display area along the wires 10a. To address the above-de-
scribed problems in the OLED display devices in related art,
the OLED display device according to the embodiments of
the present invention includes a groove 130q in an inside edge
of the organic film 130 corresponding to the wires 100a.
Thus, even though the organic insulating material coated on
the first inorganic film 120a flows along the wires 100a before
the curing process, the organic insulating material fills the
groove 130a and does not flow outside the display area. Thus,
the second inorganic film 1205 formed on the organic film
130 may completely cover the edge of the organic film 130.
[0048] The size of the groove 130a may be comparatively
measured according to a width d of the groove 130a. When
the width d of the groove 130q is large, the display area
decreases and the non-display area increases, which results in
a reduced aperture ratio. Thus, a distance between the outer-
most portion of the edge of the organic film 130 at which the
groove 130a is formed and the innermost portion of the
groove 130a, i.e., the width d of the groove 130a, may be 500
wm or less.

[0049] In addition, the edge of the organic film 130 may
extend beyond the edge of the bank insulating film 105 to
prevent foreign materials from directly permeating into the
bank insulating film 105 during manufacture. In particular,
the outermost portion of an edge of one of four edges of the
organic film 130 that has the groove 130a formed thereat may
have a distance of 1 pm to 500 um from the edge of the bank
insulating film 105 to sufficiently cover the edges of the bank
insulating film 105.

[0050] As described above, the organic film 130 of the
OLED display device according to the present invention
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includes the groove 130a formed at the inside of the organic
film 130 in the region corresponding to the wires 100a
through which driving signals are applied to the OLED 110
from the pad part 200. Thus, even though the organic insulat-
ing material coated for formation of the organic film 130
flows along the wires 100q, the organic insulating material
fills the groove 130a.

[0051] Accordingly, the organic film 130 does not extend
beyond the display area. In addition, the second inorganic
film 1205 formed on the organic film 130 completely covers
the edge of the organic film 130, whereby reliability of the
OLED display device may be enhanced. Although FIGS. 2
and 3 illustrate the groove 130a as having a trapezoidal shape,
the groove 130a may have various shapes.

[0052] FIGS. 4A and 4B are plan views illustrating
examples of the shape of the groove 130q illustrated in FIG.
2.

[0053] Asillustrated in FIG. 4A, the groove 130a may have

a rectangular shape or a polygonal shape such as a square, a
triangle, or the like. In addition, as illustrated in FIG. 4B, the
groove 130a may have an oval shape, a circular shape, or any
curved shape.

[0054] The encapsulation substrate 150 formed of glass or
plastic is attached to a front surface of the passivation films,
i.e., the first and second inorganic films 120 and 1205 and the
organic film 130, through the adhesive layer 140 (refer to FIG.
3). The encapsulation substrate 150 protects the OLED 110
from external moisture, oxygen, or the like, and the adhesive
layer 140 may be formed of an acryl resin, a silicon resin, or
a sealant.

[0055] As described above, in the OLED display device
according to the embodiments of the present invention, a
region of the edge of the organic film 130 that corresponds to
the wires 100a through which driving signals are applied
from the pad part 200 includes at least one groove so that the
second inorganic film 1206 completely covers the edge of the
organic film 130 formed on the OLED 110. Accordingly, the
organic insulating material for forming the organic film 130
does not flow outside the display area, and the second inor-
ganic film 1205 formed on the organic film 130 completely
covers the edge of the organic film 130 with the groove 130z
formed thereat. Thus, permeation of external moisture and
oxygen into the OLED 110 via the organic film 130 may be
prevented and reliability of the OLED display device may be
enhanced.

[0056] As is apparent from the foregoing description, the
OLED display device according to the embodiments of the
present invention includes an organic film formed to cover
OLEDs, the organic film including an edge with a groove. The
OLED display device including the edge with the groove
prevents the flow of an organic insulating material coated to
form the organic film outside a display area of the OLED
display device. In addition, an inorganic film formed on the
organic film completely covers the edge ofthe organic film at
which the groove is formed to prevent permeation of external
moisture and oxygen into the OLED via the organic film.
Accordingly, reliability of the OLED display device may be
enhanced.

[0057] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the inventions. Thus, it is intended that the present invention
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covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An organic light emitting diode (OLED) display device
comptrising:

a base substrate having a display area and a non-display

area;

OLED:s formed in corresponding sub-pixel regions defined
by a bank insulating film in the display area of the base
substrate;

a pad part formed in the non-display area of the base
substrate and configured to apply a driving signal to the
OLEDs;

aplurality of passivation films formed in the display area to
cover the OLEDs,

the plurality of passivation films including a first inorganic
film, an organic film, and a second inorganic film, the
plurality of passivation films being sequentially stacked;
and

an encapsulation substrate formed above the base substrate
and the plurality of passivation films, the encapsulation
substrate being adhered to the second inorganic film and
the base substrate via an adhesive layer,

wherein a region of an edge of the organic film that corre-
sponds to a wire through which the driving signal is
applied to the OLEDs from the pad part includes at least
one groove formed at an inside area of the organic film.

2. The OLED display device according to claim 1, wherein
the at least one groove has a shape selected from among a
circle and an oval.

3. The OLED display device according to claim 1, wherein
the at least one groove has a shape selected from among a
polygon, a square, and a triangle.

4. The OLED display device according to claim 1, wherein
an edge of the bank insulating film is disposed within the edge
of the organic film.

5. The OLED display device according to claim 4, wherein
an outermost portion of the edge of the organic film in which
the at least one groove is formed has a distance of approxi-
mately 1 um to 500 pm from the edge of the bank insulating
film.

6. The OLED display device according to claim 1, wherein
the second inorganic film is formed so as to completely cover
the edge of the organic film.

7. The OLED display device according to claim 1, wherein
the organic film has a thickness of approximately 1 pm to 20
pm.

8. The OLED display device according to claim 1, wherein
the first inorganic film is formed directly above the OLEDs,
the organic film including the at least one groove is formed
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directly above the organic film, and the second inorganic film
is formed directly above the organic film, and

wherein the at least one groove has a shape selected from

among a circle, an oval, a polygon, a square, and a
triangle.

9. An organic light emitting diode (OLED) display device
comptrising:

a substrate having a display area and a non-display area;

OLEDs formed on the substrate in the display area, and

including a first electrode, an organic emission layer
(EML) form on the first electrode, a second electrode
formed on the EML;

a bank insulating film formed at each side of the OLEDs;

a plurality of passivation films formed on the OLEDs, the

plurality of passivation films including a first inorganic
film formed on the OLEDs, an organic film formed on
the first inorganic film, and a second inorganic film
formed on the organic film; and

at least one groove formed in a region of an edge of the

organic film corresponding to a plurality of wires
through which a driving signal is applied to the OLEDs.

10. The OLED display device according to claim 9,
wherein the at least one groove has a shape selected from
among a circle and an oval.

11. The OLED display device according to claim 9,
wherein the at least one groove has a shape selected from
among a polygon, a square, and a triangle.

12. The OLED display device according to claim 9,
wherein an edge of the bank insulating film is disposed within
the at least one inside edge of the organic film.

13. The OLED display device according to claim 12,
wherein an outermost portion of the at least one inside edge of
the organic film in which the at least one groove is formed has
a distance of approximately 1 pm to 500 um from the edge of
the bank insulating film.

14. The OLED display device according to claim 9,
wherein the second inorganic film is formed so as to com-
pletely cover the at least one inside edge of the organic film.

15. The OLED display device according to claim 9,
wherein the organic film has a thickness of approximately 1
pum to 20 pm.

16. The OLED display device according to claim 9,
wherein the first inorganic film is formed directly above the
plurality of OLEDs, the organic film including the at least one
groove is formed directly above the organic film, and the
second inorganic film is formed directly above the organic
film, and

wherein the at least one groove has a shape selected from

among a circle, an oval, a polygon, a square, and a
triangle.
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