US 20140183491A1

12) Patent Application Publication (o) Pub. No.: US 2014/0183491 A1

a9y United States

Shin et al. 43) Pub. Date: Jul, 3, 2014

(54) ORGANIC LIGHT EVITTING DIODE (32) US.CL
DISPLAY DEVICE &1 S HOIL 27/3246 (2013.01)
10 L CE 257/40

(71) Applicant: LG DISPLAY CO., LTD., Seoul (KR)

(72) Inventors: Hong-Dae Shin, Gyeonggi-do (KR);
Myung-Seop Kim, Gyeonggi-do (KR)

(73) Assignee: LG DISPLAY CO., LTD., Seoul (KR)
(21)  Appl. No.: 14/132,234

(22) Filed: Dec. 18, 2013
(30) Foreign Application Priority Data
Dec. 31,2012 (KR) .o 10-2012-0158143

Publication Classification

(51) Int.CL

HOIL 27/32 (2006.01)

7) ABSTRACT

Disclosed is an organic light emitting diode display device in
which atleast one lateral surface of'an encapsulation substrate
is inclined to prevent disconnection of a film connected to a
pad, thereby achieving a narrow bezel and enhanced reliabil-
ity. The display device includes a substrate, an organic light
emitting diode array including a thin film transistor arranged
on the substrate and an organic light emitting diode connected
to the thin film transistor, a pad disposed on the substrate and
configured to receive a drive signal to drive the organic light
emitting diode array, an encapsulation substrate bonded to the
substrate to face each other so as to cover the organic light
emitting diode array, and a film connected to the pad and
provided with a drive chip thereon. At least one lateral surface
of the encapsulation substrate is inclined.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0158143, filed on Dec. 31, 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, and more particularly to an
organic light emitting diode display device which may
achieve a narrow bezel and enhance reliability.

[0004] 2. Discussion of the Related Art

[0005] Image display devices to display various informa-
tion on a screen are core technologies of the information age
and are being developed to achieve thinner, lighter and higher
performance portable designs. Organic light emitting diode
display devices to display an image via control of light emis-
sion of an emission layer are getting the spotlight as flat panel
display devices that may reduce disadvantageous weight and
volume of a Cathode Ray Tube (CRT).

[0006] Such organic light emitting diode display devices
include Organic Light Emitting Diodes (OLEDs) that are
self-luminous using a thin emission layer between electrodes.
A typical organic light emitting diode includes a first elec-
trode that is an anode connected to a thin film transistor
formed in each sub-pixel area, an Emission Layer (EML), and
a second electrode that is a cathode.

[0007] The above-described organic light emitting diode
forms excitons viarecombination of holes and electrons in the
emission layer when voltage is applied to the first and second
electrodes, and light is emitted as the excitons return to the
grounded state. A protective film is disposed on the organic
light emitting diode to cover the organic light emitting diode
and serves to prevent invasion of moisture and oxygen to the
organic light emitting diode.

[0008] The organic light emitting diode is easily deterio-
rated by external factors, such as moisture, oxygen, ultravio-
let light, device fabrication conditions, and the like. There-
fore, in a typical organic light emitting diode display device,
a substrate provided with organic light emitting diodes is
bonded to an encapsulation substrate via an adhesive layer.
[0009] FIGS. 1A and 1B are sectional views of a typical
organic light emitting diode display device which is of a
bottom emission type. FIG. 2 is a photograph of an edge of a
typical encapsulation substrate.

[0010] As exemplarily shown in FIG. 1A, a typical organic
light emitting diode display device includes a substrate, an
organic light emitting diode array 10 that includes thin film
transistors arranged on the substrate and organic light emit-
ting diodes connected to the thin film transistors, an encap-
sulation substrate 20 configured to cover the organic light
emitting diode array 10, and a polarizer 40 attached to a
bottom surface of the organic light emitting diode array 10. In
addition, a border 50 is provided to surround edges of the
organic light emitting diode array 10, the encapsulation sub-
strate 20, and the polarizer 40.

[0011] Inparticular, in the case of an organic light emitting
diode display device having a Chip On Film (COF) structure,
a film 30a on which a drive chip 305 to drive the organic light
emitting diode array 10 is mounted is connected to a pad 10a
of the organic light emitting diode array 10. To enhance
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adhesion between the pad 10a and the film 30a, however, the
film 30a needs be folded once. Accordingly, in this case, a
sufficient distance D between the border 50 and the organic
light emitting diode array 10 is needed, which makes it
impossible to achieve a narrow bezel.

[0012] As exemplarily shown in FIG. 1B, such a narrow
bezel may be achieved if the film 30a is configured to directly
extend to the encapsulation substrate 20. However, cracks or
disconnection of the film 30a may occur due to an edge of the
encapsulation substrate 20 as exemplarily shown in FIG. 2. In
addition, although providing the film 30a with a buffer may
prevent damage to the film 30a, this may increase a thickness
of the film 30a. Therefore, it is necessary to consider a width
of the pad 104 and a design margin between the pad 104 and
the encapsulation substrate 20.

SUMMARY OF THE INVENTION

[0013] Accordingly, the present invention 1s 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 in which at least
one lateral surface of an encapsulation substrate is inclined to
prevent disconnection of a film from a pad, thereby achieving
enhanced reliability and a narrow bezel.

[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 present invention, as
embodied and broadly described herein, an organic light
emitting diode display device includes a substrate, an organic
light emitting diode array including a thin film transistor
arranged on the substrate and an organic light emitting diode
connected to the thin film transistor, a pad disposed on the
substrate and configured to receive a drive signal to drive the
organic light emitting diode array, an encapsulation substrate
bonded to the substrate to face each other so as to cover the
organic light emitting diode array, and a film connected to the
pad and provided with a drive chip thereon, wherein at least
one lateral surface of the encapsulation substrate is inclined.
[0017] Light emitted from the organic light emitting diode
may be discharged outward through the substrate.

[0018] The film may be disposed along the inclined lateral
surface of the encapsulation substrate, and the drive chip may
be provided on a bottom surface of the encapsulation sub-
strate.

[0019] A recess may be formed between the inclined lateral
surface of the encapsulation substrate and a top surface of the
encapsulation substrate.

[0020] The drive chip may be seated in the recess.

[0021] The encapsulation substrate may have a thickness
within a range of 50 m to 200 m.

[0022] The encapsulation substrate may be formed of
metal.
[0023] A first angle between a lower bottom of the encap-

sulation substrate coming into contact with the organic light



US 2014/0183491 Al

emitting diode array and the lateral surface of the encapsula-
tion substrate may be greater than 0° and less than 90°, and a
second angle between the lateral surface of the encapsulation
substrate and a top surface of the encapsulation substrate may
be greater than 90° and less than 180°.

[0024] Itisto beunderstood 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.

BRIEF DESCRIPTION OF THE DRAWINGS

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

[0026] FIGS. 1A and 1B are sectional views of a typical
organic light emitting diode display device;

[0027] FIG. 2is a photograph of an edge of a typical encap-
sulation substrate;

[0028] FIG. 3 is a sectional view of an organic light emit-
ting diode display device according to a first embodiment of
the present invention;

[0029] FIG. 4is an enlarged view of an organic light emit-
ting diode array of FIG. 3;

[0030] FIGS.5A to5C are sectional views showing various
embodiments of an encapsulation substrate of FIG. 3;
[0031] FIG. 6 is a sectional view of an organic light emit-
ting diode display device according to a second embodiment
of the present invention;

[0032] FIG. 7 is an enlarged view of an encapsulation sub-
strate of FIG. 6; and

[0033] FIGS.8and 9 are sectional views of an organic light
emitting diode display device according to a third embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0034] Hereinafter, an organic light emitting diode display
device according to the present invention will be described in
detail with reference to the accompanying drawings.

First Embodiment

[0035] FIG. 3 is a sectional view of an organic light emit-
ting diode display device according to a first embodiment of
the present invention, and FIG. 4 is an enlarged view of an
organic light emitting diode array of FIG. 3.

[0036] As exemplarily shown in FIG. 3, the organic light
emitting diode display device of the present invention
includes a substrate, an organic light emitting diode array 100
that includes thin film transistors arranged on the substrate
and organic light emitting diodes connected to the thin film
transistors, an encapsulation substrate 200 configured to
cover the organic light emitting diode array 100, and a polar-
izer 400 attached to a bottom surface of the organic light
emitting diode array 100. In addition, a border 500 configured
to surround edges of the organic light emitting diode array
100, the encapsulation substrate 200, and the polarizer 400 is
provided to surround the organic light emitting diode display
device.

[0037] As exemplarily shown in FIG. 4, the organic light
emitting diode array 100 includes thin film transistors
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arranged on a substrate 101, and organic light emitting diodes
connected to the thin film transistors. More specifically, sub-
pixel areas are defined on the substrate 101 as gate lines and
data lines intersect each other with a gate insulating layer 103
interposed therebetween. The thin film transistor provided in
each sub-pixel area includes a gate electrode 102, the gate
insulating layer 103, a semiconductor layer 104, a source
electrode 1054, and a drain electrode 1054.

[0038] The above-described thin film transistor is con-
nected to the organic light emitting diode through a contact
hole (not shown) that is formed by selectively removing an
passivation layer 106. The organic light emitting diode
includes a first electrode 107, an organic emission layer 109,
and a second electrode 110 which are sequentially stacked
one above another.

[0039] The first electrode 107 is connected to the drain
electrode 1055 of the thin film transistor through the contact
hole (not shown). In this case, the first electrode 107 is formed
of a transparent conductive material, such as Tin Oxide (TO),
Indium Tin Oxide (ITO), Indium Zinc Oxide (IZ0), Indium
Tin Zinc Oxide (ITZ0), etc., in order to discharge light emit-
ted from the organic emission layer 109 to the outside through
the substrate 101.

[0040] In addition, a bank insulating layer 108 is disposed
on the first electrode 107 to expose a partial region of the first
electrode 107. The bank insulating layer 108 separates neigh-
boring organic light emitting diodes from each other, and
defines an emission area.

[0041] Theorganic emissionlayer 109is formed on the first
electrode 107 exposed by the bank insulating layer 108. The
organic emission layer 109 may be formed in each sub-pixel
area using materials that emit red, green, blue, and white light,
or using only a material that emits white light. If the organic
emission layer 109 is formed of only a material that emits
white light, R, G, and B color filters are provided in each
sub-pixel area to enable emission of various colors of light as
white light emitted from the organic emission layer 109
passes through the R, G, and B color filters.

[0042] The second electrode 110, formed on the organic
emission layer 109, is a cathode formed of a reflective metal
material, such as aluminum (Al), and serves to reflect light
emitted from the organic emission layer 109 to the first elec-
trode 107.

[0043] As described above, the organic light emitting
diode, including the first electrode 107, the organic emission
layer 109, and the second electrode 110 which are sequen-
tially stacked one above another, forms excitons via recom-
bination of holes and electrons in the organic emission layer
109 when voltage is applied to the first and second electrodes
107 and 110, and light is emitted as the excitons return to the
grounded state. In addition, a protective film 120 is disposed
to cover the organic light emitting diode.

[0044] The encapsulation substrate 200 is attached to the
protective film 120 via an adhesive layer (not shown) as
exemplarily shown in FIG. 3. The encapsulation substrate
200 is formed of glass or metal. A thickness of the encapsu-
lation substrate 200 may be within a range of 50 um to 200
wm. The adhesive layer (not shown) is formed of acrylic resin
or silicon resin, or may be formed of sealant as necessary.
[0045] The polarizer 400 is attached to a bottom surface of
the substrate (101 in FIG. 4) of the organic light emitting
diode array 100. The border 500 is provided to surround edges
of the organic light emitting diode array 100, the encapsula-
tion substrate 200, and the polarizer 400.
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[0046] Inparticular, in the case of the organic light emitting
diode display device having a COF structure, a film 300a on
which a drive chip 3005 to drive the organic light emitting
diode array 100 is mounted is connected to a pad 100« formed
on the substrate (101 in FIG. 4). In this case, the organic light
emitting diode display device of the present invention is of a
bottom emission type for emission of light through the sub-
strate 101, and therefore the drive chip 3005 mounted on the
film 3004 connected to the pad 1004 is located on a bottom
surface of the encapsulation substrate 200.

[0047] Inthiscase, the film 300q is disposed along a lateral
surface of the encapsulation substrate 200, which may cause
cracks of the film 300a due to an edge of the encapsulation
substrate 200, Moreover, if the encapsulation substrate 200 is
formed of metal, a sharp edge of the encapsulation substrate
200 causes disconnection of the film 300a.

[0048] Accordingly, according to the organic light emitting
diode display device of the present invention, at least one
lateral surface of the encapsulation substrate 200 is inclined to
prevent disconnection of the film 300a disposed along the
lateral surface of the encapsulation substrate 200. In particu-
lar, the inclined lateral surface of the encapsulation substrate
200 has at least one gradient.

[0049] In this case, the lateral surface of the encapsulation
substrate 200 may be formed via polishing, such as mechani-
cal polishing, chemical polishing, chemical-mechanical pol-
ishing, etc., or may be formed using wet etching or dry etch-
ing. For example, a photoresist, such as dry film resist (DFR),
etc., is formed on the encapsulation substrate 200 to expose
the lateral surface of the encapsulation substrate 200, which
ensures etching of only the exposed lateral surface of the
encapsulation substrate 200.

[0050] FIGS.5A to5C are sectional views showing various
embodiments of the encapsulation substrate of FIG. 3.
[0051] As exemplarily shown in FIG. 5A, one lateral sur-
face of the encapsulation substrate 200 is inclined by a given
gradient. In this case, a first angle 0, between a bottom surface
of the encapsulation substrate 200 coming into contact with
the organic light emitting diode array 100 and the lateral
surface of the encapsulation substrate 200 is greater than 0°
and less than 90°, and a second angle 0, between the lateral
surface of the encapsulation substrate 200 and a top surface of
the encapsulation substrate 200 is greater than 90° and less
than 180°. In particular, the second angle 8, is proportional to
the efficiency of prevention of damage to the film 300a.
[0052] Additionally, the lateral surface of the encapsulation
substrate 200 may be inclined by different two or more gra-
dients. In particular, as the lateral surface of the encapsulation
substrate 200 has many more gradients, the encapsulation
substrate 200 attains a more gradually inclined lateral surface,
which may efficiently prevent damage to the film 300q.
[0053] As exemplarily shown in FIG. 5B, in the encapsu-
lation substrate 200 one lateral surface of which has different
two gradients, a first angle 6, between the bottom surface of
the encapsulation substrate 200 coming into contact with the
organic light emitting diode array 100 and a first lateral sur-
face of the encapsulation substrate 200 is greater than 0° and
less than 90°, and a second angle 6, between a second lateral
surface of the encapsulation substrate 200 and a top surface of
the encapsulation substrate 200 is greater than 90° and less
than 180°.

[0054] As exemplarily shown in FIG. 5C, if the first angle
0, between the bottom surface of the encapsulation substrate
200 coming into contact with the organic light emitting diode
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array 100 and the first lateral surface of the encapsulation
substrate 200 is 90°, a third lateral surface connecting the first
lateral surface and the second lateral surface to each other is
defined.

[0055] That is, if the organic light emitting diode display
device of the present invention as described above is of a
bottom emission type in which light emitted from the organic
light emitting diode is discharged outward through the sub-
strate, the drive chip to apply a drive signal to the organic light
emitting diode array is mounted on the film and located on the
bottom surface of the encapsulation substrate. The film
applies a drive signal to the pad formed on the substrate and is
provided along the lateral surface of the encapsulation sub-
strate.

[0056] Inthis case, at least one lateral surface of the encap-
sulation substrate 200 is inclined by at least one gradient,
which may prevent disconnection and cracks ofthe film 300a
due to a sharp edge of the encapsulation substrate 200. In this
case, a narrow bezel of the organic light emitting diode dis-
play device may be accomplished.

Second Embodiment

[0057] FIG. 6 is a sectional view of an organic light emit-
ting diode display device according to a second embodiment
of the present invention, and FIG. 7 is an enlarged view of an
encapsulation substrate of FIG. 6.

[0058] The organic light emitting diode display device
according to the second embodiment of the present invention,
as exemplarily shown in FIGS. 6 and 7, includes the encap-
sulation substrate 200 having a recess 200a formed in a lateral
surface thereof, and the lateral surface provided with the
recess 200a is inclined. That is, one lateral surface of the
encapsulation substrate 200 is not wholly inclined, and the
recess 200a is formed between the inclined portion of the
lateral surface of the encapsulation substrate 200 and the top
surface of the encapsulation substrate 200, such that the drive
chip 3005 to drive the organic light emitting diode array 100
is seated in the recess 200q.

[0059] As such, in the organic light emitting diode display
device according to the second embodiment of the present
invention, the drive chip 3004 is seated in the recess 200a and
secured to the bottom surface of the encapsulation substrate
200. In addition, the recess 200a may efficiently prevent not
only movement of the film 3004, but also cracks or discon-
nection of the film 300a.

Third Embodiment

[0060] FIGS. 8 and9 are sectional views of an organic light
emitting diode display device according to a third embodi-
ment of the present invention.

[0061] As exemplarily shown in FIGS. 8 and 9, the organic
light emitting diode display device according to the third
embodiment of the present invention is configured such that
one lateral surface of the encapsulation substrate 200 has a
curvature. More specifically, only the lateral surface of the
encapsulation substrate 200 may have a curvature as exem-
plarily shown in F1G. 8, or an edge between the lateral surface
and the top surface of the encapsulation substrate 200 and an
edge between the lateral surface and the bottom surface of the
encapsulation substrate 200 as well as the lateral surface of
the encapsulation substrate 200 may have a curvature as
exemplarily shown in FIG. 9.
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[0062] As is apparent from the above description, an
organic light emitting diode display device of the present
invention may achieve a narrow bezel as a film, which sup-
ports a drive chip mounted thereon and is connected to a pad
of an organic light emitting diode array, directly extends to an
encapsulation substrate. In particular, at least one lateral sur-
face of an encapsulation substrate is inclined by at least one
gradient, which may prevent disconnection and cracks of the
film disposed along the lateral surface of the encapsulation
substrate.
[0063] It will be apparent that, although the preferred
embodiments have been shown and described above, the
invention is not limited to the above-described specific
embodiments, and various modifications and variations can
be made by those skilled in the art without departing from the
gist of the appended claims. Thus, it is intended that the
modifications and variations should not be understood inde-
pendently of the technical sprit or prospect of the invention.
What is claimed is:
1. An organic light emitting diode display device compris-
ing:
a substrate;
an organic light emitting diode array including a thin film
transistor arranged on the substrate and an organic light
emitting diode connected to the thin film transistor;
apad disposed on the substrate and configured to receive a
drive signal to drive the organic light emitting diode
array;
an encapsulation substrate bonded to the substrate to face
each other so as to cover the organic light emitting diode
array; and
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a film connected to the pad and provided with a drive chip

thereon,

wherein at least one lateral surface of the encapsulation

substrate is inclined.

2. The device according to claim 1, wherein light emitted
from the organic light emitting diode is discharged outward
through the substrate.

3. The device according to claim 1, wherein the film is
disposed along the inclined lateral surface of the encapsula-
tion substrate, and the drive chip is provided on a bottom
surface of the encapsulation substrate.

4. The device according to claim 1, wherein a recess is
formed between the inclined lateral surface of the encapsu-
lation substrate and a top surface of the encapsulation sub-
strate.

5. The device according to claim 4, wherein the drive chip
is seated in the recess.

6. The device according to claim 1, wherein the encapsu-
lation substrate has a thickness within a range of 50 m to 200
m.

7. The device according to claim 1, wherein the encapsu-
lation substrate is formed of metal.

8. The device according to claim 1, wherein a first angle
between a lower bottom of the encapsulation substrate com-
ing into contact with the organic light emitting diode array
and the lateral surface of the encapsulation substrate is greater
than 0° and less than 90°, and wherein a second angle between
the lateral surface of the encapsulation substrate and a top
surface of the encapsulation substrate is greater than 90° and
less than 180°.
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