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(57) ABSTRACT

A bonding member of a display device, a display module,
and a method of fabricating a display device to provide a
hole in an active area of the display device includes:
providing a bonding member which including a bonding
layer, a first protective film disposed on the bonding layer
and having a light absorbing pattern, and a second protective
film disposed under the bonding layer; attaching a display
panel to a surface of the bonding layer by peeling off the
second protective film; and forming a through hole extend-
ing through the bonding layer, the first protective film and
the display panel, in an area where the light absorbing
pattern is disposed.
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FIG. 8

C START )

Y

PREPARE BONDING MEMBER WHICH INCLUDES FIRST INTER-

MODULE BONDING LAYER, FIRST PROTECTIVE FILM DISPOSED}—S10

ON FIRST INTER-MODULE BONDING LAYER, AND SECOND

PROTECTIVE FILM DISPOSED UNDER FIRST INTER-MODULE
BONDING LAYER

Y

PEEL OFF SECOND PROTECTIVE FILM FROM SECOND
SURFACE OF FIRST INTER-MODULE BONDING LAYER

—520

Y

ATTACH DISPLAY PANEL TO SECOND SURFACE OF FIRST
INTER-MODULE BONDING LAYER FROM WHICH SECOND
PROTECTIVE FILM HAS BEEN PEELED OFF

—S530

Y

FORM THROUGH HOLE IN DISPLAY PANEL, FIRST INTER-
MODULE BONDING LAYER, AND FIRST PROTECTIVE FILM

—540

Y

PEEL OFF FIRST PROTECTIVE FILM FROM FIRST
SURFACE OF FIRST INTER-MODULE BONDING LAYER

—S550

Y

ATTACH WINDOW TO FIRST SURFACE OF FIRST INTER-
MODULE BONDING LAYER FROM WHICH FIRST PROTECTIVE [~—560
FILM HAS BEEN PEELED OFF

( END )




Patent Application Publication Nov. 12,2020 Sheet 9 of 16 US 2020/0358027 A1

@ PEELING OFF

|
i\ 330
|

OPa

FIG. 10




Patent Application Publication Nov. 12,2020 Sheet 10 of 16  US 2020/0358027 A1

FIG. 11

700




Patent Application Publication Nov. 12,2020 Sheet 11 of 16  US 2020/0358027 A1

| DA NA2 w2 N l
! !
!:\V\\\Q\i\\f\i\\ NN \wi N\ T Il\\\ RS \\\JJ320
| freeeor 1 {PpeeLng oF | 310
tZiiZZIZIiZ ; . » /
t1 :i::l )
i ’ o
L7 7 N 10

e ;



Patent Application Publication Nov. 12,2020 Sheet 12 of 16  US 2020/0358027 A1

FIG. 13

100
777777777 7777777 A10

yd




Patent Application Publication Nov. 12,2020 Sheet 13 of 16  US 2020/0358027 A1

FIG. 14




Patent Application Publication Nov. 12,2020 Sheet 14 of 16  US 2020/0358027 A1

FIG. 15
10 2
1 DA NA2 NA2 DA l
| T o | 305
I . - /320
i PRUORORCNORNCRON NN \!//
3

}100




Patent Application Publication Nov. 12,2020 Sheet 15 of 16  US 2020/0358027 A1




Patent Application Publication Nov. 12,2020 Sheet 16 of 16  US 2020/0358027 A1

FIG. 17

—_
ICD
(@)

|
DA |
|

]
1/

NN \\\ ™ \\ Sk ,
AN NN N

! 100
I
1
H
: 100
. 7 1/’ s ,/i?‘/,,/7//7‘\_1 10

i

i

T

i

H

i

i
/:
v

s iy
oy 7 /s 74




US 2020/0358027 Al

BONDING MEMBER, DISPLAY MODULE,
AND METHOD OF FABRICATING DISPLAY
DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the ben-
efit of Korean Patent Application No. 10-2019-0052999,
filed on May 7, 2019, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND

Field

[0002] Exemplary implementations of the invention relate
generally to display devices and, more specially, to a bond-
ing member of a display device, a display module, and a
method of fabricating a display device to provide a hole in
an active area of the display device.

Discussion of the Background

[0003] A display device is a device that displays an image
and includes a display panel such as an organic light
emitting display panel or a liquid crystal display panel. The
display device may include a window for protecting the
display panel from external impact. In particular, windows
are widely applied to portable electronic devices such as
smartphones.

[0004] Recently, a display device having a hole in an
active area for inserting a camera, an infrared sensor, etc. to
reduce the bezel area has been developed.

[0005] The above information disclosed in this Back-
ground section is only for understanding of the background
of the inventive concepts, and, therefore, it may contain
information that does not constitute prior art.

SUMMARY

[0006] Applicant discovered that when a hole in an active
area is formed by a laser simultaneously in the display panel
and an inter-module bonding layer for attaching the display
panel and the window together, sufficient thermal energy
may not be transferred to the inter-module bonding layer.
This may cause a defect in the display module by not
producing a completely formed hole and/or an adhesion
defect due to foreign matter sticking to the inter-module
bonding layer in the hole fabrication process.

[0007] Bonding members and display modules of display
devices constructed according to exemplary implementa-
tions of the invention are capable of reducing or preventing
defects due to incomplete holes and/or adhesion of foreign
matter to an inter-module bonding layer in a hole fabrication
process.

[0008] Methods of fabricating display devices according
to exemplary implementations of the invention are capable
of reducing or preventing defects due to incomplete holes
and/or adhesion of foreign matter to an inter-module bond-
ing layer and the resulting defects in the display device.
[0009] Additional features of the inventive concepts 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 inventive concepts.

[0010] According to an aspect of the invention, a method
of fabricating a display device includes the steps of: pro-
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viding a bonding member including a bonding layer, a first
protective film disposed on the bonding layer and having a
light absorbing pattern, and a second protective film dis-
posed under the bonding layer; attaching a display panel to
a surface of the bonding layer by peeling off the second
protective film; and forming a through hole extending
through the bonding layer, the first protective film and the
display panel, in an area where the light absorbing pattern is
disposed.

[0011] The light absorbing pattern may have a surface area
approximately equal to or greater than the surface area of the
through hole.

[0012] The light absorbing pattern may be formed on
substantially the entire surface of the first protective film.
[0013] The step of forming of the through hole may be
performed using an ultraviolet laser.

[0014] The light absorbing pattern may include an ultra-
violet light absorbing pattern that absorbs light in an ultra-
violet wavelength band.

[0015] The light absorbing pattern may be disposed on a
first surface of the first protective film that contacts the
bonding layer or on a second surface opposite the first
surface.

[0016] The light absorbing pattern may be directly coated
on the first surface or the second surface of the first protec-
tive film.

[0017] The light absorbing pattern may be disposed
inwardly from outer edges of the first protective film.
[0018] The light absorbing pattern may be further dis-
posed along edges of the first protective film.

[0019] The method may further include the steps of peel-
ing off the first protective film after forming the through hole
and attaching a window to the first protective film (the other
surface of the bonding layer) from which the first protective
film has been peeled off.

[0020] According to another aspect of the invention, a
display module for a display device includes: a display
panel; a first inter-module bonding layer disposed on an
upper surface of the display panel; a first protective film
having first surface and second opposed surfaces, the first
protective film being disposed on an upper surface of the
first inter-module bonding layer and having a light absorbing
pattern disposed on the first surface or the second surface of
the first protective film; and a through hole extending
through the display panel, the first inter-module bonding
layer and the first protective film, wherein the light absorb-
ing pattern at least partially surrounds the through hole.
[0021] The light absorbing pattern may be directly dis-
posed on the first surface or the second surface of the first
protective film.

[0022] The light absorbing pattern may include an ultra-
violet light absorbing pattern to absorb light in an ultraviolet
wavelength band.

[0023] The light absorbing pattern may have a generally
annular shape and be disposed inwardly from outer edges of
the first protective film.

[0024] The display panel may include: a display member
including a substrate and a light emitting layer disposed on
the substrate; an optical film disposed on the display mem-
ber; and a second inter-module bonding layer to attach the
display member and the optical film together, wherein the
first inter-module bonding layer may have a first thickness
and the second inter-module bonding layer may have a
second thickness smaller than the first thickness.
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[0025] The optical film may include a polarizing film.
[0026] According to still another aspect of the invention,
a bonding member for a display device includes: a bonding
layer; a first protective film disposed on the bonding layer
and has a light absorbing pattern; and a second protective
film disposed under the bonding layer.

[0027] The first protective film may have first and second
opposed surfaces, with the first surface contacting the bond-
ing layer, and the light absorbing pattern may be disposed on
the first or second surface.

[0028] The light absorbing pattern may be disposed
inwardly from outer edges of the first protective film.
[0029] The light absorbing pattern may be further dis-
posed along edges of the first protective film.

[0030] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate exemplary embodiments of the invention, and
together with the description serve to explain the inventive
concepts.

[0032] FIG. 1 is a perspective view of an exemplary
embodiment of a display device constructed according to the
principles of the invention.

[0033] FIG. 2 is an exploded perspective view of the
display device of FIG. 1.

[0034] FIG. 3 is a cross-sectional view taken along line of
FIG. 2.
[0035] FIG. 4 is an exploded perspective view of an

exemplary embodiment of a display module constructed
according to the principles of the invention.

[0036] FIG. 5 is a cross-sectional view taken along line
V-V' of FIG. 4.
[0037] FIG. 6 is a perspective view of an exemplary

embodiment of a bonding member constructed according to
the principles of the invention.

[0038] FIG. 7 is a cross-sectional view taken along line
VII-VIT' of FIG. 6.

[0039] FIG. 8 is a flowchart of a method of fabricating a
display device according to an exemplary embodiment of
the invention.

[0040] FIGS. 9 through 12 are cross-sectional views illus-
trating steps of the method of fabricating a display device of
FIG. 8.

[0041] FIG. 13 is a cross-sectional view of an exemplary
embodiment of a display module.

[0042] FIG. 14 is a cross-sectional view of an exemplary
embodiment of a bonding member.

[0043] FIG. 15 is a cross-sectional view of another exem-
plary embodiment of a display module.

[0044] FIG. 16 is a perspective view of another exemplary
embodiment of a bonding member.

[0045] FIG. 17 is a cross-sectional view of still another
exemplary embodiment of a display module.

[0046] FIG. 18 is a cross-sectional view of still another
exemplary embodiment of a bonding member.
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DETAILED DESCRIPTION

[0047] In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of various exemplary
embodiments or implementations of the invention. As used
herein “embodiments” and “implementations” are inter-
changeable words that are non-limiting examples of devices
or methods employing one or more of the inventive concepts
disclosed herein. It is apparent, however, that various exem-
plary embodiments may be practiced without these specific
details or with one or more equivalent arrangements. In
other instances, well-known structures and devices are
shown in block diagram form in order to avoid unnecessarily
obscuring various exemplary embodiments. Further, various
exemplary embodiments may be different, but do not have
to be exclusive. For example, specific shapes, configura-
tions, and characteristics of an exemplary embodiment may
be used or implemented in another exemplary embodiment
without departing from the inventive concepts.

[0048] Unless otherwise specified, the illustrated exem-
plary embodiments are to be understood as providing exem-
plary features of varying detail of some ways in which the
inventive concepts may be implemented in practice. There-
fore, unless otherwise specified, the features, components,
modules, layers, films, panels, regions, and/or aspects, etc.
(hereinafter individually or collectively referred to as “ele-
ments”), of the various embodiments may be otherwise
combined, separated, interchanged, and/or rearranged with-
out departing from the inventive concepts.

[0049] The use of cross-hatching and/or shading in the
accompanying drawings is generally provided to clarify
boundaries between adjacent elements. As such, neither the
presence nor the absence of cross-hatching or shading
conveys or indicates any preference or requirement for
particular materials, material properties, dimensions, pro-
portions, commonalities between illustrated elements, and/
or any other characteristic, attribute, property, etc., of the
elements, unless specified. Further, in the accompanying
drawings, the size and relative sizes of elements may be
exaggerated for clarity and/or descriptive purposes. When
an exemplary embodiment may be implemented differently,
a specific process order may be performed differently from
the described order. For example, two consecutively
described processes may be performed substantially at the
same time or performed in an order opposite to the described
order. Also, like reference numerals denote like elements.
[0050] When an element, such as a layer, is referred to as
being “on,” “connected to,” or “coupled to”” another element
or layer, it may be directly on, connected to, or coupled to
the other element or layer or intervening elements or layers
may be present. When, however, an element or layer is
referred to as being “directly on,” “directly connected to,” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. To this end, the term
“connected” may refer to physical, electrical, and/or fluid
connection, with or without intervening elements. Further,
the D1-axis, the D2-axis, and the D3-axis are not limited to
three axes of a rectangular coordinate system, such as the x,
y, and z-axes, and may be interpreted in a broader sense. For
example, the D1-axis, the D2-axis, and the D3-axis may be
perpendicular to one another, or may represent different
directions that are not perpendicular to one another. For the
purposes of this disclosure, “at least one of X, Y, and Z” and
“at least one selected from the group consisting of X, Y, and
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7Z” may be construed as X only, Y only, Z only, or any
combination of two or more of X, Y, and Z, such as, for
instance, XYZ, XYY, YZ, and ZZ. As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items.

[0051] Although the terms “first,” “second,” etc. may be
used herein to describe various types of elements, these
elements should not be limited by these terms. These terms
are used to distinguish one element from another element.
Thus, a first element discussed below could be termed a
second element without departing from the teachings of the
disclosure.

[0052] Spatially relative terms, such as “beneath,”
“below,” “under,” “lower,” “above,” “upper,” “over,”
“higher,” “side” (e.g., as in “sidewall”), and the like, may be
used herein for descriptive purposes, and, thereby, to
describe one elements relationship to another element(s) as
illustrated in the drawings. Spatially relative terms are
intended to encompass different orientations of an apparatus
in use, operation, and/or manufacture in addition to the
orientation depicted in the drawings. For example, if the
apparatus in the drawings is turned over, elements described
as “below” or “beneath” other elements or features would
then be oriented “above” the other elements or features.
Thus, the exemplary term “below” can encompass both an
orientation of above and below. Furthermore, the apparatus
may be otherwise oriented (e.g., rotated 90 degrees or at
other orientations), and, as such, the spatially relative
descriptors used herein interpreted accordingly.

[0053] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. As used herein, the singular forms, “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. It is also noted that, as used herein, the terms
“substantially,” “about,” and other similar terms, are used as
terms of approximation and not as terms of degree, and, as
such, are utilized to account for inherent deviations in
measured, calculated, and/or provided values that would be
recognized by one of ordinary skill in the art.

[0054] Various exemplary embodiments are described
herein with reference to sectional and/or exploded illustra-
tions that are schematic illustrations of idealized exemplary
embodiments and/or intermediate structures. As such, varia-
tions from the shapes of the illustrations as a result, for
example, of manufacturing techniques and/or tolerances, are
to be expected. Thus, exemplary embodiments disclosed
herein should not necessarily be construed as limited to the
particular illustrated shapes of regions, but are to include
deviations in shapes that result from, for instance, manufac-
turing. In this manner, regions illustrated in the drawings
may be schematic in nature and the shapes of these regions
may not reflect actual shapes of regions of a device and, as
such, are not necessarily intended to be limiting.

[0055] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure is a part. Terms, such as those
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defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their
meaning in the context of the relevant art and should not be
interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0056] FIG. 1 is a perspective view of an exemplary
embodiment of a display device 1 constructed according to
the principles of the invention. FIG. 2 is an exploded
perspective view of the display device 1 of FIG. 1. FIG. 3
is a cross-sectional view taken along line of FIG. 2.

[0057] In exemplary embodiments, a first direction DR1
and a second direction DR2 intersecting each other in
different directions, for example, in directions normal to
each other in plan view. A third direction DR3 intersects a
plane in which the first direction DR1 and the second
direction DR2 lie, for example, a direction normal to both
the first direction DR1 and the second direction DR2. In the
drawings, the first direction DRI indicates a horizontal
direction of the display device 1, the second direction DR2
indicates a vertical direction of the display device 1, and the
third direction DR3 indicates a thickness direction of the
display device 1. In the following exemplary embodiments,
a side in the first direction DR1 refers to a right direction in
plan view, the other side in the first direction DR1 refers to
a left direction in plan view, a side in the second direction
DR2 refers to an upward direction in plan view, the other
side in the second direction DR2 refers to a downward
direction in plan view, a side in the third direction DR3
refers to an upward direction in cross-sectional view, and the
other side in the third direction DR3 refers to a downward
direction in cross-sectional view. However, directions men-
tioned in exemplary embodiments should be understood as
relative directions, and the exemplary embodiments are not
limited to the specifically described directions.

[0058] Referring to FIGS. 1 through 3, the display device
1 includes a display panel 100 and a window 500 disposed
above the display panel 100. The display device 1 may
further include an inter-module bonding layer (or a first
inter-module bonding layer) 310 disposed between the dis-
play panel 100 and the window 500.

[0059] The display device 1 may be generally rectangular
in plan view. The display device 1 may include both long
sides and both short sides. Each corner where a long side and
a short side of the display device 1 meet may be right-
angled, but may also be curved as illustrated in FIG. 1. The
planar shape of the display device 1 is not limited to this
example and may also be a circular shape or other shapes.

[0060] The display device 1 includes a display area DA
where a screen image is output and a first non-display area
NA1 located around the display area DA. No image may be
output in the first non-display area NA1. The display area
DA may include a plurality of pixels. When the planar shape
of the display device 1 is a generally rectangular shape
having curved corners, the first non-display area NA1 may
be located along edges of the display area DA.

[0061] The display panel 100 is a panel that displays a
screen and may be, for example, an organic light emitting
display panel. Although the example where an organic light
emitting display panel is used as the display panel 100 will
be described in the following exemplary embodiments, other
types of display panels such as a liquid crystal display and
an electrophoresis device or other known devices can also be
used as the display panel 100.
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[0062] The display panel 100 may include a display mem-
ber 100" and an optical film 160 disposed on the display
member 100'. The display member 100" may include a base
substrate 110, a circuit layer 120 disposed on the base
substrate 110, an organic light emitting layer 130 disposed
on the circuit layer 120, and an encapsulating layer 150
disposed on the organic light emitting layer 130.

[0063] The circuit layer 120 may control the amount of
light emitted from the organic light emitting layer 130. The
circuit layer 120 may include display wirings, display elec-
trodes, and at least one thin-film transistor. The organic light
emitting layer 130 may include an organic light emitting
material. The organic light emitting layer 130 may be sealed
by the encapsulating layer 150. The encapsulating layer 150
may seal the organic light emitting layer 130 to prevent
moisture and the like from permeating into the organic light
emitting layer 130 from the outside. The encapsulating layer
150 may be composed of a single inorganic layer or multiple
inorganic layers or may be composed of an inorganic layer
and an organic layer stacked alternately.

[0064] The base substrate 110 may be a rigid substrate
made of, e.g., glass or a flexible substrate made of, e.g.,
polyimide. When a polyimide substrate is applied as the base
substrate 110, the display panel 100 can be curved, bent,
folded, or rolled.

[0065] The optical film 160 may be disposed on the
display member 100' of the display panel 100. The optical
film 160 may include a polarizing layer 190 which adjusts
the amount of light emitted from the organic light emitting
layer 130 and a second inter-module bonding layer 170
which bonds the polarizing layer 190 and the encapsulating
layer 150 of the display member 100" together. The second
inter-module bonding layer 170 may include a pressure
sensitive adhesive (PSA).

[0066] The planar shape of the display panel 100 may be
the same as or substantially similar to the above-described
planar shape of the display device 1. That is, the display
panel 100 may be shaped generally like a rectangle with
rounded corners in plan view.

[0067] The window 500 is disposed above the display
panel 100. The window 500 is disposed above the display
panel 100 to protect the display panel 100 and to transmit
light emitted from the display panel 100.

[0068] The window 500 may overlap the display panel
100 and cover the entire surface of the display panel 100.
The window 500 generally has a similar planar shape to the
display panel 100 but may be larger than the display panel
100. For example, the window 500 may protrude further
outwardly than the display panel 100 at both short sides of
the display device 1. The window 500 may also protrude
from the display panel 100 at both long sides of the display
device 1. However, the protruding distance of the window
500 may be greater t both short sides. Like the planar shape
of the display device 1, the planar shape of the window 500
may be a generally rectangular shape including both long
sides and both short sides.

[0069] The window 500 includes a first surface and a
second surface. When the window 500 is mounted on the
display device 1, the first surface of the window 500 may be
a surface facing the display panel 100, and the second
surface of the window 500 may be a surface where a screen
image is output.

[0070] The window 500 may include a base member and
a print pattern. The print pattern may be disposed on a
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surface of the base member. The base member may be made
of a transparent material. The base member may include, for
example, glass or plastic. When the base member includes
plastic, it may have flexible properties.

[0071] Examples of plastic applicable to the base member
include, but are not limited to, polyimide, polyacrylate,
polymethyl methacrylate (PMMA), polycarbonate (PC),
polyethylene naphthalate (PEN), polyvinylidene chloride,
polyvinylidene difluoride (PVDF), polystyrene, ethylene
vinylalcohol copolymer, polyethersulfone (PES), polyether-
imide (PEI), polyphenylene sulfide (PPS), polyallylate, tri-
acetyl cellulose (TAC), and cellulose acetate propionate
(CAP). When the base member includes plastic, a coating
layer disposed on upper and lower surfaces of the plastic
may be further included. In an exemplary embodiment, the
coating layer may be a hard coating layer including an
organic layer containing an acrylate compound and/or an
organic-inorganic hybrid layer. The organic layer may
include an acrylate compound. The organic-inorganic hybrid
layer may be a layer in which an inorganic material such as
silicon oxide, zirconium oxide, aluminum oxide, tantalum
oxide, niobium oxide, or glass beads is dispersed in an
organic material such as an acrylate compound. In an
exemplary embodiment, the coating layer may include a
metal oxide layer. The metal oxide layer may include, but is
not limited to, a metal oxide such as titanium, aluminum,
molybdenum, tantalum, copper, indium, tin or tungsten.
[0072] The print pattern is disposed on the surface of the
base member. The print pattern may be disposed along edges
of the base member. The print pattern may be disposed to
overlap the non-display area of the display panel 100 so as
to prevent the non-display area of the display panel 100 from
being visible.

[0073] The first inter-module bonding layer 310 for bond-
ing the window 500 and the display panel 100 together may
be disposed between the window 500 and the display panel
100. The window 500 and the display panel 100 may be
bonded to each other by the first inter-module bonding layer
310. The first inter-module bonding layer 310 may include
an adhesive material having transparent properties. For
example, the first inter-module bonding layer 310 may
include an optically clear adhesive (OCA) or an optically
clear resin (OCR).

[0074] The first inter-module bonding layer 310 may be
disposed to overlap the display panel 100 and cover sub-
stantially the entire surface of the display panel 100. The first
inter-module bonding layer 310 may have the same or
substantially similar shape as the display panel 100 in plan
view.

[0075] The thickness of the first inter-module bonding
layer 310 may be greater than that of the second inter-
module bonding layer 170. For example, a second thickness
12 of the first inter-module bonding layer 310 may be greater
than a first thickness t1 of the second inter-module bonding
layer 170 as shown in FIG. 3. The second thickness t2 may
have a thickness range of about 75 pum to about 200 um, and
the first thickness t1 may have a thickness range of about 10
um to about 30 pm. As will be described later, a hole is
formed to pass through the display panel 100 and the first
inter-module bonding layer 130 in the thickness direction.
Here, since the second thickness t2 of the first inter-module
bonding layer 310 is greater than the first thickness t1 of the
second inter-module bonding layer 170, greater thermal
energy may be required when a through hole is formed in the
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first inter-module bonding layer 310 than when a through
hole is formed in the second inter-module bonding layer
170.

[0076] The display device 1 according to the exemplary
embodiment may further include a through hole OP which
passes through the display panel 100 and the first inter-
module bonding layer 310 in the thickness direction. In
addition, the display device 1 according to the exemplary
embodiment may further include a second non-display area
NA2 located around the through hole OP. The through hole
OP may be located inside the display device 1. The through
hole OP may have a circular or elliptical planar shape in plan
view. However, the planar shape of the through hole OP is
not limited to these exemplary embodiments, and various
other shapes such as a triangle and a quadrilateral may also
be applied as the planar shape of the through hole OP.
[0077] Although only one through hole OP is illustrated in
FIGS. 1 through 3, exemplary embodiments are not limited
to this case, and a plurality of through holes OP may also be
provided.

[0078] The second non-display area NA2 may be located
around the through hole OP. The second non-display area
NA2 may completely or partially surround the through hole
OP in plan view. The display area DA may completely or
partially surround the second non-display area NA2 in plan
view. Like the first non-display area NA1, the second
non-display area NA2 may be an area where no image is
displayed. For example, the second non-display area NA2
may be an area where the pixels of the display panel 100 are
not disposed and the display wirings of the circuit layer 120
for connecting adjacent pixels bypass the through hole OP.
[0079] The through hole OP may pass through the stacked
structure of the display panel 100 and the first inter-module
bonding layer 310 along the through direction DR3 but may
not pass through the window 500. For example, as shown in
FIG. 3, an electronic element EMD may be disposed in the
through hole OP. The electronic element EMD may include,
but is not limited to an electronic component such as a
camera, an infrared camera, or an infrared sensor, or the like.

[0080] A display module according to an exemplary
embodiment will now be described.

[0081] FIG. 4 is an exploded perspective view of an
exemplary embodiment of a display module 10 constructed
according to the principles of the invention. FIG. 5 is a
cross-sectional view taken along line V-V' of FIG. 4.
[0082] Referring to FIGS. 4 and 5, the display module 10
according to the exemplary embodiment may include the
display panel 100 described above, the first inter-module
bonding layer 310, and a first protective film 320 disposed
on the first inter-module bonding layer 310.

[0083] The first protective film 320 may be disposed on a
first surface of the first inter-module bonding layer 310 and
overlap the first inter-module bonding layer 310 in the
thickness direction. The first protective film 320 may have
the same or substantially similar planar size as the first
inter-module bonding layer 310 to cover and protect the first
surface of the first inter-module bonding layer 310.

[0084] The first protective film 320 may be attached to and
protect the first surface of the first inter-module bonding
layer 310 before the display module 10 is attached to the
window 500 described in FIG. 1, but may be peeled off and
removed when the display module 10 is attached to the
window 500.
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[0085] The first protective film 320 may include at least
one of polyethylene terephthalate (PET), polyurethane (PU),
polyimide (PI), polycarbonate (PC), polyethylene (PE),
polypropylene (PP), polysulfone (PSF), polymethyl meth-
acrylate (PMMA), triacetyl cellulose (TAC), and cyclo
olefin polymer (COP).

[0086] The through hole OP described in FIGS. 1 through
3 may also be provided in the display module 10 according
to the exemplary embodiment. That is, the display module
10 may include the through hole OP passing through the
display panel 100, the first inter-module bonding layer 310,
and the first protective film 320 in the thickness direction.
The position of the through hole OP in FIG. 4 is the same as
the position of the through hole OP in FIGS. 1 through 3.

[0087] A bonding member according to an exemplary
embodiment will now be described.

[0088] FIG. 6 is a perspective view of an exemplary
embodiment of a bonding member 300 constructed accord-
ing to the principles of the invention. FIG. 7 is a cross-
sectional view taken along line VII-VII' of FIG. 6.

[0089] Referring to FIGS. 6 and 7, the bonding member
300 according to the exemplary embodiment may include
the first inter-module bonding layer 310 described above, the
first protective film 320 disposed on the first inter-module
bonding layer 310, and a second protective film 330 dis-
posed under the first inter-module bonding layer 310. The
bonding member 300 may further include light absorbing
patterns disposed on at least one surface of the first protec-
tive film 320. The light absorbing patterns may include a
hole area light absorbing pattern 325 and an edge light
absorbing pattern 327 disposed on the first protective film
320. For example, the hole area light absorbing pattern 325
may disposed inwardly from the outer edges of the first
protective film 320 and the edge light absorbing pattern 327
may be located along the outer edges of the first protective
film 320.

[0090] Since an edge shaping process to be described later
is not performed on the bonding member 300 according to
the exemplary embodiment, the first inter-module bonding
layer 310 and the first protective film 320 applied to the
display module 10 may be shaped not like a rectangle with
rounded corners, but like a rectangle with angled corners.
The second protective film 330 may also be shaped like a
rectangle with angled corners.

[0091] The second protective film 330 may be disposed on
a second surface of the first inter-module bonding layer 310
and may overlap the first inter-module bonding layer 310 in
the thickness direction. The second protective film 330 may
have the same or substantially similar planar size as the first
inter-module bonding layer 310 to cover and protect the
second surface of the first inter-module bonding layer 310.

[0092] The second protective film 330 may be attached to
and protect the second surface of the first inter-module
bonding layer 310 before the bonding member 300 is
attached to the display panel 100 described above, but may
be peeled off and removed when the bonding member 300
is attached to the display panel 100.

[0093] The second protective film 330 may include at least
one of polyethylene terephthalate (PET), polyurethane (PU),
polyimide (PI), polycarbonate (PC), polyethylene (PE),
polypropylene (PP), polysulfone (PSF), polymethyl meth-
acrylate (PMMA), triacetyl cellulose (TAC), and cyclo
olefin polymer (COP).
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[0094] As will be described later, the light absorbing
patterns may absorb light of a specific wavelength used in a
hole forming process and/or an edge shaping process of the
display module 10, thereby making it easy to penetrate the
first inter-module bonding layer 310 which is adjacent to the
light absorbing patterns in the thickness direction.

[0095] The light absorbing patterns 325, 327 may be
determined according to the wavelength range of light used
in the hole forming process and/or the edge shaping process
of the display module 10. For example, the light absorbing
patterns 325, 327 may include an ultraviolet wavelength
absorber that absorbs light in an ultraviolet wavelength
range and transmits light in the other wavelength ranges.
[0096] The hole area light absorbing pattern 325 and the
edge light absorbing pattern 327 may include the same
material and may be formed simultaneously in the same
process. The hole area light absorbing pattern 325 and the
edge light absorbing pattern 327 may have the same thick-
ness.

[0097] As illustrated in FIG. 7, the hole area light absorb-
ing pattern 325 may be disposed in a preliminary through
hole area OPa having the same planar size as the through
hole OP of FIG. 5. The hole area light absorbing pattern 325
may have the same planar size as the preliminary through
hole area OPa. That is, the hole area light absorbing pattern
325 may be disposed to completely overlap the preliminary
through hole area OPa. The hole area light absorbing pattern
325 may be disposed on the first protective film 320 and
located inwardly from the outer edges of the first protective
film 320.

[0098] The edge light absorbing pattern 327 may extend
along the edges of the first protective film 320. The edge
light absorbing pattern 327 may be continuously disposed
along short sides of the first protective film 320 in the first
direction DR1 and long sides of the first protective film 320
in the second direction DR2.

[0099] In some exemplary embodiments, if light in dif-
ferent wavelength ranges is used in the hole forming process
and/or the edge shaping process of the display module 10,
the hole area light absorbing pattern 325 and the edge light
absorbing pattern 327 may include different materials. In
this case, the hole area light absorbing pattern 325 and the
edge light absorbing pattern 327 may be formed in different
processes, and their thicknesses may be the same or differ-
ent.

[0100] A method of fabricating a display device using the
bonding member 300 and the display module 10 according
to an exemplary embodiment will now be described.
[0101] FIG. 8 is a flowchart of a method of fabricating a
display device according to an exemplary embodiment of
the invention. FIGS. 9 through 12 are cross-sectional views
illustrating steps of the method of fabricating a display
device of FIG. 8.

[0102] Referring to FIG. 8, in the method of fabricating a
display device according to the exemplary embodiment, the
bonding member 300 described above in FIG. 6 is prepared
(operation S10). The bonding member 300 may include the
first inter-module bonding layer 310, the first protective film
320 disposed on the first inter-module bonding layer 310,
and the second protective film 330 disposed under the first
inter-module bonding layer 310. The first protective film 320
may be disposed on the first surface of the first inter-module
bonding layer 310, and the second protective film 330 may
be disposed on the second surface of the first inter-module
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bonding layer 310. In addition, the bonding member 300
may further include the light absorbing patterns 325 and 327
disposed on a first surface of the first protective film 320.
[0103] The light absorbing patterns 325 and 327 may be
determined according to the wavelength range of light used
in the hole forming process and/or the edge shaping process
of the display module 10. For example, the light absorbing
patterns 325 and 327 may include an ultraviolet wavelength
absorber that absorbs light in an ultraviolet wavelength
range and transmits light in the other wavelength ranges.
[0104] The hole area light absorbing pattern 325 and the
edge light absorbing pattern 327 may include the same
material and may be formed simultaneously in the same
process. The hole area light absorbing pattern 325 and the
edge light absorbing pattern 327 may have substantially the
same thickness.

[0105] Each of the hole area light absorbing pattern 325
and the edge light absorbing pattern 327 may be directly
formed on the first surface of the first protective film 320.
Each of the hole area light absorbing pattern 325 and the
edge light absorbing pattern 327 may be directly disposed
(e.g., directly applied or coated) on the first surface of the
first protective film 320.

[0106] The hole area light absorbing pattern 325 may be
disposed in the preliminary through hole area OPa having
the same planar size as the through hole OP of FIG. 5. The
hole area light absorbing pattern 325 may have the same
planar size as the preliminary through hole OPa. That is, the
hole area light absorbing pattern 325 may be placed to
completely overlap the preliminary through hole area OPa.
The hole area light absorbing pattern 325 may be located
inside the first protective film 320 in plan view.

[0107] The edge light absorbing pattern 327 may extend
along the edges of the first protective film 320. The edge
light absorbing pattern 327 may be continuously disposed
along the short sides of the first protective film 320 in the
first direction DR1 and the long sides of the first protective
film 320 in the second direction DR2.

[0108] Referring to FIGS. 8 and 9, the second protective
film 330 is peeled off from the second surface of the first
inter-module bonding layer 310 (operation S20). The peel-
ing off of the second protective film 330 from the second
surface of the first inter-module bonding layer 310 (opera-
tion S20) may be performed by at least one pull-tab portion
of'the second protective film 330 which protrudes outwardly
from the first inter-module bonding layer 310. Since the
second protective film 330 includes at least one pull-tab
portion protruding outwardly from the first inter-module
bonding layer 310, it can be easily peeled off.

[0109] Referring to FIGS. 8 and 10, the display panel 100
is attached to the second surface of the first inter-module
bonding layer 310 from which the second protective film
330 has been peeled off (operation S30). The optical film
160 of the display panel 100 may be attached to the second
surface of the first inter-module bonding layer 310. Since the
display panel 100 has been described above in detail, a
redundant description thereof will be omitted.

[0110] Referring to FIGS. 8 and 11, the through hole OP
is formed in the display panel 100, the first inter-module
bonding layer 310, and the first protective film 320 (opera-
tion S40). The forming of the through hole OP in the display
panel 100, the first inter-module bonding layer 310, and the
first protective film 320 includes simultaneously forming the
through hole OP in the display panel 100, the first inter-
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module bonding layer 310, and the first protective film 320.
The forming of the through hole OP (operation S40) may be
performed using a laser device 700. The laser device 700
may irradiate the light absorbing patterns 325 and 327
formed on the first surface of the first protective film 320
with light LS in an ultraviolet wavelength band.

[0111] The forming of the through hole OP may further
include irradiating light in the downward direction or the
upward direction based on FIG. 11 by using the laser device
700. Assuming the light absorbing patterns 325 and 327 are
not provided on the first protective film 320, when light is
irradiated in the downward direction or the upward direc-
tion, sufficient thermal energy generated by the light LS may
not be transferred to the first inter-module bonding layer
310. Therefore, the through hole OP may not be formed
completely or at all. Instead, a sticky liquid may be gener-
ated by the material of the first inter-module bonding layer
310 melted by some thermal energy. The generated sticky
liquid may adhere to the adjacent display panel 100 or a
surface or side surfaces of the window 500 to be attached in
a subsequent process, thus causing a module defect. In
addition, foreign matter and the like may adhere to the sticky
liquid, causing a foreign matter defect such as an adhesion
defect which is caused by foreign matter sticking to the first
inter-module bonding layer 310.

[0112] In the method of fabricating a display device
according to the exemplary embodiment, the light absorbing
patterns 325 and 327 formed on the first surface of the first
protective film 320 better absorb light emitted from the laser
device 700 when the through hole OP is formed. Therefore,
since sufficient thermal energy is transferred to the first
inter-module bonding layer 310, the through hole OP can be
formed in a short time without generation of a sticky liquid,
etc. due to the partial melting of the first inter-module
bonding layer 310.

[0113] As a result of the inventive principles, the module
defect or the foreign matter defect described above can be
reduced or prevented.

[0114] Referring to FIGS. 8 and 12, the first protective
film 320 is peeled off from the first surface of the first
inter-module bonding layer 310 (operation S50). The peel-
ing off of the first protective film 320 from the first surface
of the first inter-module bonding layer 310 (operation S50)
may be performed by at least one pull-tab portion of the first
protective film 320 which protrudes outwardly from the first
inter-module bonding layer 310. Since the first protective
film 320 includes at least one pull-tab portion protruding
outwardly from the first inter-module bonding layer 310, it
can be easily peeled off.

[0115] Referring to FIGS. 8 and 3, the window 500 is
attached to the first surface of the first inter-module bonding
layer 310 from which the first protective film 320 has been
peeled off (operation S60).

[0116] Hereinafter, other exemplary embodiments will be
described.
[0117] FIG. 13 is a cross-sectional view of an exemplary

embodiment of a display module 10_1. FIG. 14 is a cross-
sectional view of an exemplary embodiment of a bonding
member.

[0118] Referring to FIGS. 13 and 14, the display module
10_1 according to the exemplary embodiment is different
from the display module 10 according to the exemplary
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embodiment of FIG. 5 in that a second light absorbing
pattern 325~ is further disposed on a first surface of a first
protective film 320.

[0119] More specifically, the second light absorbing pat-
tern 3257 may be disposed around the through hole OP. The
second light absorbing pattern 325+ may be disposed in a
second non-display area NA2. The second light absorbing
pattern 325 may be formed using the bonding member of
FIG. 14. That is, as illustrated in FIG. 14, the bonding
member may include a first light absorbing pattern 325a
formed to be larger than the preliminary through hole area
OPa described above in FIG. 7. The first light absorbing
pattern 3254 may have a larger planar size than the prelimi-
nary through hole area OPa to completely cover the pre-
liminary through hole area OPa.

[0120] Since the first light absorbing pattern 3254 accord-
ing to the current exemplary embodiment has a larger planar
size than the preliminary through hole area OPa, the through
hole OP can be easily formed even if light emitted by a laser
device 700 is not accurately aligned with a boundary of the
preliminary through hole area OPa but is aligned outside the
boundary.

[0121] The first light absorbing pattern 3254 according to
the current exemplary embodiment may have a generally
circular or elliptical planar shape according to the planar
shape of the preliminary through hole area OPa. However,
the planar shape of the first light absorbing pattern 3254 is
not limited to these examples, and the first light absorbing
pattern 325a¢ may also have a triangular, quadrilateral, or
other polygonal shapes as long as it is larger than the
preliminary through hole area OPa in plan view.

[0122] The second light absorbing pattern 325 according
to the current exemplary embodiment may have an annular
shape like a ring completely surrounding the through hole
OP in plan view. However, the planar shape of the second
light absorbing pattern 325~ can vary according to the planar
shape of the first light absorbing pattern 325a.

[0123] FIG. 15 is a cross-sectional view of another exem-
plary embodiment of a display module 10_2. FIG. 16 is a
perspective view of another exemplary embodiment of a
bonding member.

[0124] Referring to FIGS. 15 and 16, the display module
10_2 according to the exemplary embodiment is different
from the display module 10 according to the exemplary
embodiment of FIG. 5 in that a fourth light absorbing pattern
32572 is further disposed on a first surface of a first protec-
tive film 320.

[0125] The fourth light absorbing pattern 32572 according
to the current exemplary embodiment may have a larger
planar size than the second light absorbing pattern 3257 of
FIG. 13 and may substantially cover the entire first protec-
tive film 320 disposed under the fourth light absorbing
pattern 325¢2.

[0126] The fourth light absorbing pattern 32572 may be
disposed around the through hole OP. The fourth light
absorbing pattern 32572 may be disposed in a second
non-display area NA2 and a display area DA. The fourth
light absorbing pattern 32572 may be formed using the
bonding member 300 of FIG. 16. That is, as illustrated in
FIG. 16, the bonding member 300 may include a third light
absorbing pattern 32541 formed to be larger than the pre-
liminary through hole area OPa described above in FIG. 7.
The third light absorbing pattern 32541 may have a larger
planar size than the preliminary through hole area OPa to
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completely cover the preliminary through hole area OPa.
The third light absorbing pattern 32541 may be disposed on
substantially the entire surface of the first protective film
320.

[0127] Since the third light absorbing pattern 325aq1
according to the current exemplary embodiment has a larger
planar size than the preliminary through hole area OPa, the
through hole OP can be easily formed even if light emitted
by a laser device 700 is not accurately aligned with a
boundary of the preliminary through hole area OPa but is
aligned outside the boundary.

[0128] The fourth light absorbing pattern 32572 according
to the current exemplary embodiment may completely sur-
round the through hole OP in plan view.

[0129] FIG. 17 is a cross-sectional view of still another
exemplary embodiment of a display module 10_3. FIG. 18
is a cross-sectional view of still another exemplary embodi-
ment of a bonding member.

[0130] Referring to FIGS. 17 and 18, the display module
10_3 according to the exemplary embodiment is different
from the display module 10 according to the exemplary
embodiment of FIG. 5 in that a sixth light absorbing pattern
325¢3 is further disposed on a second surface of a first
protective film 320.

[0131] More specifically, the sixth light absorbing pattern
32573 may be disposed around the through hole OP. The
sixth light absorbing pattern 32573 may be disposed in a
second non-display area NA2. The sixth light absorbing
pattern 32573 may be disposed on the second surface of the
first protective film 320 to directly contact the first inter-
module bonding member 310.

[0132] The sixth light absorbing member 32573 may be
formed using the bonding member of FIG. 18. That is, as
illustrated in FIG. 18, the bonding member may include a
fifth light absorbing pattern 32542 formed to be larger than
the preliminary through hole area OPa described above in
FIG. 7. The fifth light absorbing pattern 32542 may have a
larger planar size than the preliminary through hole area OPa
to completely cover the preliminary through hole area OPa.
[0133] The fifth light absorbing pattern 32542 may be
disposed directly on the second surface of the first protective
film 320 to directly contact the first inter-module bonding
member 310.

[0134] In some exemplary embodiments, the fifth light
absorbing pattern 32542 may be disposed on substantially
the entire surface of the first protective film 320.

[0135] Since the fifth light absorbing pattern 32542
according to the current exemplary embodiment has a larger
planar size than the preliminary through hole area OPa, the
through hole OP can be easily formed even if light emitted
by a laser device 700 is not accurately aligned with a
boundary of the preliminary through hole area OPa but is
aligned outside the boundary.

[0136] The fifth light absorbing pattern 32542 according
to the current exemplary embodiment may have a generally
circular or elliptical planar shape according to the planar
shape of the preliminary through hole area OPa. However,
the planar shape of the fifth light absorbing pattern 32542 is
not limited to these examples, and the fifth light absorbing
pattern 32542 may also have a triangular, quadrilateral, or
other polygonal shapes as long as it is larger than the
preliminary through hole area OPa in plan view.

[0137] The sixth light absorbing pattern 325r3 according
to the current exemplary embodiment may be annular in
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shape like a ring completely surrounding the through hole
OP in plan view. However, the planar shape of the sixth light
absorbing pattern 325¢3 can vary according to the planar
shape of the fifth light absorbing pattern 32542.

[0138] According to an exemplary embodiment, since a
light absorbing pattern is formed on a protective film dis-
posed on a surface of an inter-module bonding layer, suffi-
cient thermal energy may be transferred to the inter-module
bonding layer even when a hole is formed simultaneously in
a display panel and the inter-module bonding layer. There-
fore, a module or foreign matter defect of the inter-module
bonding layer can be reduced or prevented.

[0139] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the inventive concepts are not limited to
such embodiments, but rather to the broader scope of the
appended claims and various obvious modifications and
equivalent arrangements as would be apparent to a person of
ordinary skill in the art.

What is claimed is:

1. A method of fabricating a display device, the method
comprising the steps of:

providing a bonding member including a bonding layer, a

first protective film disposed on the bonding layer and
having a light absorbing pattern, and a second protec-
tive film disposed under the bonding layer;

attaching a display panel to a surface of the bonding layer

by peeling off the second protective film; and
forming a through hole extending through the bonding

layer, the first protective film and the display panel in

an area where the light absorbing pattern is disposed.

2. The method of claim 1, wherein the light absorbing
pattern has a surface area approximately equal to or greater
than the surface area of the through hole.

3. The method of claim 2, wherein the light absorbing
pattern is formed on substantially the entire surface of the
first protective film.

4. The method of claim 1, wherein the step of forming of
the through hole is performed using an ultraviolet laser.

5. The method of claim 4, wherein the light absorbing
pattern comprises an ultraviolet light absorbing pattern that
absorbs light in an ultraviolet wavelength band.

6. The method of claim 1, wherein the light absorbing
pattern is disposed on a first surface of the first protective
film that contacts the bonding layer or on a second surface
opposite the first surface.

7. The method of claim 6, wherein the light absorbing
pattern is directly coated on the first surface or the second
surface of the first protective film.

8. The method of claim 7, wherein the light absorbing
pattern is disposed inwardly from outer edges of the first
protective film.

9. The method of claim 1, wherein the light absorbing
pattern is further disposed along edges of the first protective
film.

10. The method of claim 1, further comprising the steps
of peeling off the first protective film after forming the
through hole and attaching a window to the first protective
film from which the first protective film has been peeled off.

11. A display module for a display device comprising:

a display panel;

a first inter-module bonding layer disposed on an upper

surface of the display panel;
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a first protective film having first surface and second
opposed surfaces, the first protective film being dis-
posed on an upper surface of the first inter-module
bonding layer and having a light absorbing pattern
disposed on the first surface or the second surface of the
first protective film; and

a through hole extending through the display panel, the
first inter-module bonding layer and the first protective
film,

wherein the light absorbing pattern at least partially
surrounds the through hole.

12. The display module of claim 11, wherein the light
absorbing pattern is directly disposed on the first surface or
the second surface of the first protective film.

13. The display module of claim 11, wherein the light
absorbing pattern comprises an ultraviolet light absorbing
pattern to absorb light in an ultraviolet wavelength band.

14. The display module of claim 11, wherein the light
absorbing pattern has a generally annular shape and is
disposed inwardly from outer edges of the first protective
film.

15. The display module of claim 11, wherein the display
panel comprises:

a display member including a substrate and a light emit-

ting layer disposed on the substrate;
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an optical film disposed on the display member; and
a second inter-module bonding layer to attach the display
member and the optical film together,
wherein the first inter-module bonding layer has a first
thickness and the second inter-module bonding layer
has a second thickness smaller than the first thickness.
16. The display module of claim 15, wherein the optical
film comprises a polarizing film.
17. A bonding member for a display device comprising:
a bonding layer;
a first protective film disposed on the bonding layer and
having a light absorbing pattern; and
a second protective film disposed under the bonding layer.
18. The bonding member of claim 17, wherein the first
protective film has first and second opposed surfaces, with
the first surface contacting the bonding layer, and the light
absorbing pattern is disposed on the first or second surface.
19. The bonding member of claim 18, wherein the light
absorbing pattern is disposed inwardly from outer edges of
the first protective film.
20. The bonding member of claim 17, wherein the light
absorbing pattern is further disposed along edges of the first
protective film.



