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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
into this specification the entire contents of, and claims all
benefits accruing under 35 U.S.C. §119 from an application
earlier filed in the Korean Intellectual Property Office filed on
Oct. 29, 2012 and there duly assigned Serial No. 10-2012-
0120457.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Thepresent invention relates generally to an organic
light emitting diode (OLED) display device. More particu-
larly, the invention relates to an OLED display device and a
method of manufacturing the same that enhance adhesion
reliability between a display panel and a cover window.
[0004] 2. Description of the Related Art

[0005] Unlike liquid crystal displays (LCDs), OLED dis-
plays have a self light emitting characteristic, do not require a
separate light source, and can thus reduce a thickness and a
weight thereof. Furthermore, the OLED display represents
high quality characteristics of lower power consumption,
high luminance, and a fast response speed.

[0006] The OLED display includes a display panel having
a plurality of signal lines and a plurality of pixels, a flexible
printed circuit (FPC) having a control circuit that sends a
control signal to the display panel, and a circuit film that
connects the display panel and the FPC. Furthermore, the
OLED display includes a cover window (or a transparent
protection portion) that covers and protects a display surface
of the display panel.

[0007] The display panel and the cover window are mutu-
ally bonded by an adhesive layer. The adhesive layer includes
an acryl-based resin that is cured by ultraviolet (UV) rays or
heat. Cohesion of the display panel and the cover window
using the adhesive layer is performed by a process of applying
an adhesive material to a central part of the cover window,
widely spreading the adhesive material by pressing with a
stack of the display panel and the cover window, and curing
the adhesive material by applying UV rays or heat to the
adhesive material.

[0008] However, in the foregoing method, because the
adhesive material is spread in a round form toward a corner of
the display panel, a non-application failure in which the adhe-
sive layer does not fill an entire corner of the display panel
may occur. Accordingly, adhesion reliability of the corner
side 1s deteriorated, and a failure in which the display panel
and the cover window are not mutually bonded may occur at
the corner side.

[0009] The above information disclosed in this Back-
ground section is only for enhancement of an understanding
of the background of the described technology, and therefore
it may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY OF THE INVENTION

[0010] The present invention has been developed in an
effort to provide an OLED display device and a method of
manufacturing the same having the advantages of enhancing
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adhesion reliability of a display panel and a cover window by
increasing an occupying area of an adhesive layer at the
corner side of the display panel.

[0011] An exemplary embodiment provides an OLED dis-
play device including: a display panel that displays an image;
a cover window that is positioned at the outside of a display
surface of the display panel; and an adhesive layer that is
positioned between the display surface and the cover window.
Any one of the display panel and the cover window forms a
concave channel in at least one corner filled with the adhesive
material.

[0012] The display panel may include a first substrate that
has a display area and a pad area and a second substrate that
is attached to the first substrate so as to cover the display area.
The display surface may be an outer surface of the second
substrate.

[0013] The second substrate may have four orthogonal cor-
ners and the channel may be formed in at least one location of
the four orthogonal corners. The channel contacting with an
edge of the corner may be formed in a diagonal direction at
the corner of the second substrate and be positioned at the
outside of the display area.

[0014] The channel may be formed in a single bar type and
have a section shape of a quadrangle, a triangle, an oval, ora
semicircle. The channel may be formed with a plurality of
micro channels having a triangular section shape parallel to
each other.

[0015] The cover window may cover the second substrate
and the pad area and may include a light blocking portion
corresponding to an edge of the display area including the pad
area and a light emitting portion corresponding to the display
area. The second substrate may have four orthogonal corners
and the channel may be formed at a position opposite to at
least one corner of the four orthogonal corners on an inner
surface of the cover window.

[0016] The channel may be formed in a diagonal direction
and be positioned at the light blocking portion. The channel
may be formed in a single bar type and have a section shape
of a quadrangle, a triangle, an oval, or a semicircle. The
channel may be formed with a plurality of micro channels
parallel to each other, and the plurality of micro channels each
may have a triangular section shape.

[0017] Another embodiment provides a method of manu-
facturing an OLED display device, the method including: 1)
providing a display panel including a first substrate having a
display area and a pad area, and a second substrate that covers
the display area; ii) providing a cover window; iii) applying
an adhesive material on the cover window or the second
substrate; iv) disposing the cover window on the second sub-
strate, and widely spreading the adhesive material by apply-
ing a pressure to the cover window; and v) forming an adhe-
sive layer by curing the adhesive material. A concave channel
is formed at acorner of any one of the second substrate and the
cover window for spreading of the adhesive material widely,
the adhesive material moves toward a corner edge of the
second substrate along the channel.

[0018] The adhesive material may include an acryl-based
resin and be cured by ultraviolet (UV) rays or heat to form the
adhesive layer. The adhesive material may form the adhesive
layer by filling a space between the second substrate includ-
ing the channel and the cover window.

[0019] As the channel is formed at a corner of the second
substrate or the cover window, an occupying area of the
adhesive layer is enlarged at the corner of the second sub-
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strate, and the adhesive layer is precisely formed up to a
corner edge of the second substrate. Therefore, a looseness
failure between the display panel and the cover window is
prevented, and adhesion reliability can be enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
junction with the accompanying drawings, in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0021] FIG. 1 is an exploded perspective view illustrating
an OLED display device according to a first exemplary
embodiment of the invention.

[0022] FIG.2isatop planview illustrating a coupling state
of the OLED display device of FIG. 1.

[0023] FIG. 3 is a cut-away cross-sectional view illustrat-
ing the OLED display device taken along line A-A of FIG. 2.
[0024] FIG. 4isatop plan view illustrating a display panel
of the OLED display device that is shown in FIG. 1.

[0025] FIG. 5 is a partial enlarged view illustrating the
display panel of FIG. 4.

[0026] FIGS. 6 to 8 are partial enlarged views of a second
substrate illustrating several exemplary variations of a chan-
nel that is shown in FIG. 5.

[0027] FIG. 9 is a schematic diagram illustrating an inner
surface of a cover window and a display panel of an OLED
display device according to a second exemplary embodiment
of the invention.

[0028] FIG. 10 is alayout view illustrating a pixel circuit of
a display panel that is shown in FIG. 1.

[0029] FIG. 11 is a partially enlarged cross-sectional view
illustrating a display panel that is shown in FIG. 1.

[0030] FIG. 12 is a process flowchart illustrating a method
of manufacturing an OLED display device according to an
exemplary embodiment of the invention.

[0031] FIG. 13 is a top plan view illustrating a cover win-
dow of a third step that is shown in F1G. 12.

[0032] FIGS. 14 and 15 are cross-sectional views illustrat-
ing an OLED display device of a fourth step that is shown in
FIG. 12.

DETAILED DESCRIPTION OF THE INVENTION

[0033] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those skilled in the art will realize, the described embodi-
ments may be modified in various different ways, all without
departing from the spirit or scope of the present invention.
[0034] In addition, in the specification, unless explicitly
described to the contrary, the word “comprise”, and variations
such as “comprises” or “comprising”, will be understood to
imply the inclusion of stated elements but not the exclusion of
any other elements. When it is said that any part, such as a
layer, film, region, or plate, is positioned on another part, it
means the part is directly on the other part or above the other
part with at least one intermediate part. Furthermore, in the
specification, an upper part of a target portion indicates an
upper part or a lower part of a target portion, and it does not
mean that the target portion is always positioned at the upper
side based on a gravity direction.
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[0035] FIG. 1 is an exploded perspective view illustrating
an OLED display device according to a first exemplary
embodiment of the invention, FIG. 2 is a top plan view illus-
trating a coupling state of the OLED display device of FIG. 1,
and F1G. 3 is a cut-away cross-sectional view illustrating the
OLED display device taken along line A-A of FIG. 2.

[0036] Referring to FIGS. 1 to 3, an OLED display device
100 of the first exemplary embodiment includes a display
panel 10 that displays an image, and an adhesive layer 20 and
a cover window 30 that cover a display surface of the display
panel 10. Furthermore, the OLED display device 100
includes a circuit film 40 and an FPC 50 that are connected to
the display panel 10.

[0037] The display panel 10 includes a first substrate 11
having a display area A10 and a pad area A20, and a second
substrate 12 that is bonded on the first substrate 11. A plurality
of signal lines (including scan lines and data lines) and a
plurality of pixels are positioned at the display area A10 of the
first substrate 11, and a plurality of pad electrodes (not shown)
are positioned at the pad area A20.

[0038] Anintegrated circuit chip 151s positioned at the pad
area A20 of the first substrate 11, and a scan driver (not
shown) and a data driver (not shown) are positioned at the
outside of the display area A10 of the first substrate 11. The
scan driver supplies a scan signal to a plurality of pixels
through the scan lines, and the data driver supplies a data
signal to a plurality of pixels through the data lines.

[0039] The second substrate 12 is formed in a size smaller
than that of the first substrate 11 and is attached to the display
area A10 of the first substrate 11. The first substrate 11 and the
second substrate 12 are integrally bonded by a sealant (not
shown) that is applied along an edge of the second substrate
12. The second substrate 12 is an encapsulation substrate and
seals a plurality of pixels, thereby protecting the plurality of
pixels from an external environment including moisture and
oxygen.

[0040] The FPC 50 includes an electronic element (not
shown) for processing a driving signal and a connector 51 for
receiving an external signal. The circuit film 40 electrically
and physically connects the display panel 10 and the FPC 50.
An end portion of one side of the circuit film 40 is fixed to the
pad area A20 so as to be electrically connected to pad elec-
trodes, and an end portion of an opposite side thereof is fixed
to the FPC 50 s0 as to be electrically connected to wires of the
FPC 50.

[0041] A driving signal that is generated in the FPC 50 is
transferred to the display panel 10 through the circuit film 40,
and the display panel 10 displays an image using light that is
generated in a plurality of pixels. Light that is generated in a
plurality of pixels transmits the second substrate 12 and is
emitted to the outside. In this case, a display surface of the
display panel 10 becomes an outer surface of the second
substrate 12. The circuit film 40 is bent toward the outer
surface of the first substrate 11 and enables the FPC 50 to be
positioned at the outside of the first substrate 11.

[0042] The cover window 30 is positioned at the outside of
a display surface of the display panel 10 and protects the
display surface from an external impact and scratch that are
applied from the outside of the display surface. Specifically,
the cover window 30 is positioned at the outside of the second
substrate 12 and covers all of the second substrate 12 and the
pad area A20. The cover window 30 is made of a transparent
material such as glass or transparent plastic.
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[0043] The cover window 30 includes a light blocking por-
tion 31 corresponding to an edge of the display panel 10
including the pad area A20 of the first substrate 11 and a light
emitting portion 32 corresponding to the display area A10.
The light blocking portion 31 performs a function of blocking
unnecessary light and covering a portion in which animage is
not displayed in the display panel 10. The cover window 30
may be entirely transparently formed without forming the
light blocking portion 31.

[0044] The adhesive layer 20 is positioned between the
display panel 10 and the cover window 30 and mutually bonds
the display panel 10 and the cover window 30. The adhesive
layer 20 fills space between the second substrate 12 and the
cover window 30 and is formed in the same area as that of the
second substrate 12. In this case, a predetermined space is
formed between the cover window 30 and the pad area A20 of
the first substrate 11.

[0045] The adhesive layer 20 includes an acryl-based resin
that is cured by UV rays or heat. The adhesive layer 20 is first
applied at the center of the second substrate 12 or the cover
window 30 in a liquid or paste form, and is entirely widely
spread to the second substrate 12 and the cover window 30 by
an applied pressure in a process of stacking the display panel
10 and the cover window 30.

[0046] When the adhesive layer 20 is widely spread to
precisely fill entire space between the second substrate 12 and
the cover window 30, the adhesive layer 20 can exert an
excellent adhesion performance. Particularly, because the
second substrate 12 and the cover window 30 are formed in a
quadrangle having four orthogonal corners, when the adhe-
sive layer 20 is precisely filled at entire orthogonal corners,
adhesion reliability of the display panel 10 and the cover
window 30 can be enhanced.

[0047] FIG. 41isatop plan view illustrating a display panel
of the OLED display device that is shown in FIG. 1, and FIG.
51s a partially enlarged view illustrating the display panel of
FIG. 4.

[0048] Referring to FIGS. 4 and 5, the second substrate 12
forms a channel 13 that guides flow of an adhesive material in
at least one corner of four orthogonal corners. FIG. 4 illus-
trates a case where the second substrate 12 forms the channel
13 at all four orthogonal corners.

[0049] Thechannel 13 is formed with a concave groove that
is formed at an outer surface of the second substrate 12 and is
formed in a diagonal direction at the corner of the second
substrate 12. Here, the ‘diagonal direction’ is defined as a
direction having a predetermined angle relative to the long
side and the short side of the second substrate 12. For
example, the channel 13 may have a tilt angle of 45° relative
to the long side and the short side of the second substrate 12.
The tilt angle of the channel 13 is not limited to 45° and can
be variously set according to a spreading form of an adhesive
material.

[0050] Thechannel 13 is formed in a single bar type having
aconstant width and a predetermined length, and has a square
section shape. In this case, the channel 13 includes a flat
bottom portion 13a and a plurality of vertical side walls 134.
The channel 13 is formed so as to contact a corner edge of the
second substrate 12. Therefore, the channel 13 is entirely
formed in a square bar type, but an end portion of the channel
13 has an orthogonal form corresponding to the corner edge.
[0051] The channel 13 is positioned at the outside of the
display area A10 so as not to invade the display area A10. That
is, the channel 13 is formed at a position corresponding to the
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light blocking portion 31 of the cover window 30 of the
second substrate 12 and enables a step of the second substrate
12 due to the channel 13 not to have an influence on an image
display.

[0052] When an adhesive material that is applied to a cen-
tral portion of the second substrate 12 or the cover window 30
is widely spread by a stack pressure of the display panel 10
and the cover window 30, the channel 13 of the foregoing
configuration performs a function of enhancing spread of the
adhesive material by guiding flow of the adhesive material in
a length direction of the channel 13. Therefore, the adhesive
layer 20 fills an upper portion of the corner of the second
substrate 12 including the channel 13.

[0053] Inthis way, an occupying area of the adhesive layer
20 is enlarged at the corner of the second substrate 12 as the
channel 13 1s formed at the corner of the second substrate 12,
and the adhesive layer 20 is precisely formed up to a corner
edge of the second substrate 12. As aresult, the OLED display
device 100 of the first exemplary embodiment can enhance
adhesion reliability of the display panel 10 and the cover
window 30.

[0054] FIGS. 6 to 8 are partially enlarged views of a second
substrate illustrating several exemplary variations of a chan-
nel that is shown in FIG. 5.

[0055] Referring to FIG. 6, a channel 131 may have a
triangular section shape, and in this case, two inclined sur-
faces form a channel. Referring to FIG. 7, a channel 132 may
have an oval or semicircular section shape. Referring to FIG.
8, a channel 133 is formed with a plurality of micro channels
parallel to each other, and each micro channel may have a
triangular section shape.

[0056] The shape of the channels 13 (FIGS. 4 and 5), 131
(FIG. 6), 132 (FIG. 7), and 133 (FIG. 8) is not limited to
illustrated examples and may be formed in a depressed form
atacorner of the second substrate 12 so as to guide flow of the
adhesive material toward a corner edge of the second sub-
strate 12.

[0057] FIG. 9 is a schematic diagram illustrating an inner
surface of a cover window and a display panel of an OLED
display device according to a second exemplary embodiment
of the invention.

[0058] Referring to FIG. 9, the OLED display device of the
second exemplary embodiment has the same configuration as
that of the OLED display device of the foregoing first exem-
plary embodiment except that channels 134a and 1345 are
formed at an inner surface of the cover window 30 instead of
the second substrate 12. Constituent elements identical to or
corresponding to those of the first exemplary embodiment are
denoted by the same reference numerals, and constituent
elements different from those of the first exemplary embodi-
ment will be described here in detail.

[0059] The cover window 30 has four orthogonal corners,
and two orthogonal corners thereof are opposite to an
orthogonal corner of the second substrate 12 and other two
orthogonal corners are opposite to orthogonal corners of the
first substrate 11. The cover window 30 forms the channel
134a at two orthogonal corners opposite to the orthogonal
corner of the second substrate 12. Furthermore, the cover
window 30 forms the channel 1344 at a position opposite to
an orthogonal corner of the second substrate 12 contacting the
pad area A20.

[0060] The channels 134 and 1345 that are formed in the
cover window 30 are formed in a diagonal direction, are a
single bar type having a constant width and a predetermined
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length, and may have a square, triangular, oval, or semicircu-
lar section shape. The channels 134a and 1345 may be formed
with a plurality of micro channels parallel to each other. FIG.
9 illustrates a single bar type channel. The channels 134a and
1345 that are formed in the cover window 30 are positioned at
the outside, i.e., the light blocking portion 31 of the display
area A10 so as not to invade the display area A10.

[0061] FIG. 10 is a layout view illustrating a pixel circuit of
a display panel that is shown in FIG. 1, and FIG. 11 is a
partially enlarged cross-sectional view of a display panel that
is shown in FIG. 1.

[0062] Referring to FIGS. 10 and 11, the pixel includes an
OLED L1 and driving circuit portions T1, T2, and C1. The
OLED L1 includes a pixel electrode 141, an organic emission
layer 142, and a common electrode 143. The driving circuit
portions T1, T2, and C1 include at least two thin film transis-
tors (a switching transistor T1 and a driving transistor T2) and
at least one capacitor C1.

[0063] The switching transistor T1 is connected to a scan
line SL1 and a data line DL1, and transmits a data voltage that
is inputted at the data line DL1 to the driving transistor T2
according to a switching voltage that is inputted to the scan
line SL1. The capacitor C1 is connected to the switching
transistor T1 and a power source line VDD, and stores a
voltage corresponding to a difference between a voltage
received from the switching transistor T1 and a voltage sup-
plied to the power source line VDD.

[0064] The driving transistor T2 is connected to the power
source line VDD and the capacitor C1 so as to supply an
output current IOLED, proportional to the square of a differ-
ence between a voltage that is stored at the capacitor C1 and
a threshold voltage, to the OLED L1, and the OLED L1 emits
light with intensity proportional to the output current IOLED.
The driving transistor T2 includes a gate electrode 181, a
source electrode 182 and a drain electrode 183, and the pixel
electrode 141 is connected to the drain electrode 183 of the
driving transistor T2.

[0065] FIG. 12 is a process flowchart illustrating a method
of manufacturing an OLED display device according to an
exemplary embodiment of the invention.

[0066] Referring to FIG. 12, the method of manufacturing
an OLED display device includes first step S10 of providing
a display panel including a first substrate having a display
area and a pad area, and a second substrate that covers the
display area, second step S20 of providing a cover window,
and third step S30 of applying an adhesive material to the
cover window or the second substrate. Furthermore, the
method of manufacturing an OLED display device includes
fourth step S40 of disposing the cover window on the second
substrate so that an inner surface of the cover window is
opposite to the second substrate and of widely spreading an
adhesive material by applying a pressure to the cover window,
and fifth step S50 of forming an adhesive layer by curing the
adhesive material.

[0067] FIG. 13 is a top plan view illustrating a cover win-
dow of a third step that is shown in FI1G. 12.

[0068] Referring to FIG. 13, at the third step S30, an adhe-
sive material 25 is applied to the light emitting portion 32 of
the cover window 30 in a liquid or paste form. The adhesive
material 25 includes an acryl-based resin that is cured by UV
rays or heat, and is applied in a shape that attaches approxi-
mately two'Y in a vertical direction. FIG. 13 illustrates a case
where the adhesive material 25 is applied to an inner surface
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of the cover window 30, but the adhesive material 25 may be
applied to an outer surface of the second substrate 12.
[0069] FIGS. 14 and 15 are cross-sectional views illustrat-
ing an OLED device display of a fourth step that is shown in
FIG. 12.

[0070] Referring to FIGS. 14 and 15, at fourth step S40 of
FIG. 12, the adhesive material 25 is widely spread in all
directions by a stack pressure of the second substrate 12 and
the cover window 30. In this case, because the concave chan-
nel 13 is formed at a corner of the second substrate 12, the
adhesive material 25 that is spread toward the corner of the
second substrate 12 easily flows in a length direction of the
channel 13.

[0071] Therefore, the adhesive material 25 easily arrives up
to an edge of the corner of the second substrate 12 along the
channel 13 and precisely fills an entire edge of the corner of
the second substrate 12. FIGS. 14 and 15 illustrate a case
where the channel 13 is formed at the corner of the second
substrate 12, but the channel 13 may be formed at an inner
surface of the cover window 30.

[0072] Inthisway, as the channel 13 is formed in the second
substrate 12 or the cover window 30, the OLED display
device 100 according to the present exemplary embodiment
increases an occupying area of the adhesive layer 20 at the
corner of the second substrate 12 and can prevent a non-
application failure in which the adhesive layer 20 does not fill
an entire corner of the second substrate 12. As aresult, aloose
failure of the display panel 10 and the cover window 30 does
not occur at the corner, and adhesion reliability of the display
panel 10 and the cover window 30 can be enhanced.

[0073] While this disclosure has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

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

a display panel that displays an image;

a cover window that is positioned at an outside of a display

surface of the display panel; and

an adhesive layer that is positioned between the display

surface and the cover window,

wherein any one of the display panel and the cover window

formsa concave channel in at least one corner filled with
the adhesive material.

2. The OLED display device of claim 1, wherein the dis-
play panel comprises a first substrate that has a display area
and a pad area, a second substrate that is attached to the first
substrate so as to cover the display area, and a display surface
being an outer surface of the second substrate.

3. The OLED display device of claim 2, wherein the second
substrate comprises four orthogonal corners and the channel
being formed in at least one location of the four orthogonal
corners.

4. The OLED display device of claim 3, wherein the chan-
nel contacting with an edge of the corner is formed in a
diagonal direction at the corner of the second substrate and is
positioned at the outside of the display area.

5. The OLED display device of claim 3, wherein the chan-
nel is formed in a single bar type and has a section shape of
any one of a quadrangle, a triangle, an oval, and a semicircle.
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6. The OLED display device of claim 3, wherein the chan-
nel is formed with a plurality of micro channels having a
triangular section shape parallel to each other.

7. The OLED display device of claim 1, wherein the cover
window covers a light blocking portion corresponding to an
edge of the display area comprising the pad area and a light
emitting portion corresponding to the display area.

8. The OLED display device of claim 7, wherein the second
substrate comprises four orthogonal corners and the channel
being formed at a position opposite to at least one corner of
the four orthogonal corners on an inner surface of the cover
window.

9. The OLED display device of claim 8, wherein the chan-
nel is formed in a diagonal direction and positioned at the
light blocking portion.

10. The OLED display device of claim 8, wherein the
channel is formed in a single bar type and comprises a section
shape of any one of a quadrangle, a triangle, an oval, and a
semicircle.

11. The OLED display device of claim 8, wherein the
channel comprises a plurality of micro channels having a
triangular sectional shape parallel to each other.

12. A method of manufacturing an organic light emitting
diode display device comprising the steps of:
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providing a display panel comprising a first substrate hav-
ing a display area and a pad area, and a second substrate
that covers the display area;

providing a cover window;

applying an adhesive material on one of the cover window
and the second substrate;

disposing the cover window on the second substrate and

widely spreading the adhesive material by applying a
pressure to the cover window;

forming an adhesive layer by curing the adhesive material;

forming a concave channel at a corner of any one of the
second substrate and the cover window for spreading of
the adhesive material widely, wherein the adhesive
material moves toward a corner edge of the second sub-
strate along the channel.

13. The method of claim 12, wherein the adhesive material
comprises an acryl-based resin being curable by one of ultra-
violet rays and heat to form the adhesive layer.

14. The method of claim 12, wherein the adhesive material
forms the adhesive layer by filling a space between the second
substrate comprising the channel and the cover window.
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