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(57) ABSTRACT

An electronic apparatus includes a display panel including a
base substrate including an active area and a peripheral area
adjacent to the active area, pixels on the active area, pads on
the peripheral area and arranged in a first direction, signal
lines connecting the pixels to the pads, and a vernier mark
on the peripheral area and spaced apart from the pads and the
signal lines, a circuit board on the display panel and includ-
ing a base film, and leads on the base film and overlapping
with the pads in a plan view, and a conductive adhesive
member extending in the first direction and between the
display panel and the circuit board to connect the pads to the
leads. The conductive adhesive member overlaps with the
vernier mark when viewed in a second direction intersecting
the first direction.
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FIG. 1C
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FIG. 2B
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FIG. 6A
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FIG. 9A
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FIG. 10B
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DISPLAY PANEL, ELECTRONIC
APPARATUS INCLUDING THE SAME, AND
METHOD OF MANUFACTURING THE
ELECTRONIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 16/434,032, dated Jun. 6, 2019, which
claims priority to and the benefit of Korean Patent Appli-
cation No. 10-2018-0071858, filed on Jun. 22, 2018, the
entire contents of which are hereby incorporated by refer-
ence.

BACKGROUND

1. Field

[0002] Embodiments of the present disclosure herein
relate to a display panel, an electronic apparatus including
the same, and a method of manufacturing the electronic
apparatus, and for example, to a display panel capable of
improving process reliability, an electronic apparatus includ-
ing the same, and a method of manufacturing the electronic
apparatus.

2. Description of the Related Art

[0003] An electronic apparatus may include two or more
electronic components. For example, an electronic apparatus
such as a portable phone, a notebook computer, or a tele-
vision may include a display panel configured to display an
image, and a circuit board.

[0004] Two electronic components may be electrically
connected to each other through connection of pads. The two
electronic components may be physically and electrically
coupled to each other through a conductive adhesive mem-
ber. After aligning the conductive adhesive member with the
pads, the two electronic components may be coupled to each
other by a thermal compression tool.

[0005] A process error such as misalignment may occur at
the two electronic components by vibration of the two
electronic components and/or manufacturing apparatuses.
Thus, connection reliability of the electronic components
may be deteriorated.

SUMMARY

[0006] The present disclosure may provide a display panel
capable of improving reliability in a manufacturing process,
an electronic apparatus including the same, and a method of
manufacturing the electronic apparatus.

[0007] In an embodiment of the present disclosure, an
electronic apparatus includes a display panel including a
base substrate including an active area and a peripheral area
adjacent to the active area, a plurality of pixels on the active
area, a plurality of pads on the peripheral area and arranged
in a first direction, a plurality of signal lines connecting the
pixels to the pads, and a vernier mark on the peripheral area
and spaced apart from the pads and the signal lines, a circuit
board on the display panel and including a base film and
leads on the base film and overlapping with the pads in a
plan view, and a conductive adhesive member extending in
the first direction and between the display panel and the
circuit board to connect the pads to the leads. The conductive
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adhesive member overlaps with the vernier mark when
viewed in a second direction intersecting the first direction.
[0008] In an embodiment, a bottom end of the vernier
mark may be aligned with top ends of the pads in the first
direction when viewed in a plan view.

[0009] In an embodiment, a top end of the conductive
adhesive member may be aligned with the bottom end of the
vernier mark in the first direction when viewed in a plan
view.

[0010] In an embodiment, the conductive adhesive mem-
ber may overlap with a portion of the vernier mark when
viewed in a plan view.

[0011] In an embodiment, the circuit board may overlap
with a portion of the vernier mark when viewed in a plan
view.

[0012] In an embodiment, the vernier mark may include a
conductive material or a semiconductor material.

[0013] Inanembodiment, the pixel may include a thin film
transistor including a control electrode, a semiconductor
pattern, an input electrode, and an output electrode, and a
light emitting element connected to the thin film transistor
and including a first electrode, a second electrode, and an
emission layer between the first electrode and the second
electrode. The vernier mark may be on the same layer as at
least one selected from the control electrode, the semicon-
ductor pattern, the input electrode, the output electrode, and
the first electrode.

[0014] In an embodiment, the vernier mark may include a
first pattern, and a second pattern on the first pattern, an
insulating layer being interposed therebetween to intersect
the first pattern. The second pattern may penetrate the
insulating layer so as to be connected to the first pattern.
[0015] In an embodiment, the vernier mark may be on a
single layer to have a single unitary body shape.

[0016] In an embodiment, the vernier mark may include a
plurality of line patterns arranged in the second direction and
extending in the first direction. At least one or some of the
line patterns may be exposed from the conductive adhesive
member.

[0017] In an embodiment, the vernier mark may further
include a vertical pattern extending in the second direction
and intersecting the line patterns.

[0018] In an embodiment, the vernier mark may further
include a horizontal pattern extending in the first direction
and between the line patterns, and a length of the horizontal
pattern may be less than a length of each of the line patterns.
[0019] In an embodiment, the vernier mark may have an
Arabic numeral shape when viewed in a plan view.

[0020] Inan embodiment, the vernier mark may be spaced
apart from the signal lines when viewed in a plan view.
[0021] In an embodiment, the display panel may further
include a panel alignment mark spaced apart from the pads
and overlapping with the conductive adhesive member in a
plan view, and the circuit board may further include a board
alignment mark corresponding to the panel alignment mark
and overlapping with the conductive adhesive member in a
plan view. A left end of the vernier mark may be aligned with
a right end of the panel alignment mark when viewed in the
second direction.

[0022] In an embodiment, a distance from top ends of the
pads to a top end of the conductive adhesive member in the
second direction may be less than 100 um when viewed in
a plan view.
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[0023] In an embodiment of the present disclosure, a
display panel includes a base substrate including an active
area and a peripheral area adjacent to the active area, a
plurality of pixels on the active area of the base substrate, a
plurality of signal lines connected to the pixels, a plurality
of pads that are on the peripheral area, are arranged in a first
direction, and are connected to the signal lines, and a vernier
mark that is on the peripheral area, is spaced apart from the
pads, and includes at least one selected from a conductive
material and a semiconductor material. A bottom end of the
vernier mark may be aligned with top ends of the pads in the
first direction when viewed in a plan view.

[0024] In an embodiment, each of the pixels may include
a thin film transistor including a semiconductor pattern, an
input electrode and an output electrode connected to one
side and another side of the semiconductor pattern, respec-
tively, and a control electrode overlapping with the semi-
conductor pattern, and a light emitting element connected to
the thin film transistor and including a first electrode, a
second electrode on the first electrode, and an emission layer
between the first electrode and the second electrode. The
vernier mark may include the same material as at least one
selected from the semiconductor pattern, the input electrode,
the output electrode, the control electrode, and the first
electrode.

[0025] In an embodiment, the vernier mark may be on the
same layer as at least one selected from the semiconductor
pattern, the input electrode, the output electrode, the control
electrode, and the first electrode.

[0026] In an embodiment, the vernier mark may include a
plurality of line patterns extending in the first direction and
arranged in a second direction intersecting the first direction.
[0027] In an embodiment, the vernier mark may further
include a vertical pattern that extends in the second direc-
tion, intersects the line patterns, and is connected to the line
patterns.

[0028] Inan embodiment, the line patterns and the vertical
pattern may be on the same layer.

[0029] Inan embodiment, the line patterns and the vertical
pattern may be on different layers, an insulating layer being
interposed therebetween, and the vertical pattern may pen-
etrate the insulating layer so as to be connected to the line
patterns.

[0030] In an embodiment, a distance between the line
patterns adjacent to each other may be about 50 um.
[0031] Inanembodiment, the vernier mark may be spaced
apart from the pads and the signal lines when viewed in a
plan view.

[0032] In an embodiment, each of the pads may extend in
a direction inclined with respect to the first direction when
viewed in a plan view.

[0033] In an embodiment of the present disclosure, a
method of manufacturing an electronic apparatus may
include aligning a conductive adhesive member extending in
one direction on pads of a display panel, performing a first
bonding process to press the conductive adhesive member,
aligning a circuit board on the conductive adhesive member,
and performing a second bonding process to press the circuit
board and the pads. The aligning of the conductive adhesive
member may include aligning a position of the conductive
adhesive member based on a vernier mark of the display
panel that is spaced apart from the pads.

[0034] In an embodiment, the aligning of the position of
the conductive adhesive member may include checking an
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overlapping degree of the vernier mark and the conductive
adhesive member. The checking of the overlapping degree
of the vernier mark and the conductive adhesive member
may be performed using a naked eye or a loupe.

[0035] Inan embodiment, the method may further include
correcting a position of the conductive adhesive member.
The correcting of the position of the conductive adhesive
member may include checking an overlapping degree
between the vernier mark and the conductive adhesive
member, and moving a relative position of the conductive
adhesive member with respect to the display panel when the
overlapping degree is beyond a set or predetermined range.
[0036] In an embodiment, the moving of the relative
position of the conductive adhesive member may include
moving the conductive adhesive member in a direction
intersecting the one direction.

[0037] Inan embodiment, the correcting of the position of
the conductive adhesive member may be performed before
the aligning of the circuit board.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The accompanying drawings are included to pro-
vide a further understanding of the subject matter of the
present disclosure, and are incorporated in and constitute a
part of this specification. The drawings illustrate exemplary
embodiments of the present disclosure and, together with the
description, serve to explain principles of embodiments of
the present disclosure. In the drawings:

[0039] FIG. 1A is an exploded perspective view illustrat-
ing an electronic apparatus according to an embodiment of
the present disclosure;

[0040] FIG. 1B is a combined perspective view illustrating
the electronic apparatus of FIG. 1A;

[0041] FIG. 1C is a perspective view illustrating a portion
of the electronic apparatus of FIG. 1B;

[0042] FIG. 1D is a circuit diagram of a component of the
electronic apparatus of FIG. 1A;

[0043] FIG. 2A is an exploded plan view illustrating the
electronic apparatus of FIG. 1B;

[0044] FIG. 2B is a combined plan view illustrating the
electronic apparatus of FIG. 2A;

[0045] FIG. 2C is a cross-sectional view taken along a line
I-T' of FIG. 2B;
[0046] FIG. 3 is an enlarged plan view illustrating a

portion of the electronic apparatus of FIG. 2B;

[0047] FIG. 4 is a cross-sectional view schematically
illustrating a portion of an electronic apparatus according to
an embodiment of the present disclosure;

[0048] FIGS. 5A-5C are cross-sectional views schemati-
cally illustrating portions of electronic apparatuses accord-
ing to some embodiments of the present disclosure;

[0049] FIGS. 6 A-6D are plan views illustrating portions of
electronic apparatuses according to some embodiments of
the present disclosure;

[0050] FIGS. 7A-7B are cross-sectional views illustrating
portions of electronic apparatuses according to some
embodiments of the present disclosure;

[0051] FIG. 8A is an exploded plan view illustrating an
electronic apparatus according to an embodiment of the
present disclosure;

[0052] FIG. 8B is a combined plan view illustrating an
electronic apparatus according to an embodiment of the
present disclosure;
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[0053] FIG. 9A is an exploded perspective view illustrat-
ing an electronic apparatus according to an embodiment of
the present disclosure;

[0054] FIGS. 9B-9C are cross-sectional views illustrating
embodiments of a portion of the electronic apparatus of FIG.
9A;

[0055] FIGS. 10A-10E are perspective views illustrating a
method of manufacturing an electronic apparatus, according
to an embodiment of the present disclosure;

[0056] FIGS. 11A-11D are plan views illustrating some
processes of a method of manufacturing an electronic appa-
ratus, according to an embodiment of the present disclosure;
[0057] FIGS. 12A-12C are plan views illustrating some
processes of a method of manufacturing an electronic appa-
ratus, according to an embodiment of the present disclosure;
[0058] FIG. 13A is a perspective view illustrating an
electronic apparatus according to an embodiment of the
present disclosure;

[0059] FIG. 13B is an exploded perspective view illus-
trating a portion of the electronic apparatus of FIG. 13A;
[0060] FIG. 14A is a plan view illustrating a portion of the
electronic apparatus of FIG. 13A; and

[0061] FIG. 14B is a plan view illustrating a portion of an
electronic apparatus according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0062] The subject matter of the present disclosure will
now be described more fully hereinafter with reference to
the accompanying drawings, in which various embodiments
are shown. The subject matter of the present disclosure may,
however, be embodied in many different forms, and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the present disclosure to those skilled in
the art. Like reference numerals refer to like elements
throughout.

[0063] It will be understood that when an element such as
a layer, region or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may be present. In contrast, the term
“directly on” means that there are no intervening elements
between the element and the other element. As used herein,
the term “and/or” includes any and all combinations of one
or more of the associated listed items.

[0064] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” are intended to include the plural forms, including
“at least one,” unless the content clearly indicates otherwise.
“Or” means “and/or.” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/
or “including” when used in this specification, specify the
presence of stated features, regions, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, regions,
integers, steps, operations, elements, components, and/or
groups thereof.

[0065] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper” and the like, may be
used herein for ease of description to describe one element
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or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to
the orientation depicted in the figures. For example, if the
device in the figures 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. The device may be otherwise oriented
(rotated 90 degrees or at other orientations) and the spatially
relative descriptors used herein interpreted accordingly.
[0066] It will be understood that, although the terms first,
second, etc. may be used herein to describe various ele-
ments, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another region, layer or section. Thus, a first
element, component, region, layer or section discussed
below could be termed a second element, component,
region, layer or section without departing from the spirit and
scope of the present disclosure.

[0067] The terms “about” and “approximately,” as used
herein, are inclusive of the stated value and means within an
acceptable range of deviation for the particular value as
determined by one of ordinary skill in the art, considering
the measurement in question and the error associated with
measurement of the particular quantity (e.g., the limitations
of the measurement system).

[0068] Exemplary embodiments are described herein with
reference to cross-sectional illustrations and/or plane illus-
trations that may be idealized exemplary illustrations. In the
drawings, the thicknesses of layers and regions may be
exaggerated for clarity. Accordingly, variations from the
shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, may be
expected. Thus, the embodiments described herein should
not be construed as limited to the shapes of regions illus-
trated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, an
etching region illustrated as a rectangle may have rounded or
curved features. Thus, the regions illustrated in the figures
may be schematic in nature and their shapes are not neces-
sarily intended to illustrate the actual shape of a region of a
device and are not intended to limit the scope of the
embodiments described herein.

[0069] Hereinafter, exemplary embodiments of the present
disclosure will be described in more detail with reference to
the accompanying drawings.

[0070] FIG. 1A is an exploded perspective view illustrat-
ing an electronic apparatus according to an embodiment of
the present disclosure. FIG. 1B is a combined perspective
view illustrating the electronic apparatus of FIG. 1A. FIG.
1C is a perspective view illustrating a portion of the elec-
tronic apparatus of FIG. 1B. FIG. 1D is a circuit diagram of
a component of the electronic apparatus of FIG. 1A. Here-
inafter, an embodiment of the present disclosure will be
described with reference to FIGS. 1A-1D.

[0071] An electronic apparatus DD may include a display
panel DP, a circuit board DC, a conductive adhesive member
AF, and an optical member OPL. The display panel DP may
include a base substrate BS and may display an image
through a front surface FS of the base substrate BS. The
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front surface FS may be parallel (e.g., substantially parallel)
to a first direction D1 and a second direction D2 and may be
perpendicular (e.g., substantially perpendicular) to a third
direction D3. The front surface FS may include an active
area AA on which an image is displayed, and a peripheral
area PA adjacent to the active area AA. In the present
embodiment, the peripheral area PA may have a frame shape
that surrounds an edge of the active area AA. However,
embodiments of the present disclosure are not limited
thereto. In another embodiment, the peripheral area PA may
be adjacent to a portion of the edge of the active area AA.
[0072] The display panel DP may include a plurality of
pixels PX disposed on the active area AA. In the present
embodiment, each of the pixels PX may receive an electrical
signal to display or emit light forming an image. In FIG. 1A,
the pixels PX are illustrated to correspond to light emitting
areas displaying light, respectively. Thus, the pixels PX are
spaced apart from each other. However, embodiments of the
present disclosure are not limited thereto. In another
embodiment, some components of the pixels PX may over-
lap with each other when viewed in a plan view.

[0073] FIG. 1D schematically illustrates a circuit diagram
including a pixel PX and signal lines connected to the pixel
PX. One pixel PX may be connected to one gate line GL, one
data line DL, and one power line PL. Signal lines SL. may
include at least one selected from the gate line GL, the data
line DL, and the power line PL.

[0074] The gate line GL may extend in the first direction
DI. The gate line GL. may transmit a gate signal to the pixel
PX. The gate line GL. may be provided in plurality, and the
plurality of gate lines GL. may be spaced apart from each
other and may be arranged in the second direction D2. The
plurality of gate lines may sequentially provide gate signals
to the pixels arranged in the second direction D2.

[0075] The data line DL may be insulated from the gate
line GL and may intersect the gate line GL. In the present
embodiment, the data line DL may extend in the second
direction D2. The data line DL may transmit a data signal to
the pixel PX. The data line DL may be provided in plurality,
and the plurality of data lines DL may be spaced apart from
each other and may be arranged in the first direction D1.
[0076] The power line PL. may be insulated from the gate
line GL and the data line DL. In the present embodiment, the
power line PL. may extend in the second direction D2. The
power line PL. may transmit a first power source signal to the
pixel PX. The power line PL. may be provided in plurality,
and the plurality of power lines PL. may be spaced apart from
each other and may be arranged in the first direction D1.
[0077] The pixel PX may include a first transistor TR1, a
second transistor TR2, a capacitor CP, and a light emitting
element OLD. The first transistor TR1 may be turned-on by
the gate signal provided through the gate line GL. and may
provide the data signal provided through the data line DL to
the capacitor CP.

[0078] The capacitor CP may store a voltage correspond-
ing to a potential difference between the data signal and the
first power source signal provided from the power line PL.
The second transistor TR2 may be turned-on by the voltage
stored in the capacitor CP and may provide the first power
source signal provided from the power line PL to the light
emitting element OLD.

[0079] In the present embodiment, the light emitting ele-
ment OLD may be connected to a power source terminal
VSS and may receive a second power source signal from the
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power source terminal VSS. A potential of the second power
source signal may be different from a potential of the first
power source signal. The light emitting element OLD may
generate and emit light corresponding to a potential differ-
ence between the first power source signal provided from the
second transistor TR2 and the second power source signal
provided from the power source terminal VSS.

[0080] The circuit board DC may be disposed at one side
of the display panel DP and may be electrically connected to
the display panel DP. The circuit board DC may generate an
electrical signal and may provide the generated electrical
signal to the display panel DP, and/or the circuit board DC
may receive an electrical signal generated from the display
panel DP and may process the received electrical signal.
[0081] Electrical signals generated from the circuit board
DC may be provided to the pixels PX through the signal
lines SL of the display panel DP. The signal lines SL. may
include at least one selected from the power line PL, the gate
line GL, and the data line DL.

[0082] The circuit board DC may include a flexible film
CB and a driving circuit DV.

[0083] The flexible film CB may be adhered directly to the
display panel DP through the conductive adhesive member
AF. The flexible film CB may have flexibility. Thus, the
flexible film CB may be assembled with the display panel
DP in a state in which a portion of the flexible film CB is
bent toward a rear surface of the display panel DP.

[0084] The driving circuit DV may be mounted on the
flexible film CB. The driving circuit DV may be electrically
connected to the flexible film CB through circuit lines
included in the flexible film CB. The flexible film CB may
electrically connect the driving circuit DV to the display
panel DP, and the driving circuit DV may generate an
electrical signal provided to the display panel DP and/or may
process an electrical signal provided from the display panel
DP.

[0085] The driving circuit DV may include a gate driving
circuit for generating gate signals or a data driving circuit for
generating data signals. However, embodiments of the pres-
ent disclosure are not limited thereto. In certain embodi-
ments, the driving circuit DV may include various suitable
control circuits for generating and processing various con-
trol signals used to drive the display panel DP.

[0086] The conductive adhesive member AF may be dis-
posed between the circuit board DC and the display panel
DP to couple the circuit board DC and the display panel DP
to each other. The conductive adhesive member AF may
have both conductivity and adhesion. Thus, the conductive
adhesive member AF may physically and electrically couple
the circuit board DC and the display panel DP to each other.
The conductive adhesive member AF may include an aniso-
tropic conductive adhesive film (ACF).

[0087] The conductive adhesive member AF may extend
in a direction intersecting the signal lines SL. In the present
embodiment, the conductive adhesive member AF may have
a shape extending in the first direction D1 and having a
length in the first direction D1. In an embodiment, a portion
of the conductive adhesive member AF may protrude out-
side the flexible film CB. In other words, the length of the
conductive adhesive member AF in the first direction D1
may be equal to or greater than a width of the flexible film
CB in the first direction D1 on the display panel DP. Thus,
an end of the conductive adhesive member AF may be
aligned with a corner or edge of the flexible film CB, or a
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portion of the conductive adhesive member AF may be
exposed from the flexible film CB.

[0088] The optical member OPL may be disposed on the
display panel DP. The optical member OPL. may cover the
active area AA. The optical member OPL may be optically
transparent. Thus, an image IM displayed on the active area
AA may be transmitted through the optical member OPL.
The image IM displayed by the display panel DP may be
transmitted through the optical member OPL so as to be
displayed on a top surface of the optical member OPL, and
thus, a user may easily view the image IM.

[0089] The optical member OPL may further cover at least
aportion of the peripheral area PA. The optical member OPL
may reduce a reflectance of external light. The optical
member OPL may reduce an incidence rate of external light
on a front surface of the display panel DP and/or may reduce
a transmittance of reflected light when external light is
incident through the optical member OPL and then is
reflected from components of the display panel DP toward
the optical member OPL..

[0090] For example, the optical member OPL may include
at least one selected from of a polarizing film and a phase
retardation film. However, embodiments of the present dis-
closure are not limited thereto. In certain embodiments, the
optical member OPL. may include a color filter. In an
embodiment, the optical member OPL may be adhered to the
front surface of the display panel DP through an adhesive
member or may be formed directly on the front surface of
the display panel DP.

[0091] On the other hand, the display panel DP according
to the present embodiment may include a vernier mark VM.
The vernier mark VM may be disposed on the peripheral
area PA. The vernier mark VM may function as a reference
used to check or verity whether the conductive adhesive
member AF is aligned with pads PD in a plan view or not
and a degree of alignment of the conductive adhesive
member AF with the pads PD. The conductive adhesive
member AF may be disposed adjacent to the vernier mark
VM or may be disposed to overlap with a portion of the
vernier mark VM. The display panel DP may be connected
to the circuit board DC by electrical connection between the
circuit board DC and the pads PD connected to the signal
lines SL. The pads PD may exist on an area covered by the
circuit board DC. The alignment between the conductive
adhesive member AF and the pads PD may mean that
overlapping areas between the conductive adhesive member
AF and the pads PD in a plan view are great.

[0092] Connection between the circuit board DC and the
signal lines SI. may be made by the alignment between the
conductive adhesive member AF and the pads PD and
alignment between the circuit board DC and the conductive
adhesive member AF.

[0093] According to embodiments of the present disclo-
sure, the degree of the alignment between the conductive
adhesive member AF and the pads PD may be checked or
verified by a degree of adjacency/overlap between the
conductive adhesive member AF and the vernier mark VM.
Thus, the degree of the alignment between the conductive
adhesive member AF and the pads PD may be easily
checked or verified without an additional fine measuring
apparatus such as a vision camera or a scope.

[0094] FIG. 2A is an exploded plan view illustrating the
electronic apparatus of FIG. 1B, and FIG. 2B is a combined
plan view illustrating the electronic apparatus of FIG. 2A.

Nov. 17, 2022

FIG. 2C is a cross-sectional view taken along a line I-I' of
FIG. 2B. FIG. 3 is an enlarged plan view illustrating a
portion of the electronic apparatus of FIG. 2B. In FIG. 3, an
area on which the vernier mark VM exists is illustrated, a
base film BF of the circuit board DC is omitted, and the
conductive adhesive member AF is shaded. Hereinafter, an
embodiment of the present disclosure will be described with
reference to FIGS. 2A-2C and 3. In addition, the same
components as described with reference to FIGS. 1A-1D
will be indicated by the same reference designators, and the
descriptions thereto will be omitted for the purpose of ease
and convenience in description.

[0095] Asillustrated in FIG. 2A, the display panel DP may
include the base substrate BS, the pixels PX, the signal lines
SL, the pads PD, an alignment pad PD-A, a first alignment
mark AM1-P, a second alignment mark AM2-P, and the
vernier mark VM. The base substrate BS may be a substrate
including the active area AA and the peripheral area PA and
may be a base layer on which the pixels PX, the signal lines
SL, the pads PD, the alignment pad PD-A, the first align-
ment mark AM1-P, the second alignment mark AM2-P, and
the vernier mark VM are disposed. The base substrate BS
may have an insulating property.

[0096] In the present embodiment, some of the pixels PX,
some of the signal lines S, and some of the pads PD are
illustrated for the purpose of ease and convenience in
description and illustration. In FIGS. 2A-2B, the signal lines
SL may connect the pads PD to the pixels PX, respectively.
Thus, electrical signals received from the pads PD may be
transmitted to the pixels PX through the signal lines SL,
respectively. In the present embodiment, the pads PD may
extend in a direction inclined with respect to the first
direction D1 and the second direction D2.

[0097] The alignment pad PD-A may be spaced apart from
the pads PD in the first direction DI. The alignment pad
PD-A may have a shape corresponding to a shape of at least
one of the pads PD. The alignment pad PD-A may be a
floating pattern. Thus, even though the alignment pad PD-A
is connected to the circuit board DC or an electrical signal
is transmitted to the alignment pad PD-A, the electrical
signal may not be provided to the pixels PX. However,
embodiments of the present disclosure are not limited
thereto. In another embodiment, the alignment pad PD-A
may be an inspection pad used to inspect electrical charac-
teristics of the display panel DP. In this case, the alignment
pad PD-A may be electrically connected to at least one of the
pixels PX but may not be connected to the circuit board DC.
In an embodiment, the alignment pad PD-A may be omitted
from the display panel DP.

[0098] The first alignment mark AM1-P and the second
alignment mark AM2-P may be used as a reference for the
alignment between the display panel DP and the circuit
board DC. The first alignment mark AM1-P and the second
alignment mark AM2-P may be electrically insulated from
the pixels PX. In the present embodiment, the first alignment
mark AM1-P is adjacent to the alignment pad PD-A, and the
second alignment mark AM2-P is spaced apart from the
alignment pad PD-A. In addition, the first alignment mark
AM1-P and the second alignment mark AM2-P have differ-
ent shapes from each other. However, embodiments of the
present disclosure are not limited thereto. In certain embodi-
ments, the first alignment mark AM1-P and the second
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alignment mark AM2-P may be provided at various suitable
positions in the display panel DP and may have various
suitable shapes.

[0099] The vernier mark VM may be disposed on the
peripheral area PA and may be spaced apart from the pads
PD, the signal lines S, the alignment pad PD-A, the first
alignment mark AM1-P, and the second alignment mark
AM2-P when viewed in a plan view. In the present embodi-
ment, the vernier mark VM may be provided in plurality, and
the plurality of vernier marks VM may be spaced apart from
each other in the first direction D1 with the pads PD
interposed therebetween when viewed in the second direc-
tion D2. The vernier mark VM may be used as a reference
for the alignment between the conductive adhesive member
AF and the pads PD. For example, in the display panel DP
according to an embodiment of the present disclosure, an
adhesion area ADA on which the conductive adhesive
member AF is disposed may be defined such that a top end
of the adhesion area ADA meets a bottom end of the vernier
mark VM when viewed in a plan view. This will be
described herein below in more detail.

[0100] The flexible film CB may include a base film BF,
a plurality of interconnection lines SL-F, a plurality of leads
LD, an alignment lead LD-A, a third alignment mark
AM1-F, and a fourth alignment mark AM2-F. The base film
BF may have flexibility and may have an insulating prop-
erty. Thus, the flexible film CB may be bent in a state in
which it is coupled to the display panel DP.

[0101] The leads LD, the alignment lead L.D-A, the third
alignment mark AMI-F, and the fourth alignment mark
AM2-F may be disposed on one surface of the base film BF.
The leads LD may be connected to the display panel DP. The
leads LD may be spaced apart from each other in the first
direction D1 and may provide independent electrical signals
of each other. In the present embodiment, the leads LD may
extend in a direction inclined with respect to the first
direction D1 and the second direction D2. The leads LD may
have shapes substantially corresponding to those of the pads
PD.

[0102] The base film BF of the circuit board DC and/or the
base substrate BS of the display panel DP may be thermally
deformed by heat generated in a process of connecting the
circuit board DC and the display panel DP to each other.
Thus, in the process, a pitch of the pads PD and/or a pitch
of the leads LD may be changed differently from designed
values. However, according to embodiments of the present
disclosure, the leads LD and the pads PD may be designed
to have the shapes extending in the inclined direction. Thus,
even though the pitch of the leads LD and/or the pitch of the
pads PD is changed, alignment between the pads PD and the
leads LD may be easily corrected by moving a position of
the circuit board DC in the second direction D2.

[0103] The alignment lead LD-A may be spaced apart
from the leads LD when viewed in a plan view. The
alignment lead LD-A may be spaced apart from the leads LD
in the first direction DI. The alignment lead L.D-A may have
a shape corresponding to a shape of at least one of the leads
LD. The alignment lead LD-A may be a floating pattern.
Thus, even though the alignment lead L.D-A is connected to
the display panel DP or an electrical signal is transmitted to
the alignment lead LD-A, the electrical signal may not be
provided to the pixels PX. However, embodiments of the
present disclosure are not limited thereto. In another
embodiment, the alignment lead LD-A may be an inspection
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lead used to inspect electrical characteristics of the circuit
board DC. In an embodiment, the alignment lead LD-A may
be omitted from the circuit board DC.

[0104] The third alignment mark AM1-F and the fourth
alignment mark AM2-F may be used as a reference for the
alignment between the display panel DP and the circuit
board DC. The third alignment mark AM1-F and the fourth
alignment mark AM2-F may be electrically insulated from
the leads L.D. In the present embodiment, the third alignment
mark AM1-F may correspond to the first alignment mark
AMI1-P of the display panel DP, and the fourth alignment
mark AM2-F may correspond to the second alignment mark
AM2-P of the display panel DP. The third alignment mark
AM1-F and the fourth alignment mark AM2-F may be
aligned with the first alignment mark AM1-P and the second
alignment mark AM2-P of the display panel DP, respec-
tively, and thus, the circuit board DC may be easily aligned
with the display panel DP.

[0105] In the present embodiment, the third alignment
mark AM1-F and the fourth alignment mark AM2-F have
different shapes from each other. However, embodiments of
the present disclosure are not limited thereto. In certain
embodiments, the third alignment mark AM1-F and the
fourth alignment mark AM2-F may be provided at various
suitable positions in the circuit board DC and may have
various suitable shapes.

[0106] The interconnection lines SL-F may be disposed on
the one surface of the base film BF. One end of each of the
interconnection lines SL-F may be connected to each of the
leads LD. Another end of each of the interconnection lines
SL-F may be connected to the driving circuit DV (see FIG.
1A). Thus, electrical signals processed in the driving circuit
DV may be outputted to the leads LD through the intercon-
nection lines SL-F.

[0107] The conductive adhesive member AF and the flex-
ible film CB may be sequentially stacked on the pads PD
along an arrow direction illustrated in FIG. 2A. The con-
ductive adhesive member AF may be provided on the
adhesion area ADA of the display panel DP, and then, the
circuit board DC may be provided on the conductive adhe-
sive member AF in such a way that the first alignment mark
AM1-P and the second alignment mark AM2-P of the
display panel DP are aligned with the third alignment mark
AM1-F and the fourth alignment mark AM2-F of the circuit
board DC. Thereafter, the display panel DP and the circuit
board DC may be coupled to each other through the con-
ductive adhesive member AF. Referring to FIG. 2B and FIG.
3, the circuit board DC and the display panel DP may be
aligned with each other in such a way that the first and third
alignment marks AM1-P and AM1-F form a first alignment
pattern AM1 and the second and fourth alignment marks
AM2-P and AM2-F form a second alignment pattern AM2,
and then, the circuit board DC may be coupled to the display
panel DP.

[0108] The pads PD may overlap with the leads LD when
viewed in a plan view. In the present embodiment, the pads
PD are hatched to easily distinguish the pads PD from the
leads LD. Each of the pads PD may be coupled to a
corresponding one of the leads L.D. The pad PD and the lead
LD coupled in parallel to each other are illustrated as one
connection pattern PLD.

[0109] According to an embodiment of the present disclo-
sure, the leads LD and the pads PD may be designed such
that lengths of the leads LD in the second direction D2 are
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greater than lengths of the pads PD in the second direction
D2. Thus, even though the circuit board DC is moved with
respect to the display panel DP in the second direction D2
in a process tolerance, the circuit board DC and the display
panel DP may be stably connected to each other. However,
embodiments of the present disclosure are not limited
thereto. In other embodiments, the lengths of the leads LD
may be substantially equal to or less than the lengths of the
pads PD.

[0110] Referring to FIG. 2C, the leads LD may be con-
nected to the pads PD through the conductive adhesive
member AF. In the present embodiment, the pads PD dis-
posed on one surface of the base substrate BS and the leads
LD disposed on one surface of the base film BF are
illustrated for the purpose of ease and convenience in
description. However, embodiments of the present disclo-
sure are not limited thereto. In other embodiments, at least
one insulating layer may be disposed between the base
substrate BS and the pads PD, and/or at least one insulating
layer may be disposed between the base film BF and the
leads LD.

[0111] In the present embodiment, the conductive adhe-
sive member AF may have the length in the first direction D1
and a width in the second direction D2. The length of the
conductive adhesive member AF may be capable of cover-
ing the pads PD, the alignment pads PD-A, the first align-
ment pattern AM1, and the second alignment pattern AM2.
In addition, the width of the conductive adhesive member
AF may be capable of covering at least the pads PD. Thus,
the conductive adhesive member AF may fully cover at least
the pads PD. As a result, reliability of electrical connection
between the circuit board DC and the display panel DP may
be improved.

[0112] The conductive adhesive member AF may include
an adhesive layer AD and a plurality of conductive particles
CD. The conductive particles CD may be dispersed in the
adhesive layer AD. The leads LD may be disposed on the
pads PD, respectively. The leads LD may be physically
coupled to the pads PD through the adhesive layer AD. In
addition, the leads LD may be electrically coupled to the
pads PD through the conductive particles CD disposed
between the leads LD and the pads PD. In the present
embodiment, the leads LD may completely overlap with the
pads PD, respectively, when viewed in a cross-sectional
view. However, embodiments of the present disclosure are
not limited thereto. In certain embodiments, an area in which
leads partially non-overlap with corresponding pads may
exist by an error occurring in designing and/or vibration
occurring in the first direction D1 in a coupling or bonding
process.

[0113] The vernier mark VM and the conductive adhesive
member AF will be described in more detail with reference
to FIG. 2B and FIG. 3. According to an embodiment of the
present disclosure, a position of the conductive adhesive
member AF may be determined based on the vernier mark
VM. The vernier mark VM may be defined in an area which
has a rectangular shape having a transverse length LDD
measured in the first direction D1 and a longitudinal length
measured in the second direction D2. The vernier mark VM
may be spaced apart from the pads PD, the alignment pads
PD-A, the alignment marks AM1-P and AM2-P, and the
signal lines SL when viewed in a plan view. In other words,
in the present embodiment, the vernier mark VM may not
overlap with the pads PD, the alignment pads PD-A, the
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alignment marks AM1-P and AM2-P, and the signal lines SL.
when viewed in a plan view. Thus, the vernier mark VM may
be free from electrical interference with the pads PD, the
alignment pads PD-A, the alignment marks AM1-P and
AM2-P, and the signal lines SL., which are adjacent to the
vernier mark VM.

[0114] A shape of the vernier mark VM may be variously
modified or changed in an area spaced apart from adjacent
components. In the present embodiment, the vernier mark
VM may include a plurality of line patterns LP. Each of the
line patterns LP may have a line shape extending in parallel
(e.g., substantially parallel) to the first direction D1. The line
patterns LP may be spaced apart from each other in the
second direction D2 and may be arranged in the second
direction D2. For example, the line patterns LP may be
spaced apart from each other in the second direction D2 at
a uniform (e.g., substantially uniform) interval.

[0115] The line patterns LP may include a lowermost line
LP-L closest to the pads PD and an uppermost line LP-U
furthest from the pads PD when viewed in a plan view.
[0116] The lowermost line LP-I. may extend along a first
imaginary line VLL1. The lowermost line LP-L. may overlap
with the first imaginary line VL1 in a plan view. The
lowermost line LP-L. may be one of the line patterns LP,
which is closest to the conductive adhesive member AF. The
first imaginary line VL1 may extend in parallel to (e.g.,
substantially parallel) the first direction DI. The first imagi-
nary line VL1 may meet top ends of the pads PD in a plan
view. In other words, in the present embodiment, the low-
ermost line L.P-L. of the line patterns LP may be substantially
aligned with the top ends of the pads PD along a single
common imaginary line (e.g., the first imaginary line VL1).
[0117] Thus, when the conductive adhesive member AF is
located to be in contact with a bottom end of the vernier
mark VM, it may be evaluated that the conductive adhesive
member AF is disposed at a position stably overlapping with
at least the pads PD. As the position of the conductive
adhesive member AF moves upward from the bottom end of
the vernier mark VM along the second direction D2 in a plan
view, a separation distance between a top side of the
conductive adhesive member AF and the top ends of the
pads PD may increase. If the separation distance is increased
beyond a set or predetermined range, overlapping areas
between the conductive adhesive member AF and the pads
PD may be reduced to cause misalignment of the conductive
adhesive member AF. Thus, connection failure between the
conductive adhesive member AF and the pads PD may be
easily caused. However, according to embodiments of the
present disclosure, because the display panel DP further
includes the vernier mark VM aligned along a second
imaginary line VL2, it is possible to easily determine or
check whether the conductive adhesive member AF is
misaligned with the pads PD.

[0118] Ends EGP of the line patterns LP may be aligned
along the second imaginary line VL.2. The ends EGP of the
line patterns LP may be ends closest to the pads PD. The
second imaginary line VL2 may extend parallel (e.g., sub-
stantially parallel) to the second direction D2. The second
imaginary line VL2 may meet an end of the first alignment
mark AM1-P. In other words, in the present embodiment, the
ends EGP of the line patterns LP may be substantially
aligned with the end of the first alignment mark AM1-P
along one common imaginary line (e.g., the second imagi-
nary line VL2).
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[0119] The transverse length LDD of the vernier mark VM
may be defined as a length of each of the line patterns LP,
and the longitudinal length WD of the vernier mark VM may
correspond to a distance between the uppermost line LP-U
and the lowermost line LP-L of the line patterns LP. In more
detail, the longitudinal length WD of the vernier mark VM
may correspond to a length between a point of the second
imaginary line VL2 overlapping with the uppermost line
LP-U and a point of the second imaginary line VL.2 over-
lapping with the lowermost line LP-L.

[0120] In the present embodiment, the transverse length
LDD may be a length which allows the conductive adhesive
member AF to overlap with the vernier mark VM when
viewed in the second direction D2. For example, the trans-
verse length LDD of the vernier mark VM may be about
1200 um. However, embodiments of the present disclosure
are not limited thereto. In other embodiments, the transverse
length LDD of the vernier mark VM may be variously
designed depending on the position of the vernier mark VM
and/or the length of the conductive adhesive member AF in
the first direction D1.

[0121] According to an embodiment of the present disclo-
sure, the separation distance from the top ends of the pads
PD to a top end (e.g., the top side) of the conductive
adhesive member AF (e.g., a misalignment degree of the
conductive adhesive member AF with respect to the pads
PD) may be measured in a range of the longitudinal length
WD of the vernier mark VM. Thus, as the longitudinal
length WD of 225137 the vernier mark VM increases, a
range of the misalignment degree of the conductive adhesive
member AF which can be determined or checked may be
increased. The longitudinal length WD of the vernier mark
VM may be equal to or greater than an allowable misalign-
ment range.

[0122] For example, when the misalignment degree of the
conductive adhesive member AF (e.g., the separation dis-
tance between the top end of the conductive adhesive
member AF and the top ends of the pads PD) is about 100
pum or less in a good product according to an embodiment of
the present disclosure, the longitudinal length WD of the
vernier mark VM may be designed to be about 100 pm or
more. In this case, whether the alignment degree of the
conductive adhesive member AF is good may be easily
determined or checked by checking whether the top end of
the conductive adhesive member AF is beyond the top end
(e.g., the uppermost line LP-U) of the vernier mark VM, and
thus, a process time may be reduced.

[0123] On the other hand, as the longitudinal length WD
of the vernier mark VM increases, a possibility that the
vernier mark VM interferes with the signal lines SL or the
first alignment mark AMI1-P adjacent thereto may be
increased. On the contrary, as the transverse length LDD of
the vernier mark VM decreases, the number of the line
patterns LP may be reduced or distances between the line
patterns LP may be reduced. As the number of the line
patterns LP is reduced, it may be difficult to check or
determine a fine difference of the alignment degree. As the
distances between the line patterns LP are reduced, read-
ability of determination or check by the naked eye may be
difficult. As used herein, the term “naked eye” refers to a
human eye (or human vision) that is not assisted by a
magnification device or apparatus, other than typical pre-
scription eyeglasses.
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[0124] According to embodiments of the present disclo-
sure, the vernier mark VM may be designed to have a
sufficient size capable of securing a sufficient number of the
line patterns LP without causing interference with adjacent
components and/or of maintaining distances between the
line patterns LP which can easily determine or check the
alignment. For example, the longitudinal length WD of the
vernier mark VM according to an embodiment of the present
disclosure may be about 450 pm.

[0125] However, embodiments of the present disclosure
are not limited thereto. The vernier mark VM may be
variously designed as long as it does not interfere with
adjacent signal lines and has a position and a size which are
capable of determining or checking the misalignment degree
of'the conductive adhesive member AF. For example, the top
ends of the pads PD may not overlap with the lowermost line
LP-L in the first direction D1. In this case, the conductive
adhesive member AF may be disposed to overlap with a
portion of the vernier mark VM when viewed in a plan view.
[0126] In an embodiment, a width of each of the line
patterns LP and the distance between the line patterns LP
may be variously designed. Thus, a pitch of the line patterns
LP may be variously designed. As described above, as the
pitch of the line patterns LP increases, the vernier mark VM
may be easily observed by the naked eye in a process. Thus,
the alignment degree of the conductive adhesive member AF
may be checked or determined in real time through an
inspection by the naked eye (e.g., an visual inspection), and
thus, a process may be simplified and a process time may be
reduced.

[0127] In an embodiment, as the pitch of the line patterns
LP decreases, the number of the line patterns LP of the
vernier mark VM in the same area may be increased. Thus,
it is possible to evaluate a fine alignment degree as well as
whether the conductive adhesive member AF is aligned or
not. As a result, process reliability may be improved. In an
embodiment, even though it is somewhat difficult to check
or determine the alignment degree with the naked eye, the
line patterns L.P may be designed to have a pitch which can
be viewed by a microscope such as a small loupe.

[0128] As used herein, the term “loupe” or “small loupe”
refers to a magnification device or apparatus, including but
not limited to a magnifying glass and eyeglasses.

[0129] In the vernier mark VM according to an embodi-
ment of the present disclosure, each of the line patterns LP
may have a width of about 3 pm and a distance between the
line patterns LP may be about 50 um. This pitch may be
checked or determined with the naked eye. In addition,
designed distances between the line patterns LP of the
vernier mark VM may be equal to each other. Thus, the
alignment degree of the conductive adhesive member AF
may be easily quantitatively checked by checking the num-
ber of the line patterns LP overlapping with the conductive
adhesive member AF. However, embodiments of the present
disclosure are not limited thereto. In other embodiments, the
vernier mark VM may include the line patterns LP having a
finer pitch or may include the line patterns LP arranged at
different distances.

[0130] According to an embodiment of the present disclo-
sure, the alignment degree of the conductive adhesive mem-
ber AF may be determined depending on the number of line
patterns, overlapping with the conductive adhesive member
AF, of the line patterns LP of the vernier mark VM.
According to an embodiment of the present disclosure, the
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position and/or the size of the vernier mark VM may be
variously designed under the condition that the vernier mark
VM checks or determines the alignment degree of the
conductive adhesive member AF as well as whether the
conductive adhesive member AF is aligned or not.

[0131] The vernier mark VM according to an embodiment
of the present disclosure may include a conductive material
or a semiconductor material. For example, the vernier mark
VM may include a metal, a metal oxide, or a semiconductor
material. In more detail, the vernier mark VM may include
a material of which a reflectance or refractive index is
different from that of an insulating layer or the base substrate
BS. Thus, the vernier mark VM may be easily distinguished
from an adjacent area through a loupe or the naked eye.
[0132] In the present embodiment, the circuit board DC
may partially overlap with the vernier mark VM. However,
embodiments of the present disclosure are not limited
thereto. In other embodiments, the circuit board DC may be
disposed at a position not overlapping with the vernier mark
VM in a plan view or may have a size not overlapping with
the vernier mark VM in a plan view.

[0133] At least a portion of the conductive adhesive mem-
ber AF may protrude from the circuit board DC in the first
direction D1 or a direction opposite to the first direction D1
when viewed in a plan view. This may be because the length
of the conductive adhesive member AF in the first direction
D1 is greater than the width of the circuit board DC in the
first direction D1. The conductive adhesive member AF may
have the length capable of overlapping with the vernier mark
VM when viewed in the second direction D2. According to
embodiments of the present disclosure, the alignment degree
of the conductive adhesive member AF may be easily
checked by the vernier mark VM not covered by the circuit
board DC.

[0134] In an embodiment, the conductive adhesive mem-
ber AF may be fully covered by the circuit board DC in a
plan view. In this case, the vernier mark VM may be shifted
from the illustrated position in the first direction D1 or the
opposite direction so as to be closer to the signal lines SL,
and thus, the vernier mark VM may be defined at a position
overlapping with one or some of the pads PD when viewed
in the second direction D2. The electronic apparatus accord-
ing to an embodiment of the present disclosure may include
the conductive adhesive member AF of which the shape and
the size are variously modified under the condition that the
alignment degree of the conductive adhesive member AF is
checked or determined using the vernier mark VM.

[0135] FIG. 4 is a cross-sectional view schematically
illustrating a portion of an electronic apparatus according to
an embodiment of the present disclosure. FIGS. 5A-5C are
cross-sectional views schematically illustrating portions of
electronic apparatuses according to some embodiments of
the present disclosure. FIG. 4 illustrates a portion of the
pixel PX and an area taken along a line II-II' of FIG. 3 for
the purpose of ease and convenience in description and
illustration. FIGS. 5A-5C illustrate areas corresponding to
FIG. 4. Hereinafter, embodiments of the present disclosure
will be described with reference to FIGS. 4-5C. In addition,
the same components as described with reference to FIGS.
1A-3 will be indicated by the same reference designators,
and the descriptions thereto will be omitted for the purpose
of ease and convenience in description.

[0136] As illustrated in FIG. 4, the display panel DP may
include the base substrate BS, a pixel layer PXL, and an
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encapsulation layer TFE. As described above, the base
substrate BS may be a base layer on which the pixel PX and
the vernier mark VM are disposed. The base substrate BS
may have an insulating property. For example, the base
substrate BS may include a resin substrate or a glass
substrate.

[0137] The pixel layer PXL may be disposed on the base
substrate BS. The pixel layer PXL may include the pixel PX
and a plurality of insulating layers BL, 10, 20, 30 and 40.
The insulating layers BL, 10, 20, 30 and 40 may include a
base layer BL,, a first insulating layer 10, a second insulating
layer 20, a third insulating layer 30, and a fourth insulating
layer 40. In the present embodiment, the second transistor
TR2 (hereinafter, referred to as a thin film transistor) and the
light emitting element OLD which are some of the compo-
nents of the pixel PX of FIG. 1D are illustrated as an
example.

[0138] The thin film transistor TR2 may be disposed on
the base substrate BS. The thin film transistor TR2 may
include a semiconductor pattern SP, an input electrode IE, an
output electrode OE, and a control electrode CE. In the
present embodiment, the base layer BL. may be disposed
between the semiconductor pattern SP and the base substrate
BS. The base layer BL. may include a single insulating layer
or a plurality of insulating layers. For example, the base
layer BL. may include at least one selected from of a buffer
layer and a barrier layer. Thus, the thin film transistor TR2
may be stably formed on the base substrate BS, and perme-
ation of oxygen or moisture provided through the base
substrate BS into the pixel PX may be prevented or reduced
by the base layer BL.

[0139] The control electrode CE may be spaced apart from
the semiconductor pattern SP with the first insulating layer
10 interposed therebetween. The input electrode IE and the
output electrode OF may be spaced apart from the control
electrode CE with the second insulating layer 20 interposed
therebetween. The input electrode IE and the output elec-
trode OE may penetrate the first insulating layer 10 and the
second insulating layer 20 so as to be connected to one side
portion and another side portion of the semiconductor pat-
tern SP, respectively.

[0140] According to other embodiments, in the thin film
element TR2, the control electrode CE may be disposed
under the semiconductor pattern SP, and/or the input elec-
trode IE and the output electrode OE may be disposed under
the semiconductor pattern SP or may be disposed on the
same layer as the semiconductor pattern SP so as to be
connected directly to the semiconductor pattern SP. The thin
film transistor TR2 according to the present disclosure may
have any one of various suitable structures and may not be
limited to a specific embodiment.

[0141] The light emitting element OLD may be disposed
on the third insulating layer 30. The light emitting element
OLD may include a first electrode E1, an emission layer EL
and a second electrode E2, which are sequentially stacked in
the third direction D3.

[0142] The first electrode El may penetrate the third
insulating layer 30 so as to be connected to the thin film
transistor TR2. In some embodiments, a connection elec-
trode may be additionally disposed between the first elec-
trode E1 and the thin film transistor TR2. In this case, the
first electrode E1 may be electrically connected to the thin
film transistor TR2 through the connection electrode.
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[0143] The fourth insulating layer 40 may be disposed on
the third insulating layer 30. An opening may be defined in
the fourth insulating layer 40. The opening may expose at
least a portion of the first electrode E1. The fourth insulating
layer 40 may be a pixel defining layer.

[0144] The emission layer ELL may be disposed on the first
electrode E1. The emission layer EL. may include a light
emitting material. For example, the emission layer EL. may
include at least one selected from of materials emitting red
light, green light and blue light. In an embodiment, the
emission layer EL. may include a fluorescent material or a
phosphorescent material. In certain embodiments, the emis-
sion layer EL. may include an organic light emitting material
or an inorganic light emitting material such as quantum dots.
The emission layer ELL may emit light in response to a
potential difference between the first electrode E1 and the
second electrode E2.

[0145] The second electrode E2 may be disposed on the
emission layer EL. The second electrode E2 may be opposite
to the first electrode E1. The second electrode E2 may be
connected to the power source terminal VSS of FIG. 1D.
The light emitting element OLD may receive the second
power source signal through the second electrode E2.

[0146] The second electrode E2 may include a transparent
conductive material or a semi-transparent conductive mate-
rial. Thus, light generated from the emission layer EL may
easily exit in the third direction D3 through the second
electrode E2. However, embodiments of the present disclo-
sure are not limited thereto. In another embodiment, the first
electrode E1 may include a transparent or semi-transparent
conductive material, and the light emitting element OLD
may be driven in a rear surface light emitting type (or kind).
In still another embodiment, the light emitting element OLD
may be driven in a both surface light emitting type (or kind)
in which light exits through a front surface and a rear
surface.

[0147] In some embodiments, the light emitting element
OLD may further include at least one organic layer or at least
one inorganic layer disposed between the emission layer EL.
and the first electrode E1 and/or between the emission layer
EL and the second electrode E2. The organic layer or the
inorganic layer may control movement of charges flowing
from the first electrode E1 and the second electrode E2 into
the emission layer EL to improve light efficiency and life
span of the light emitting element OLD.

[0148] The encapsulation layer TFE may be disposed on
the light emitting element OLD to encapsulate the light
emitting element OLD. In some embodiments, a capping
layer covering the second electrode E2 may be disposed
between the second electrode E2 and the encapsulation layer
TFE.

[0149] The encapsulation layer TFE may include a first
inorganic layer IOL1, an organic layer OL and a second
inorganic layer IOL2, which are sequentially stacked in the
third direction D3. However, embodiments of the present
disclosure are not limited thereto. In another embodiment,
the encapsulation layer TFE may further include a plurality
of inorganic layers and/or a plurality of organic layers.

[0150] The first inorganic layer IOL1 may cover the
second electrode E2. Permeation of external moisture and/or
oxygen into the light emitting element OLD may be pre-
vented or reduced by the first inorganic layer IOL1. For
example, the first inorganic layer IOL1 may include silicon
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nitride, silicon oxide, silicon oxynitride, or a combination
thereof. The first inorganic layer IOL.1 may be formed by a
deposition process.

[0151] The organic layer OL may be disposed on the first
inorganic layer IOL1 and may be in contact with the first
inorganic layer IOL1. The organic layer OL may be planar-
ized on the first inorganic layer IOL1. The organic layer OL
may cover a bent portion of a top surface of the first
inorganic layer IOL1 and/or a particle existing on the first
inorganic layer IOL1, and thus, the influence of the bent
portion and/or the particle on components formed on the
organic layer OL may be blocked by the organic layer OL.
In addition, the organic layer OL may relax or release stress
between layers being in contact with the organic layer OL.
The organic layer OL. may include an organic material and
may be formed by a solution process such as a spin coating
process, a slit coating process, and/or an inkjet process.
[0152] The second inorganic layer IOL2 may be disposed
on the organic layer OL to cover the organic layer OL. The
second inorganic layer IOL2 may be stably formed on a top
surface of the organic layer OL, which is relatively flat as
compared with the top surface of the first inorganic layer
IOL1. The second inorganic layer IOL2 may encapsulate
moisture outputted from the organic layer OL such that the
escape of moisture to the outside may be prevented or
reduced. For example, the second inorganic layer 1012 may
include silicon nitride, silicon oxide, silicon oxynitride, or a
combination thereof. The second inorganic layer IOL2 may
be formed by a deposition process.

[0153] Insomeembodiments, the encapsulation layer TFE
may include a glass substrate. In this case, the encapsulation
layer TFE may be coupled to the base substrate BS by a frit
seal. In certain embodiments, the encapsulation layer TFE
may have at least one of other various suitable shapes
encapsulating the light emitting element OLD.

[0154] In some embodiments, an input sensing unit
including a plurality of sensor patterns may be disposed on
the encapsulation layer TFE. In this case, the optical member
OPL and an adhesive layer ADL may be disposed on the
input sensing unit.

[0155] The optical member OPL. may be disposed on the
display panel DP. In some embodiments, the electronic
apparatus DD according to an embodiment of the present
disclosure may further include an adhesive layer ADL. The
adhesive layer ADL may be disposed between the display
panel DP and the optical member OPL to physically couple
the optical member OPL to the display panel DP. For
example, the adhesive layer ADL may include an optical
clear adhesive (OCA), an optical clear resin (OCR), or a
pressure sensitive adhesive (PSA).

[0156] In the present embodiment, the peripheral area PA
may be exposed from the optical member OPL and the
adhesive layer ADL. The optical member OPL and the
adhesive layer ADL may not cover the vernier mark VM.
[0157] In the present embodiment, the area on which the
vernier mark VM is disposed may be covered by the
insulating layers BL, 10, 20, 30 and 40 and may be exposed
from the encapsulation layer TFE. However, embodiments
of the present disclosure are not limited thereto. In another
embodiment, at least a portion of the encapsulation layer
TFE may extend to overlap with the vernier mark VM.
Alternatively, at least one selected from the second to fourth
insulating layers 20, 30 and 40 may be omitted on the vernier
mark VM not to overlap with the vernier mark VM. In
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certain embodiments, the stack structure on the peripheral
area PA may be variously modified.

[0158] As the number of the layers covering the vernier
mark VM decreases, it may be relatively easy to check the
vernier mark VM with the naked eye. As the number of the
layers covering the vernier mark VM increases, damage to
the vernier mark VM in a process may be prevented or
reduced and/or generation of static electricity by an adjacent
component may be prevented or reduced. Thus, reliability in
the process may be improved. In some embodiments, the
vernier mark VM may be disposed at various suitable
positions in a range in which it can be checked or identified
from the outside for aligning the conductive adhesive mem-
ber AF and its stability in a process is secured.

[0159] In the present embodiment, the line patterns LP of
the vernier mark VM may be disposed on the same layer. For
example, the uppermost line LP-U and the lowermost line
LP-L of the line patterns L.P may be disposed on the same
layer. Thus, the vernier mark VM may be formed by a single
patterning process.

[0160] In the present embodiment, the vernier mark VM
may be disposed on the same layer as the control electrode
CE. Thus, the vernier mark VM may be disposed between
the first insulating layer 10 and the second insulating layer
20. The vernier mark VM may be formed of the same
material as the control electrode CE. For example, the
vernier mark VM may be formed of a conductive material.
Thus, the vernier mark VM may be formed concurrently
(e.g., simultaneously) with the control electrode CE by using
a single mask in a process of forming the control electrode
CE. As aresult, the vernier mark VM may be formed without
an additional process, and thus, manufacturing processes
may be simplified and a process cost may be reduced.
[0161] In another embodiment, a vernier mark VM-1 may
be disposed on the same layer as the input electrode IE and
the output electrode OFE, as illustrated in FIG. 5A. Thus, the
vernier mark VM-1 may be disposed between the second
insulating layer 20 and the third insulating layer 30.
[0162] In this case, the vernier mark VM-1 may be formed
of the same material as the input electrode IE and the output
electrode OE. Thus, the vernier mark VM-1 may be formed
concurrently (e.g., simultaneously) with the input and output
electrodes IE and OE by using a single mask in a process of
forming the input and output electrodes IE and OE. As a
result, the vernier mark VM-1 may be formed without an
additional process, and thus, manufacturing processes may
be simplified and a process cost may be reduced.

[0163] In still another embodiment, a vernier mark VM-2
may be disposed on the same layer as the first electrode E1,
as illustrated in FIG. 5B. Thus, the vernier mark VM-2 may
be disposed between the third insulating layer 30 and the
fourth insulating layer 40. In this case, the vernier mark
VM-2 may be formed of the same material as the first
electrode E1. Thus, the vernier mark VM-2 may be formed
concurrently (e.g., simultaneously) with the first electrode El
by using a single mask in a process of forming the first
electrode E1. As a result, the vernier mark VM-2 may be
formed without an additional process, and thus, manufac-
turing processes may be simplified and a process cost may
be reduced.

[0164] In yet another embodiment, a vernier mark VM-3
may be disposed on the same layer as the semiconductor
pattern SP, as illustrated in FIG. 5C. Thus, the vernier mark
VM-3 may be disposed between the base layer BL and the
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first insulating layer 10. In this case, the vernier mark VM-3
may be formed of the same material as the semiconductor
pattern SP. Thus, the vernier mark VM may be formed
concurrently (e.g., simultaneously) with the semiconductor
pattern SP by using a single mask in a process of forming the
semiconductor pattern SP. As a result, the vernier mark
VM-3 may be formed without an additional process, and
thus, manufacturing processes may be simplified and a
process cost may be reduced.

[0165] FIGS. 6 A-6D are plan views illustrating portions of
electronic apparatuses according to some embodiments of
the present disclosure. FIGS. 6A-6D illustrate areas corre-
sponding to the area of FIG. 3 for the purpose of ease and
convenience in description. Except for vernier marks VM1,
VM2, VM3 and VM4, other components of electronic
apparatuses DD1, DD2, DD3 and DD4 of FIGS. 6 A-6D may
be substantially the same as corresponding components of
the electronic apparatus DD of FIG. 3.

[0166] Each of the vernier marks VM1, VM2, VM3 and
VM4 in FIGS. 6A-6D may have the same transverse length
LDD and longitudinal length WD as the vernier mark VM
in FIG. 3. However, the vernier marks VM1, VM2, VM3 and
VM4 in FIGS. 6A-6D may have different shapes in a plan
view. Hereinafter, the same components as in the above
embodiments will be indicated by the same reference des-
ignators, and the descriptions thereto will be omitted for the
purpose of ease and convenience in description.

[0167] As illustrated in FIG. 6A, the vernier mark VM1
may include a plurality of line patterns LP1, a plurality of
horizontal patterns LP-S, and a vertical pattern LP-V when
viewed in a plan view. The line patterns [L.LP1 may include an
uppermost line LP1-U and a lowermost line LP1-L. when
viewed in a plan view. The uppermost line LP1-U and the
lowermost line LP1-L may correspond to the uppermost line
LP-U and the lowermost line LP-L of FIG. 3, respectively,
and thus, duplicative descriptions thereof will not be
repeated here.

[0168] Each of the horizontal patterns LP-S may have a
line shape extending in the first direction D1. A length of
each of the horizontal patterns LP-S in the first direction D1
may be less than a length of each of the line patterns LP1 in
the first direction D1. In other words, the length of each of
the horizontal patterns L.P-S in the first direction D1 may be
shorter than the transverse length LDD of the vernier mark
VM.

[0169] The horizontal patterns LP-S may be spaced apart
from each other in the second direction D2 and may be
arranged in the second direction D2. The horizontal patterns
LP-S may be disposed between the line patterns LP1. The
horizontal patterns LP-S and the line patterns LP1 may be
alternately arranged in the second direction D2. Because the
line patterns LLP1 and the horizontal patterns LP-S having
the lengths different from those of the line patterns LP1 are
alternately arranged, the horizontal patterns LP-S may be
easily distinguished from the line patterns [LP1. When the
conductive adhesive member AF overlaps with the vernier
mark VM1, misalignment and a misalignment degree of the
conductive adhesive member AF may be easily checked by
one(s) of the horizontal patterns LP-S and the line patterns
LP1, which overlap(s) with the conductive adhesive member
AF.

[0170] In some embodiments, the vernier mark VM1 may
also include the vertical pattern LP-V. The vertical pattern
LP-V may extend in the second direction D2. The vertical
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pattern LP-V may intersect the line patterns LP1 and the
horizontal patterns LP-S and may be connected to the line
patterns LP1 and the horizontal patterns LP-S. The vertical
pattern LP-V may be disposed at centers of the line patterns
LP1. Thus, the vertical pattern LP-V may be disposed at a
center of the transverse length LDD of the vernier mark
VM.

[0171] Because the vernier mark VM1 further includes the
vertical pattern LP-V, an alignment degree of the conductive
adhesive member AF in the first direction D1 may be easily
checked. As a result, the misalignment degrees of the
conductive adhesive member AF in various directions (e.g.,
the first direction D1 and the second direction D2) may be
easily checked, and thus, the conductive adhesive member
AF may be accurately aligned.

[0172] As illustrated in FIG. 6B, the vernier mark VM2
may include a plurality of line patterns L.LP2-H and a plurality
of vertical patterns L.LP2-V. The line patterns L.LP2-H may be
spaced apart from each other in the second direction D2 and
may be arranged in the second direction D2. Each of the line
patterns L.P2-H may extend in the first direction D1. The
vertical patterns LP2-V may be spaced apart from each other
in the first direction D1 and may be arranged in the first
direction D1. Each of the vertical patterns LP2-V may
extend in the second direction D2.

[0173] The line patterns LP2-H may intersect the vertical
patterns LLP2-V when viewed in a plan view. The line
patterns LP2-H may be connected to the vertical patterns
LP2-V. The vernier mark VM2 may have a substantial mesh
shape.

[0174] Because the vernier mark VM2 has the mesh shape
including the line patterns [L.P2-H parallel (e.g., substantially
parallel) to the first direction D1 and the vertical patterns
LP2-V parallel (e.g., substantially parallel) to the second
direction D2, the alignment degree of the conductive adhe-
sive member AF may be easily checked in the first direction
D1 and the second direction D2. Thus, a position of the
conductive adhesive member AF may be easily corrected in
the first direction D1 and the second direction D2. As a
result, misalignment and misalignment degree of the con-
ductive adhesive member AF may be accurately determined
and corrected and may be easily checked with the naked eye
through the vernier mark VM2. Thus, reliability in a process
may be improved and a process time may be reduced.

[0175] As illustrated in FIG. 6C, the vernier mark VM3
may include a plurality of pattern groups PTG spaced apart
from each other in the first direction D1. In the present
embodiment, the vernier mark VM3 includes three pattern
groups PTG. Each of the pattern groups PTG may include a
plurality of line patterns [LP3-H and a plurality of vertical
patterns LP3-V.

[0176] The line patterns LP3-H may extend in the first
direction D1 and may be arranged in the second direction
D2. Each of the vertical patterns [.LP3-V may extend in the
second direction D2.

[0177] Each of the vertical patterns LP3-V may be dis-
posed between two line patterns LP3-H adjacent to each
other to connect the two line patterns LP3-H. In addition, the
vertical patterns L.P3-V may be discontinuously arranged in
the second direction D2. In other words, the vertical patterns
LP3-V may be arranged in a zigzag form in the second
direction D2. Thus, each of the pattern groups PTG may
have a bent line shape which extends in the second direction
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D2 while reciprocating in the first direction D1 and the
opposite direction to the first direction D1.

[0178] As illustrated in FIG. 6D, the vernier mark VM4
may include a plurality of pattern groups PTG-1 spaced
apart from each other in the first direction D1. In the present
embodiment, the vernier mark VM4 includes seven pattern
groups PTG-1. Each of the pattern groups PTG-1 may
include a plurality of patterns LP41, .LP42, [.P43, 1.P44 and
LP45. Each of the patterns [.P41, [.P42, [.P43, [.P44 and
LP45 may have an Arabic numeral shape.

[0179] Forexample, the patterns LP41, L.P42, 1.P43, 1.P44
and L.P45 may include a first pattern L.P41 having a numeral
‘10° shape, a second pattern [.LP42 having a numeral ‘20’
shape, a third pattern L.P43 having a numeral ‘30’ shape, a
fourth pattern L.P44 having a numeral ‘40’ shape, and a fifth
pattern P45 having a numeral ‘50’ shape. The first to fifth
patterns [L.P41, [.P42, P43, 1.P44 and [.P45 may be sequen-
tially arranged in the second direction D2. According to the
present embodiment, because the numeral-shaped patterns
LP41, LP42, 1.P43, LP44 and LP45 are used as the vernier
mark VM4, the misalignment and the misalignment degree
of the conductive adhesive member AF may be easily
checked with the naked eye. Thus, the manufacturing pro-
cesses may be simplified and the process cost may be
reduced.

[0180] FIGS. 7A-7B are cross-sectional views illustrating
portions of electronic apparatuses according to some
embodiments of the present disclosure. FIGS. 7A-7B illus-
trate a portion of the active area AA and an area taken along
a line II-III' of FIG. 6A for the purpose of ease and
convenience in description. FIGS. 7A-7B illustrate embodi-
ments distinguished from each other. Hereinafter, embodi-
ments of the present disclosure will be described with
reference to FIGS. 7A-7B. In addition, the same components
as described with reference to FIGS. 1A-6D will be indi-
cated by the same reference designators, and the descriptions
thereto will be omitted for the purpose of ease and conve-
nience in description.

[0181] As illustrated in FIG. 7A, the vernier mark VM1
may be formed of a single layer. In the present embodiment,
the vernier mark VM1 may be disposed between the first
insulating layer 10 and the second insulating layer 20. Thus,
the line patterns LP1 (see FIG. 6A), the horizontal patterns
LP-S (see FIG. 6A) and the vertical pattern LP-V (see FIG.
6A) of the vernier mark VM1 may have a single unitary
body shape disposed on the same layer.

[0182] Alternatively, as illustrated in FIG. 7B, a vernier
mark VM1-A may include stack patterns disposed on dif-
ferent layers from each other. In the present embodiment, the
vernier mark VM1-A may include the vertical pattern LP-V
disposed between the first insulating layer 10 and the second
insulating layer 20, and the line patterns LP1 and the
horizontal patterns LP-S disposed between the second and
third insulating layers 20 and 30. The line patterns L.P1 and
the horizontal patterns LP-S may be disposed on the same
layer.

[0183] The vertical pattern LP-V may be disposed on the
layer different from the layer on which the line patterns L.P1
and the horizontal patterns LP-S are disposed, and the
second insulating layer 20 may be disposed between the
vertical pattern LP-V and the line and horizontal patterns
LP1 and LP-S. In this case, the line patterns LP1 and the
horizontal patterns [.P-S may penetrate the second insulating
layer 20 so as to be connected to the vertical pattern LP-V.
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Thus, occurrence of static electricity from parasitic capaci-
tances between the patterns LP1, LP-S and LP-V may be
prevented or reduced. As a result, electrical reliability of the
electronic apparatus may be improved.

[0184] According to embodiments of the present disclo-
sure, the vernier mark VM1 or VM1-A may have at least one
of various suitable structures including the single-layered
structure and the stack structure.

[0185] FIG. 8A is an exploded plan view illustrating an
electronic apparatus according to an embodiment of the
present disclosure, and FIG. 8B is a combined plan view
illustrating an electronic apparatus according to an embodi-
ment of the present disclosure. FIGS. 8A-8B illustrate areas
corresponding to FIGS. 2A-2B for the purpose of ease and
convenience in description. Hereinafter, an embodiment of
the present disclosure will be described with reference to
FIGS. 8A-8B. In addition, the same components as
described with reference to FIGS. 1A-7B will be indicated
by the same reference designators, and the descriptions
thereto will be omitted for the purpose of ease and conve-
nience in description.

[0186] As illustrated in FIGS. 8A-8B, a display panel
DP-1 may include a first pad group PG1 and a second pad
group PG2 separated from each other in the second direction
D2. The first pad group PG1 may include a plurality of first
pads PD1 arranged in the first direction D1, a first alignment
pad PD1-A spaced apart from the first pads PD1, and a first
alignment mark AM11-P. The second pad group PG2 may
include a plurality of second pads PD2 arranged in the first
direction D1, a second alignment pad PD2-A spaced apart
from the second pads PD2, and a second alignment mark
AM21-P. The first alignment pad PD1-A, the first alignment
mark AM11-P, the second alignment pad PD2-A and the
second alignment mark AM21-P may be used as references
of alignment of a circuit board DC-1 (e.g., a base film BF),
the display panel DP-1, and a conductive adhesive member
AF-1. The first alignment pad PD1-A, the second alignment
pad PD2-A, the first alignment mark AM11-P and the second
alignment mark AM21-P may substantially correspond to
the alignment pads PD-A, the first alignment mark AM1-P
and the second alignment mark AM2-P of FIG. 2A, and thus,
duplicative descriptions thereof will not be repeated here.
[0187] Each of the first pad PD1 and the second pad PD2
may be connected to a corresponding one of signal lines
SL-1. The first pads PD1 and the second pads PD2 may
receive electrical signals independent of each other. For
example, the first pads PD1 may be connected to some of the
pixels PX, and the second pads PD2 may be connected to the
others of the pixels PX. In another embodiment, when the
display panel DP-1 includes an input sensing unit, the first
pads PD1 may be connected to the pixels PX to provide
electrical signals related to image information to the pixels
PX, and the second pads PD2 may be connected to the input
sensing unit to provide electrical signals related to input
sensing to the input sensing unit.

[0188] The circuit board DC-1 may include a first lead
group LG1 and a second lead group L.G2 separated from
each other in the second direction D2. The first lead group
LG1 may include a plurality of first leads .D1 arranged in
the first direction D1, a first alignment lead LD1-A, and a
third alignment mark AM11-F. The second lead group LG2
may include a plurality of second leads [.D2 arranged in the
first direction D1, a second alignment lead .D2-A, and a
fourth alignment mark AM21-F. The first pads PD1 and the
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plurality of first leads LD1 form a first connection pattern
PLD1, and the second pads PD2 and the plurality of second
leads 1.D2 form a second connection pattern PLD2. The first
alignment lead LD1-A, the second alignment lead LD2-A,
the third alignment mark AM11-F and the fourth alignment
mark AM21-F may substantially correspond to the align-
ment leads L.D-A, the third alignment mark AM1-F and the
fourth alignment mark AM2-F of FIG. 2A, and thus, dupli-
cative descriptions thereof will not be repeated here.
[0189] The first leads .D1 and the second leads LD2 may
be connected to corresponding ones of interconnection lines
SL-F1 disposed on the base film BF to provide electrical
signals generated from the driving circuit DV (see FIG. 1A)
to the display panel DP-1. The first leads LD1 and the
second leads [.LD2 may be connected to the first pads PD1
and the second pads PD2 corresponding thereto. The first
leads L.D1 and the second leads .D2 may provide electrical
signals independent of each other. The first leads LD1 may
provide signals related to an image or signals related to input
sensing to the first pads PD1. Likewise, the second leads
LD2 may provide signals related to an image or signals
related to input sensing to the second pads PD2. The circuit
board DC-1 may provide various suitable signals.

[0190] The adhesion area ADA may be defined adjacent to
the vernier mark VM. The vernier mark VM may include a
bottom side (or a bottom end) aligned with top ends of the
first pads PD1 when viewed in a plan view. The conductive
adhesive member AF-1 may have a size covering at least the
first pads PD1 and the second pads PD2. According to
embodiments of the present disclosure, even though the first
pads PD1 and the second pads PD2 are covered by the base
film BF of the circuit board DC-1 and the conductive
adhesive member AF-1, an alignment degree of the conduc-
tive adhesive member AF-1 may be easily checked through
the vernier mark VM. In addition, according to embodi-
ments of the present disclosure, even though the number of
the pads increases and an area of the conductive adhesive
member AF-1 increases, the alignment degree of the con-
ductive adhesive member AF-1 may be checked in real time
in a manufacturing process through the vernier mark VM.
Thus, a position of the conductive adhesive member AF-1
may be easily corrected in real time. As a result, the process
time may be reduced and the process cost may be reduced.
[0191] FIG. 9A is an exploded perspective view illustrat-
ing an electronic apparatus according to an embodiment of
the present disclosure. FIGS. 9B-9C are cross-sectional
views illustrating embodiments of a portion of the electronic
apparatus of FIG. 9A. FIGS. 9B-9C illustrate both a portion
of'the active area AA on which the pixel PX is disposed, and
aportion of the peripheral area PA on which the vernier mark
VM is disposed. Hereinafter, embodiments of the present
disclosure will be described with reference to FIGS. 9A-9C.
In addition, the same components as described with refer-
ence to FIGS. 1A-8B will be indicated by the same reference
designators, and the descriptions thereto will be omitted for
the purpose of ease and convenience in description.

[0192] An electronic apparatus DD-T may include an
electronic panel EP, a circuit board DC-T, a conductive
adhesive member AF, and an optical member OPL. The
electronic panel EP may include a display panel DP and an
input sensing unit TS. The display panel DP may include a
base substrate BS, a pixel layer PXL, and an encapsulation
layer TFE. The base substrate BS, the pixel layer PXL. and
the encapsulation layer TFE of the active area AA may
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correspond to the components illustrated in FIG. 4. Here-
inafter, duplicated descriptions will be omitted.

[0193] The input sensing unit TS may sense an external
input. The input sensing unit TS may be formed directly on
the encapsulation layer TFE to sense the external input
applied to the electronic apparatus DD-T. The external input
may include at least one of various suitable types (or kinds)
of inputs. For example, the external input according to an
embodiment of the present disclosure may include at least
one of various suitable external inputs such as a part (e.g.,
a finger) of the body of a user, light, heat, and pressure.
However, embodiments of the present disclosure are not
limited thereto. One of other various suitable kinds of
display panels may be applied to the electronic apparatus
DD-T according to embodiments of the present disclosure.
[0194] The input sensing unit TS may include a sensor SS
and a cover layer TL. The sensor SS may be disposed on the
active area AA. The sensor SS may include a plurality of first
sensing electrodes SP1 and a plurality of second sensing
electrodes SP2, which receive electrical signals independent
of each other.

[0195] Each of'the first sensing electrodes SP1 may extend
in the first direction D1. The first sensing electrodes SP1
may be spaced apart from each other in the second direction
D2 and may be arranged in the second direction D2. Each of
the second sensing electrodes SP2 may extend in the second
direction D2. The second sensing electrodes SP2 may be
spaced apart from each other in the first direction D1 and
may be arranged in the first direction D1. In FIG. 9A, the
second sensing electrodes SP2 are shaded to be distin-
guished from the first sensing electrodes SP1 for the purpose
of ease and convenience in description and illustration.
[0196] The sensor SS may sense information on the exter-
nal input by using a change in capacitance between the first
sensing electrodes SP1 and the second sensing electrodes
SP2, a change in capacitance of each of the first sensing
electrode SP1 and the second sensing electrode SP2 by the
external input, or a change in resistance of each of the first
sensing electrode SP1 and the second sensing electrode SP2.
The sensor SS may sense the external input by various
suitable methods, and embodiments of the present disclosure
are not limited to a specific embodiment.

[0197] Each of the first sensing electrode SP1 and the
second sensing electrode SP2 may include a conductive
material. For example, each of the first sensing electrode
SP1 and the second sensing electrode SP2 may include a
transparent conductive material. In an embodiment, each of
the first sensing electrode SP1 and the second sensing
electrode SP2 may include a plurality of mesh lines defining
openings. Each of the openings may overlap with the
emission layer EL. of each of the pixels PX. Thus, even
though the sensor SS is disposed on the active area AA to
overlap with the pixels PX of the display panel DP, a
phenomenon that visibility of an image displayed by the
display panel DP is reduced by the sensor SS may be
prevented or reduced. In FIGS. 9B-9C, the sensor SS
including the mesh lines is illustrated as an example for the
purpose of ease and convenience in description.

[0198] The cover layer TL may be disposed on the encap-
sulation layer TFE to cover the sensor SS. The cover layer
TL may have an insulating property. The cover layer TL may
be an organic layer or may have a stack structure of an
organic layer and an inorganic layer. The cover layer TL may
protect the sensor SS.
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[0199] Signal lines SL-T may be connected to the display
panel DP and the input sensing unit TS to provide electrical
signals to the display panel DP and the input sensing unit TS.
The signal lines SL-T may include at least one selected from
the gate line GL (see FIG. 1D), the data line DL (see FIG.
1D), the power line PL (see FIG. 1D), and a plurality of
sensing lines connected to the first sensing electrode SP1
and the second sensing electrode SP2. In the present
embodiment, some of the sensing lines connected to the
sensor SS and some of the signal lines connected to the
display panel DP are illustrated as an example of the signal
lines SL-T.

[0200] The circuit board DC-T may be connected to the
electronic panel EP. The circuit board DC-T may include a
flexible film CB-T and a driving circuit DV-T which corre-
spond to the flexible film CB and the driving circuit DV of
FIG. 1A. The display panel DP and the input sensing unit TS
may be driven by the circuit board DC-T. For example, the
circuit board DC-T may be electrically connected to the
display panel DP to transmit/receive electrical signals
related to an image, and the circuit board DC-T may also be
electrically connected to the input sensing unit TS to trans-
mit/receive electrical signals related to input sensing. In an
embodiment, both the display panel DP and the input
sensing unit TS may be controlled by a single circuit board
DC-T. However, embodiments of the present disclosure are
not limited thereto. In another embodiment, the electronic
apparatus DD-T may include a circuit board for driving the
display panel DP and an additional circuit board for driving
the input sensing unit TS.

[0201] In the present embodiment, a vernier mark VM-T
may be disposed on the same layer as the sensor SS. In the
present embodiment, the vernier mark VM-T may have the
same shape as the vernier mark VM of FIG. 3 when viewed
in a plan view. Thus, the vernier mark VM-T may include a
plurality of line patterns LP extending in the first direction
D1 and arranged in the second direction D2. The uppermost
line LP-U of the line patterns L.P may be closest to the active
area AA in a plan view, and the lowermost line LP-L of the
line patterns LP may be furthest from the active area AA in
a plan view.

[0202] For example, the vernier mark VM-T may be
disposed on the same layer as the sensor SS, as illustrated in
FIG. 9B. At this time, the encapsulation layer TFE and the
cover layer TL. may extend onto the peripheral area PA. The
vernier mark VM-T may be disposed directly on the encap-
sulation layer TFE and may be covered by the cover layer
TL. In another embodiment, the cover layer TL disposed on
the vernier mark VM-T may be omitted from the peripheral
area PA.

[0203] As illustrated in FIG. 9C, a vernier mark VM-T1
may be disposed on the same layer as the sensor SS. The
vernier mark VM-T1 may be disposed between the second
inorganic layer I0OL2 and the cover layer TL. However,
layers disposed between the vernier mark VM-T1 and the
base substrate BS in FIG. 9C may be different from layers
disposed between the vernier mark VM-T and the base
substrate BS in FIG. 9B. For example, the organic layer OL
and the fourth insulating layer 40 may be omitted between
the vernier mark VM-T1 and the base substrate BS. Thus,
the second inorganic layer IOL2 on which the vernier mark
VM-T1 is disposed may be in contact with the first inorganic
layer IOL1 on the peripheral area PA. In the present embodi-
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ment, the vernier mark VM-T1 may be provided at a lower
level (height) than the sensor SS with respect to the base
substrate BS.

[0204] According to embodiments of the present disclo-
sure, in the electronic apparatus DD-T including the input
sensing unit TS and the display panel DP, the vernier mark
VM-T or VM-T1 may be disposed on the same layer as the
sensor SS. Thus, the vernier mark VM-T or VM-T1 may be
disposed at an uppermost position from the base substrate
BS of the peripheral area PA in a thickness direction except
an insulating layer (e.g., the cover layer TL). As a result, the
vernier mark VM-T or VM-T1 may be easily viewed with
the naked eye. The conductive adhesive member AF may be
easily aligned by the naked eye through the vernier mark
VM-T or VM-T1, and thus, reliability of electrical connec-
tion between the circuit board DC-T and the electronic panel
EP may be improved and a connecting process may be
simplified.

[0205] In some embodiments, in an embodiment, the
vernier mark VM-T or VM-T1 may include the same
material as the sensor SS. Thus, the vernier mark VM-T or
VM-T1 and the sensor SS may be patterned at the same time
by using a single mask. As a result, the vernier mark VM-T
or VM-T1 may be easily formed without an additional
process.

[0206] FIGS. 10A-10E are perspective views illustrating a
method of manufacturing an electronic apparatus, according
to an embodiment of the present disclosure. A method of
manufacturing the electronic apparatus of FIG. 1C are
illustrated in FIGS. 10A-10E for the purpose of ease and
convenience in description. Hereinafter, an embodiment of
the present disclosure will be described with reference to
FIGS. 10A-10E.

[0207] Referring to FIG. 10A, the conductive adhesive
member AF may be aligned with a display module DM. The
display module DM may include the display panel DP and
the optical member OPL. The optical member OPL. may
expose pads PD of the display module DM. The vernier
mark VM may exist on an area exposed from the optical
member OPL.

[0208] The conductive adhesive member AF may be
aligned with the adhesion area ADA to cover the pads PD.
The adhesion area ADA may be defined adjacent to the
vernier mark VM.

[0209] Thereafter, as illustrated in FIGS. 10B-10C, a first
bonding process may be performed to adhere the conductive
adhesive member AF to the display panel DP. In the first
bonding process, the conductive adhesive member AF may
be adhered to the adhesion area ADA and then may be
pressed by a pressing apparatus PS1. At this time, an
alignment degree of the conductive adhesive member AF
may be easily checked through an overlapping degree with
the vernier mark VM. According to an embodiment of the
present disclosure, even though the pads PD are covered by
the conductive adhesive member AF, and thus, it is difficult
to accurately determine whether the conductive adhesive
member AF is aligned with the pads PD, the alignment
degree of the conductive adhesive member AF may be easily
checked through the overlapping degree between the vernier
mark VM and the conductive adhesive member AF.

[0210] Next, as illustrated in FIGS. 10D-10E, a second
bonding process of adhering the circuit board DC to the
display panel DP may be performed to manufacture the
electronic apparatus DD. In the second bonding process, the
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circuit board DC may be disposed on the conductive adhe-
sive member AF and then may be pressed by a pressing
apparatus PS2. After aligning the circuit board DC on the
conductive adhesive member AF, the circuit board DC may
be pressed by the pressing apparatus PS2 to enhance bond-
ing strength between the circuit board DC and the conduc-
tive adhesive member AF and bonding strength between the
display panel DP and the conductive adhesive member AF.
At this time, because the alignment degree of the conductive
adhesive member AF is checked in real time, alignment
accuracy of the circuit board DC may also be improved
based on the checked alignment degree of the conductive
adhesive member AF. Thus, reliability of the electronic
apparatus may be improved in the process of connecting the
circuit board DC, and a process time and a process cost may
be reduced.

[0211] FIGS. 11A-11D are plan views illustrating some
processes of a method of manufacturing an electronic appa-
ratus, according to an embodiment of the present disclosure.
FIGS. 11A-11D illustrate states corresponding to FIG. 9C
for the purpose of ease and convenience in description.
Hereinafter, embodiments of the present disclosure will be
described with reference to FIGS. 11A-11D.

[0212] As illustrated in FIG. 11A, in a method of manu-
facturing an electronic apparatus according to an embodi-
ment of the present disclosure, a conductive adhesive mem-
ber AF-B may be provided to overlap with a portion of the
vernier mark VM. At this time, a width W1 of the conductive
adhesive member AF-B in the second direction D2 may be
greater than a width W2 of the pads PD in the second
direction D2. Thus, when the conductive adhesive member
AF-B overlaps with a portion of the vernier mark VM, it
may be recognized that the conductive adhesive member
AF-B is aligned to stably cover the pads PD of a display
panel DP-B. As a result, the alignment degree of the con-
ductive adhesive member AF-B may be easily checked
through an overlapping degree of the vernier mark VM and
the conductive adhesive member AF-B.

[0213] As illustrated in FIGS. 11B-11D, a method of
manufacturing an electronic apparatus according to an
embodiment of the present disclosure may further include
correcting a position of the conductive adhesive member AF.
For example, as illustrated in FIG. 11B, when the conductive
adhesive member AF is aligned at a position fully covering
the pads PD of a display panel DP, the conductive adhesive
member AF may meet the vernier mark VM. In other words,
in the present embodiment, when the bottom end of the
vernier mark VM meets the conductive adhesive member
AF, the conductive adhesive member AF may have the
greatest overlapping area with the pads PD.

[0214] Alternatively, even though initial alignment is per-
formed like FIG. 11B, a misalignment degree may be
increased by vibration or repeated misalignments in the
process, and thus, the conductive adhesive member AF may
be adhered to a display panel DP-C in a state in which an
overlapping area between the conductive adhesive member
AF and the pads PD is extremely reduced, as illustrated in
FIG. 11C. At this time, a majority of the line patterns of the
vernier mark VM may overlap with the conductive adhesive
member AF. When the line patterns are arranged at equal
distances, the misalignment degree of the conductive adhe-
sive member AF may be easily checked by the number of the
line patterns overlapping with the conductive adhesive
member AF.
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[0215] Thereafter, as illustrated in FIG. 11D, the conduc-
tive adhesive member AF may be aligned with the pads PD
of a display panel DP-C1 by moving the conductive adhe-
sive member AF in an arrow direction of FIG. 11C. Accord-
ing to embodiments of the present disclosure, the misalign-
ment and the misalignment degree of the conductive
adhesive member AF may be easily checked through the
vernier mark VM, and thus, the position of the conductive
adhesive member AF may be easily corrected. As a result,
the manufacturing processes may be simplified.

[0216] FIGS. 12A-12C are plan views illustrating some
processes of a method of manufacturing an electronic appa-
ratus, according to an embodiment of the present disclosure.
FIGS. 12A-12C illustrate states corresponding to FIG. 10C
for the purpose of ease and convenience in description.
Hereinafter, embodiments of the present disclosure will be
described with reference to FIGS. 12A-12C.

[0217] As illustrated in FIG. 12A, a conductive adhesive
member AF1 may be disposed to meet the vernier mark VM.
A top end of the conductive adhesive member

[0218] AF1 may be parallel (e.g., substantially parallel) to
a lowermost line LP1 of the vernier mark VM. In the present
embodiment, the conductive adhesive member AF1 illus-
trated in FIG. 12A may be in an aligned state. Thus, the
second bonding process of adhering the circuit board DC
(see FIG. 10D) to the conductive adhesive member AF1 may
be performed without an additional correcting process.
[0219] As illustrated in FIG. 12B, a conductive adhesive
member AF2 may overlap with a portion of the vernier mark
VM. In the present embodiment, the conductive adhesive
member AF2 may overlap with a first line pattern LL.P1 and
a second line pattern LL.P2 of a lower portion of the vernier
mark VM, and a top end of the conductive adhesive member
AF2 may be aligned parallel (e.g., substantially parallel) to
a third line pattern LLP3. In FIG. 12B, the conductive
adhesive member AF2 does not overlap with a fourth line
pattern LLP4, a fifth line pattern LLPS, a sixth line pattern
LLP6, a seventh line pattern LLP7, an eighth line pattern
LLP8, a ninth line pattern LL.P9, a tenth line pattern LL.P10,
or an eleventh line pattern LLP11. When the conductive
adhesive member AF1 of FIG. 12A is in the aligned state, the
conductive adhesive member AF2 may be in an misaligned
state.

[0220] A misalignment degree of the conductive adhesive
member AF2 may be determined by the number of the
overlapping line patterns and a distance between the line
patterns. The misalignment degree of the conductive adhe-
sive member AF2 may be a first distance Y1 in the second
direction D2. When the first distance Y1 is in a designed
allowable misalignment range, the process of adhering the
circuit board DC may be performed without the process of
correcting the position of the conductive adhesive member.
On the contrary, when the first distance Y1 is beyond the
designed allowable misalignment range, the process of cor-
recting the position of the conductive adhesive member AF2
may be performed by moving the conductive adhesive
member AF2 in the second direction D2. At this time, a
degree of the correction may correspond to the first distance
Y1 in the second direction D2.

[0221] In some embodiments, as illustrated in FIG. 12C, a
conductive adhesive member AF3 may overlap with the
vernier mark VM in an inclined state with respect to the
vernier mark VM when viewed in a plan view. At this time,
the conductive adhesive member AF3 may overlap with

Nov. 17, 2022

three line patterns LLP1, LL.P2 and LLP3 of the vernier
mark VM, and a top end of the conductive adhesive member
AF3 may not be parallel to a fourth line pattern LLP4.
According to an embodiment of the present disclosure, the
conductive adhesive member AF3 may be moved in the
second direction D2 by a second distance Y2 and may be
rotated to align the top end of the conductive adhesive
member AF3 with the vernier mark VM, and thus, a position
of the conductive adhesive member AF3 may be corrected.
According to embodiments of the present disclosure, the
misalignment degree of the conductive adhesive member
may be easily checked through the vernier mark, and thus,
the correction of the position of the conductive adhesive
member may be performed in real time. As a result, the
manufacturing processes may be simplified and the process
cost may be reduced.

[0222] FIG. 13A is a perspective view illustrating an
electronic apparatus according to an embodiment of the
present disclosure. FIG. 13B is an exploded perspective
view illustrating a portion of the electronic apparatus of FI1G.
13A. FIG. 14A is a plan view illustrating a portion of the
electronic apparatus of FIG. 13A. FIG. 14B is a plan view
illustrating a portion of an electronic apparatus DD-21
according to an embodiment of the present disclosure. FIG.
14B illustrates an area corresponding to FIG. 14A for the
purpose of ease and convenience in description. Hereinafter,
embodiments of the present disclosure will be described
with reference to FIGS. 13A-14B.

[0223] As illustrated in FIG. 13A, an electronic apparatus
DD-2 may include a display panel DP, an optical member
OPL, and a driving circuit DC-2. The display panel DP and
the optical member OPL. may correspond to the display
panel DP and the optical member OPL, respectively, and
thus, duplicative descriptions thereof will not be repeated
here.

[0224] The driving circuit DC-2 may be mounted on the
display panel DP. In more detail, the driving circuit DC-2
may be disposed on the base substrate BS (see FIG. 4) of the
display panel DP, on which the signal lines SL are disposed.
Referring to FIG. 13B, the driving circuit DC-2 may be
disposed to be aligned with a connection area COA of the
display panel DP, and thus, the driving circuit DC-2 may be
connected to the pads PD of the display panel DP.

[0225] The driving circuit DC-2 may include an integrated
circuit including a plurality of interconnection lines and at
least one driving device connected to the interconnection
lines. The driving circuit DC-2 may be provided in the form
of a chip and may be connected to the display panel DP
through an additional coupling member. The coupling mem-
ber may include an optical clear adhesive layer, an aniso-
tropic conductive film, a pressure sensitive adhesive layer, or
a solder ball.

[0226] According to an embodiment of the present disclo-
sure, the driving circuit DC-2 may be aligned with the
connection area COA by using the vernier mark VM. The
driving circuit DC-2 may be disposed to overlap with the
vernier mark when viewed in the second direction D2. In
FIGS. 14A-14B, the pads PD are illustrated to be viewed
through the driving circuit DC-2 for the purpose of ease and
convenience in description.

[0227] For example, as illustrated in FIG. 14A, when a
width of the driving circuit DC-2 in the second direction D2
is substantially equal to a width of the pads PD in the second
direction D2, the driving circuit DC-2 may be aligned on the
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pads PD in such a way that a top end of the driving circuit
DC-2 meets and is parallel (e.g., substantially parallel) to the
bottom end of the vernier mark VM in a plan view. In some
embodiments, as illustrated in FIG. 14B, when a width W1
of a driving circuit DC-2A in the second direction D2 is
greater than a width W2 of the pads PD in the second
direction D2, the driving circuit DC-2A may be aligned on
the pads PD in such a way that the driving circuit DC-2A
overlaps with at least a portion of the vernier mark VM when
viewed in a plan view.

[0228] According to embodiments of the present disclo-
sure, when the driving circuit DC-2 is mounted directly on
the display panel DP, the vernier mark VM may be used in
the process of aligning the driving circuit DC-2. According
to embodiments of the present disclosure, the driving circuit
DC-2 may be aligned with the display panel DP through the
vernier mark VM by the naked eye. Thus, the manufacturing
processes may be simplified and the process cost may be
reduced.

[0229] According to embodiments of the present disclo-
sure, the alignment degree between the conductive adhesive
member and the pads of the display panel may be checked
with the naked eye, and thus, the processes may be simpli-
fied and the process time may be reduced. In addition,
according to embodiments of the present disclosure, the
misalignment degree of the conductive adhesive member
may also be easily checked with the naked eye, and thus, the
position of the conductive adhesive member may be cor-
rected in real time (e.g., may be corrected concurrently with
the positioning of the conductive adhesive member). As a
result, the reliability of electrical connection between the
circuit board and the display panel may be improved.
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[0230] While the subject matter of the present disclosure
has been described with reference to example embodiments,
it will be apparent to those skilled in the art that various
changes and modifications may be made without departing
from the spirit and scope of the present disclosure. There-
fore, it should be understood that the embodiments
described herein are not limiting, but illustrative. Thus, the
present disclosure is intended to cover various modifications
and equivalent arrangements included within the spirit and
scope of the appended claims, and equivalents thereof.

What is claimed is:

1. An electronic apparatus comprising:

a display panel comprising: a base substrate comprising
an active area and a peripheral area adjacent to the
active area; pixels on the active area; pads on the
peripheral area and arranged in a first direction; signal
lines connecting the pixels to the pads; and vernier
marks on the peripheral area and spaced apart from the
pad and the signal lines, a circuit board on the display
panel and comprising: a base film; and

leads on the base film and overlapping with the pads in a
plan view; and

a conductive adhesive member extending in the first
direction and between the display panel and the circuit
board to connect the pads to the leads, and

wherein the conductive adhesive member does not over-
lap the vernier marks in a plan view, and

wherein the pads are offset from the vernier marks in the
first direction and a second direction intersecting the
first direction.



