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(54) DISPLAY APPARATUS

(57) A display apparatus is provided. The display ap-
paratus includes a display substrate and a plurality of
pads arranged above the display substrate. Each of the
plurality of pads includes a first conductive layer, at least

a portion of which is covered by an insulating film, a sec-
ond conductive layer arranged above the first conductive
layer, and a clamping portion formed in the second con-
ductive layer.



EP 3 261 143 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

1. Field

[0001] One or more embodiments relate to a display
apparatus.

2. Description of the Related Art

[0002] Display apparatuses may be used in mobile ap-
paratuses such as smartphones, laptop computers, dig-
ital cameras, camcorders, portable information termi-
nals, notebooks, and tablet personal computers (PCs),
or electronic apparatuses such as desktop computers,
televisions, outdoor billboards, and exhibition display ap-
paratuses.
[0003] Recently, slimmer display apparatuses have
been launched.
[0004] Flexible display apparatuses are easy to carry
and are applicable to apparatuses having various
shapes. Among them, a flexible display apparatus based
on an organic light-emitting display technology is the
most powerful flexible display apparatus.
[0005] In the display apparatus, a pad on a display pan-
el may be electrically connected to a pad of a driver. If
the pad on the display panel and the pad of the driver
are not reliably connected to each other, the reliability of
the display apparatus may be deteriorated.

SUMMARY

[0006] One or more embodiments include a display ap-
paratus in which a pad and a driving terminal are reliably
connected to each other.
[0007] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented embodiments.
[0008] According to one or more embodiments, a dis-
play apparatus includes: a display substrate; and a plu-
rality of pads arranged above the display substrate,
wherein each of the plurality of pads includes: a first con-
ductive layer, at least a portion of which is covered by an
insulating film; at least a second conductive layer ar-
ranged above the first conductive layer; and a clamping
portion formed in the at least one second conductive lay-
er. The clamping portion advantageously is adapted to
receive a electrically conducting material of a driving ter-
minal. Especially, the electrically conducting material
electrically connects the first and/or second conductive
layers via the driving terminal with a circuit pattern and/or
a driving IC for driving the display apparatus. The elec-
trically conducting material may be a melting or solder
material melted and/or cast into the clamping portion for
electrically connecting the driving terminal with the first
and/or second conductive layers.

[0009] The second conductive layer may include a plu-
rality of second conductive layers which may be spaced
apart from one another above the first conductive layer.
This means, that there may be arranged a plurality of
second conductive layers arranged over the first conduc-
tive layer, whereby a pluraility of second conductive lay-
ers may be provided in each of the plurality of pads.
[0010] The insulating film may include a plurality of
contact holes exposing top surfaces of the first conduc-
tive layer, and the plurality of second conductive layers
may be electrically connected to the first conductive layer
through the contact holes.
[0011] The clamping portion may include an undercut
arranged on opposite sidewalls of adjacent second con-
ductive layers.
[0012] The second conductive layer may include con-
ductive portions of multiple layers, and the undercut may
be provided by forming the conductive portions of multi-
ple layers to have different widths.
[0013] The second conductive layer may include: a first
conductive portion connected to the first conductive lay-
er; a second conductive portion arranged above the first
conductive portion; and a third conductive portion ar-
ranged above the second conductive portion, and the
undercut corresponds to a region where a width of the
second conductive portion may be narrower than a width
of the first conductive portion and a width of the third
conductive portion.
[0014] The second conductive layer may include a con-
ductive portion of at least one layer, and the undercut
may correspond to a region where a sidewall of the sec-
ond conductive layer is inclined.
[0015] The second conductive layer may include a con-
ductive portion of at least one layer, and the undercut
may correspond to a region where a sidewall of the sec-
ond conductive layer is curved.
[0016] The display apparatus may further include a
third conductive layer arranged above the second con-
ductive layer.
[0017] The second conductive layer may include a con-
ductive portion of at least one layer, the display apparatus
may further include a third conductive layer arranged
above the second conductive layer, and a width of the
second conductive layer in the undercut may be narrower
than a width of the third conductive layer.
[0018] The display panel may include: at least one thin-
film transistor including a semiconductor active layer, a
gate electrode, a source electrode, and a drain electrode
above the display substrate; an organic light-emitting dis-
play device electrically connected to the thin-film transis-
tor, the organic light-emitting display device including a
first electrode, an emission layer, and a second elec-
trode; and an insulating film of at least one layer arranged
between the thin-film transistor and the organic light-
emitting display device, and the first conductive layer may
be connected to a wiring extending from any one of the
gate electrode, the source electrode, the drain electrode,
the first electrode, and the second electrode, and the
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second conductive layer may be arranged to have an
island shape above the first conductive layer.
[0019] The first conductive layer may be formed of a
same material as the gate electrode, and the second con-
ductive layer may be formed of a same material as the
source electrode and the drain electrode.
[0020] The display apparatus may further include a
third conductive layer disposed on the second conductive
layer, wherein the first to third conductive layers may be
a combination of a plurality of electrodes selected from
the gate electrode, the source electrode, the drain elec-
trode, the capacitor electrodes, the first electrode, and
the second electrode.
[0021] According to one or more embodiments, a dis-
play apparatus includes: a display panel including a dis-
play substrate in which a plurality of pads are arranged,
and a thin-film encapsulation layer arranged above the
display substrate; a driver including a plurality of driving
terminals electrically connected to the plurality of pads;
and an adhesive arranged between the plurality of pads
and the driver, wherein each of the plurality of pads in-
cludes: a first conductive layer, at least a portion of which
is covered by an insulating film; a plurality of second con-
ductive layers arranged above the first conductive layer;
and a clamping portion arranged between adjacent sec-
ond conductive layers.
[0022] The insulating film may include a plurality of
contact holes exposing top surfaces of the first conduc-
tive layers, and the second conductive layers may be
electrically connected to the first conductive layers
through the contact holes, respectively.
[0023] The clamping portion may include an undercut
arranged on opposite sidewalls of the adjacent second
conductive layers.
[0024] The driving terminal may fill a gap between the
adjacent second conductive layers and contact a sidewall
of the second conductive layer in which the undercut is
arranged.
[0025] The driving terminal may extend over a region
where the first conductive layer contacts the second con-
ductive layer and between the adjacent second conduc-
tive layers.
[0026] The each of the plurality of pads may be in sur-
face contact with the driving terminal. The adhesive may
include a non-conductive film.
[0027] According to one or more embodiments, a dis-
play apparatus includes: a display panel comprising a
display substrate in which a plurality of pads are ar-
ranged; and a driver comprising a plurality of driving ter-
minals electrically connected to the plurality of pads, re-
spectively, wherein each of the plurality of pads compris-
es: a first conductive layer; an insulating layer disposed
on the first conductive layer, and a second conductive
layer disposed on the insulating layer and connected to
the first conductive layer through a contact hole formed
in the insulating layer, and wherein the second conduc-
tive layer includes a clamping portion having an undercut
and one of the plurality of driving terminals fills the un-

dercut.
[0028] The second conductive layer may include a first
conductive portion and a second conductive portion dis-
posed on the first conductive portion, and the undercut
may be formed in the first conductive portion.
[0029] The undercut may have a recessed portion re-
cessed from an edge of the second conductive portion
and the recessed portion may be from about 1 mm to
about 20 mm.
[0030] The clamping portion may be formed at a center
of the second conductive layer.
[0031] The second conductive layer may include a plu-
rality of second conductive layers disposed on the first
conductive layer, and the clamping portion may be
formed between adjacent second conductive layers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of the embodiments, taken in conjunction with
the accompanying drawings in which:

FIG. 1 is plan view of a display apparatus according
to an embodiment;
FIG. 2 is a cross-sectional view of the display appa-
ratus of FIG. 1;
FIG. 3 is a cross-sectional view of a display panel
according to an embodiment;
FIG. 4 is a plan view of a pad on a display pad of
FIG. 3;
FIG. 5 is a cross-sectional view taken along line V-
V of FIG. 4;
FIG. 6A is a cross-sectional view illustrating a state
before a driving terminal is connected to a pad on a
display panel of FIG. 5;
FIG. 6B is a cross-sectional view illustrating a state
when a driving terminal is connected to a pad of FIG.
6A;
FIGS. 7 to 10 are cross-sectional views illustrating
states when a driving terminal is connected to a pad
on a display panel, according to embodiments; and
FIG. 11 is a cross-sectional view of one sub-pixel of
a display panel, according to another embodiment.
FIG. 12 is a plan view of one pad according to an
embodiment.
FIG. 13 is a cross-sectional view taken along line
XIII-XIII’ of FIG. 12.
FIG. 14 is a plan view of one pad according to an
embodiment.
FIG. 15 is a cross-sectional view taken along line
XV-XV’ of FIG. 14.
FIG. 16 is a plan view of one pad according to an
embodiment.
FIG. 17 is a cross-sectional view taken along line
XVII-XVII’ of FIG. 16.
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DETAILED DESCRIPTION

[0033] Reference will now be made in detail to embod-
iments, examples of which are illustrated in the accom-
panying drawings, wherein like reference numerals refer
to like elements throughout. In this regard, the present
embodiments may have different forms and should not
be construed as being limited to the descriptions set forth
herein. Accordingly, the embodiments are merely de-
scribed below, by referring to the figures, to explain as-
pects of the present description.
[0034] Various alterations and modifications may be
made to embodiments, some of which will be illustrated
in detail in the drawings and detailed description. How-
ever, it should be understood that these embodiments
are not construed as limited to the illustrated forms and
include all changes, equivalents, or alternatives within
the idea and the technical scope of the inventive concept.
However, in the following descriptions and the accom-
panying drawings, descriptions of well-known functions
and constructions will be omitted if they are considered
to unnecessarily obscure the gist of the inventive con-
cept.
[0035] It will be understood that although the terms
"first", "second", etc. may be used herein to describe var-
ious components, these components should not be lim-
ited by these terms. These components are only used to
distinguish one component from another.
[0036] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to limit the scope of the inventive concept. As
used herein, the singular forms "a", "an", and "the" are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be understood
that the terms "comprise", "include", and "have" used
herein specify the presence of stated features, integers,
steps, operations, elements, components, or combina-
tions thereof, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, or combinations thereof.
[0037] Hereinafter, a display apparatus according to
one or more embodiments will be described in detail with
reference to the accompanying drawings. Like reference
numerals are assigned to like elements throughout the
drawings and the specification, and redundant descrip-
tions thereof will be omitted.
[0038] FIG. 1 is a plan view of a display apparatus 100
according to an embodiment, and FIG. 2 is a cross-sec-
tional view of the display apparatus 100 of FIG. 1.
[0039] Referring to FIGS. 1 and 2, the display appara-
tus 100 includes a display panel 110. According to an
embodiment, the display apparatus 100 may be an or-
ganic light-emitting display device (OLED). According to
another embodiment, the display apparatus 100 may be
a liquid crystal display (LCD), a field emission display
(FED), or an electrophoretic display (EPD).
[0040] The display panel 110 may include a display
substrate 120 including a plurality of elements, and a

thin-film encapsulation (TFE) layer 130 arranged above
the display substrate 120. A plurality of thin-film transis-
tors and a plurality of light-emitting elements respectively
connected to the plurality of thin-film transistors may be
arranged above the display substrate 120. A functional
film 140, such as a polarizing layer, a touchscreen, and
a cover window, may be arranged above the TFE layer
130.
[0041] The display panel 110 may have an active area
(AA) 111 on which an image is displayed, and an inactive
area (IAA) 112 surrounding the active area 111.
[0042] The TFE layer 130 may cover the active area
111.
[0043] The inactive area 112 surrounds the active area
111. The inactive area 112 may have a bending area BA
in which the display panel 110 may be bent and a pad
area PA disposed outside of the bending area BA.
[0044] The display panel 110 may be bendable along
a bending line BL that is a reference line in the bending
area BA.
[0045] The pad area PA may be arranged at one edge
of the display substrate 120. A plurality of pads 150 may
be arranged in the pad area PA. The plurality of pads
150 may be spaced apart from one another in an X di-
rection of the display substrate 120. The pads 150 may
be connected to wirings 113 extending from the active
area 111.
[0046] A driver 160 may be electrically connected to
the plurality of pads 150.
[0047] The driver 160 may include a driving circuit and
may be a chip on plastic (COP). The driver 160 includes
a flexible printed circuit board (PCB) 170 in which circuit
wirings are patterned, a driving integrated circuit (IC) 180
arranged above the display substrate 120, and a plurality
of driving terminals 190 arranged under the driving IC
180. The flexible PCB 170 may be electrically connected
to the driving IC 180. The flexible PCB 170 may be elec-
trically connected to an external board (not illustrated).
[0048] According to another embodiment, the driver
160 may be a chip on film (COF). According to another
embodiment, the driver 160 may be a chip on glass
(COG).
[0049] The plurality of pads 150 may be electrically
connected to the plurality of driving terminals 190. The
plurality of pads 150 may be directly electrically connect-
ed to the plurality of driving terminals 190.
[0050] An adhesive 210 may be arranged between the
plurality of pads 150 and the plurality of driving terminals
190. The adhesive 210 may provide an adhesive force
between the plurality of pads 150 and the plurality of driv-
ing terminals 190. The adhesive 210 may be arranged
around a region where the plurality of pads 150 are con-
nected to the plurality of driving terminals 190.
[0051] Specifically, when the plurality of pads 150 are
connected to the plurality of driving terminals 190, the
adhesive 210 may flow toward the periphery of the region
where the plurality of pads 150 are connected to the plu-
rality of driving terminals 190. Accordingly, the adhesive

5 6 



EP 3 261 143 A1

5

5

10

15

20

25

30

35

40

45

50

55

210 may not be present in the region where the plurality
of pads 150 are directly connected to the plurality of driv-
ing terminals 190 through the adhesive 210. In other
words, the connection areas and/or electrically conduct-
ing faces of the pads 150 and driving terminals 190 may
be maintained without adhesive 210 thereon or therebe-
tween.
[0052] The display apparatus 100 having the above-
described structure may electrically connect the pads
150 to the driving terminals 190 by using a pressure de-
vice such as a hot bar. The case where the pads 150
above the display substrate 120 are connected to the
driving terminals 190 of the driver 160 has been de-
scribed above, the present embodiment may be applied
to any structure in which terminals arranged in different
components are directly connected to one another.
[0053] According to an embodiment, the plurality of
pads 150 may be arranged on the same plane above the
display substrate 120.
[0054] According to an embodiment, each of the plu-
rality of pads 150 includes at least one conductive layer.
[0055] According to an embodiment, the plurality of
pads 150 may be arranged on different lines above the
display substrate 120.
[0056] According to an embodiment, the plurality of
pads 150 arranged on the different lines may be alter-
nately arranged. For example, the plurality of pads 150
may be in a zigzag arrangement.
[0057] FIG. 3 is a cross-sectional view of a display pan-
el 300 according to an embodiment, FIG. 4 is a plan view
of one pad of FIG. 3, and FIG. 5 is a cross-sectional view
taken along line V-V of FIG. 4.
[0058] Referring to FIGS. 3 to 5, the display panel 300
includes a display substrate 301 and a TFE layer 317.
According to an embodiment, the display panel 300 may
be an OLED panel.
[0059] The display panel 300 may have a display area
DA arranged in an active area AA, and a pad area PA
arranged in an inactive area IAA. A pad 400 may be ar-
ranged in the pad area PA.
[0060] The display substrate 301 may be a flexible
glass substrate, a flexible polymer substrate, a rigid glass
substrate, or a rigid polymer substrate. The display sub-
strate 301 may be transparent, semitransparent, or
opaque.
[0061] A barrier film 302 may be arranged above the
display substrate 301. The barrier film 302 may cover the
display substrate 301. The barrier film 302 may be an
organic film or an inorganic film. The barrier film 302 may
be a single film or a multi-layer film.
[0062] At least one thin-film transistor TFT and at least
one capacitor Cst may be arranged above the display
area DA. According to an embodiment, the number of
thin-film transistors TFT and the number of capacitors
Cst are not limited.
[0063] A semiconductor active layer 303 may be ar-
ranged above the barrier film 302. The semiconductor
active layer 303 includes a source region 304 and a drain

region 305 arranged by doping N-type impurity ions or
P-type impurity ions. A channel region 306 into which
impurities are not doped may be disposed between the
source region 304 and the drain region 305. The semi-
conductor active layer 303 may be an organic semicon-
ductor or an inorganic semiconductor such as an amor-
phous silicon, a polysilicon and an oxide semiconductor.
[0064] A gate insulating film 307 may be arranged
above the semiconductor active layer 303. The gate in-
sulating film 307 may be an inorganic film. The gate in-
sulating film 307 may be a single film or a multi-layer film.
[0065] A gate electrode 308 may be arranged above
the gate insulating film 307. The gate electrode 308 may
include a conductive material having conductivity, for ex-
ample, metal such as molybdenum (Mo), aluminum (Al),
copper (Cu) and titanium (Ti). The gate electrode 308
may be a single film or a multi-layer film.
[0066] An interlayer insulating film 309 may be ar-
ranged above the gate electrode 308. The interlayer in-
sulating film 309 may be an organic film or an inorganic
film.
[0067] A source electrode 310 and a drain electrode
311 may be arranged above the interlayer insulating film
309. Contact holes may be formed by removing portions
of the gate insulating film 307 and portions of the inter-
layer insulating film 309. The source electrode 310 may
be electrically connected to the source region through
one of the contact holes, and the drain electrode 311 may
be electrically connected to the drain region 305 through
one of the contact holes.
[0068] The source electrode 310 and the drain elec-
trode 311 may include a conductive material having con-
ductivity. For example, the source electrode 310 and the
drain electrode 311 includes metal such as Mo, Al, Cu
and Ti. The source electrode 310 and the drain electrode
311 may be a single film or a multi-layer film. For example,
the source electrode 310 and the drain electrode 311
may have a stack structure including Ti/Al/Ti.
[0069] A protective film 312 may be arranged above
the source electrode 310 and the drain electrode 311.
The protective film 312 may be an organic film or an in-
organic film. The protective film 312 may include a pas-
sivation film and a planarization film. Either of the passi-
vation film and the planarization film may be omitted.
[0070] The capacitor Cst includes a first capacitor elec-
trode CE1, a second capacitor electrode CE2, and a di-
electric layer arranged therebetween. According to the
present embodiment, the dielectric layer may correspond
to the interlayer insulating film 309. The first capacitor
electrode CE1 may include the same material as the gate
electrode 308 and may be arranged on the same plane
as the gate electrode 308. The second capacitor elec-
trode CE2 may include the same material as the source
electrode 310 and the drain electrode 311 and may be
arranged on the same plane as the source electrode 310
and the drain electrode 311. The protective film 312 may
cover the second capacitor electrode CE2.
[0071] According to another embodiment, the capaci-
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tor Cst may overlap the thin-film transistor TFT.
[0072] For example, referring to FIG. 11, the gate elec-
trode 308 of the thin-film transistor TFT may function as
the first capacitor electrode CE1. The second capacitor
electrode CE2 may overlap the first capacitor electrode
CE1, with the dielectric layer 1101 being arranged ther-
ebetween. The second capacitor electrode CE2 may in-
clude a conductive material having conductivity, for ex-
ample, metal. The second capacitor electrode CE2 in-
cludes Mo, Al, Cu, or Ti. The second capacitor electrode
CE2 may be a single film or a multi-layer film.
[0073] Referring to FIGS. 3, 4, and 5 again, the thin-
film transistor TFT may be electrically connected to an
OLED.
[0074] The OLED may be arranged above the protec-
tive film 312. The OLED includes a first electrode 313,
an intermediate layer 314, and a second electrode 315.
[0075] The first electrode 313 may function as an an-
ode and may include various conductive materials. The
first electrode 313 may include a transparent electrode
or a reflective electrode. For example, when the first elec-
trode 313 is the transparent electrode, the first electrode
313 includes a transparent conductive film. When the
first electrode 313 is the reflective electrode, the first elec-
trode 313 includes a reflective film and a transparent con-
ductive film arranged above the reflective film.
[0076] A pixel defining layer 316 may be arranged
above the protective film 312. The pixel defining layer
316 may cover a portion of the first electrode 313. The
pixel defining layer 316 surrounds an edge of the first
electrode 313 to define an emission region of each sub-
pixel. The first electrode 313 may be patterned in each
sub-pixel. The pixel defining layer 316 may be an organic
film or an inorganic film. The pixel defining layer 316 may
be a single film or a multi-layer film.
[0077] The intermediate layer 314 may be arranged
above the first electrode 313 in a region corresponding
to the first electrode 313 exposed by etching a part of the
pixel defining layer 316. The intermediate layer 314 may
be formed by a deposition process.
[0078] The intermediate layer 314 may include an or-
ganic emissive layer.
[0079] According to alternative examples, the interme-
diate layer 314 may include an organic emissive layer
and may further include a hole injection layer (HIL), a
hole transport layer (HTL), an electron transport layer
(ETL), and an electron injection layer (EIL).
[0080] According to an embodiment, the intermediate
layer 314 may include an organic emissive layer and may
further include various functional layers.
[0081] The second electrode 315 may be arranged
above the intermediate layer 314.
[0082] The second electrode 315 may function as a
cathode. The second electrode 315 may include a trans-
parent electrode or a reflective electrode. For example,
when the second electrode 315 is the transparent elec-
trode, the second electrode 315 includes a metal film and
a transparent conductive film arranged above the metal

film. When the second electrode 315 is the reflective elec-
trode, the second electrode 315 includes a metal film.
[0083] According to an embodiment, a plurality of sub-
pixels may be arranged above the display substrate 301.
For example, a red color sub-pixel, a green color sub-
pixel, a blue color sub-pixel, or a white color sub-pixel
may be formed on the display substrate 301. However,
the present disclosure is not limited thereto.
[0084] The TFE layer 317 may cover the OLED.
[0085] The TFE layer 317 may include first and second
inorganic films 318 and 319 and an organic film 320 al-
ternately stacked. For example, the first inorganic film
318, the organic film 320, and the second inorganic film
319 may be sequentially stacked above the OLED. The
stack structure of the inorganic films and the organic film
included in the TFE layer 317 may be variously modified.
[0086] A polarizing layer 321 may be arranged above
the TFE layer 317. The polarizing layer 321 may reduce
external light reflection. According to another embodi-
ment, the polarizing layer 321 may be omitted, and ex-
ternal light reflection may be reduced by using a black
matrix and a color filter.
[0087] A plurality of pads 400, which are electrically
connected to driving terminals, may be arranged in the
pad area PA. Each pad 401 of the plurality of pads 400
may be spaced apart in one direction of the display sub-
strate 301.
[0088] Each pad 401 of the plurality of pads 400 may
include a first conductive layer 410 and a second con-
ductive layer 420 arranged above the first conductive lay-
er 410.
[0089] Details thereof will be described below.
[0090] A first insulating film 331 may be arranged
above the display substrate 301 in the pad area PA. The
first insulating film 331 may be arranged on the same
plane as the barrier film 302. The first insulating film 331
and the barrier film 302 may be formed in the same proc-
ess by using the same material.
[0091] A second insulating film 332 may be arranged
above the first insulating film 331. The second insulating
film 332 may be arranged on the same plane as the gate
insulating film 307. The second insulating film 332 and
the gate insulating film 307 may be formed in the same
process by using the same material.
[0092] The first conductive layer 410 included in each
pad 401 may be arranged above the second insulating
film 332. The first conductive layer 410 may be electrically
connected to a wiring 322 extending from the gate elec-
trode 308. The first conductive layer 410 may be arranged
on the same plane as the gate electrode 308. The first
conductive layer 410 and the gate electrode 308 may be
formed in the same process by using the same material.
Several first conductive layers 410 may be spaced apart
from one another in one direction of the display substrate
301.
[0093] A third insulating film 333 may be arranged
above the first conductive layer 410. The third insulating
film 333 may be arranged on the same plane as the in-
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terlayer insulating film 309. The third insulating film 333
and the interlayer insulating film 309 may be formed in
the same process by using the same material.
[0094] The third insulating film 333 may cover at least
a portion of the first conductive layer 410. A plurality of
contact holes 430 may be formed above the first conduc-
tive layer 410 by removing portions of the third insulating
film 333. Top surfaces of the first conductive layers 410
may be exposed to the outside in a region where the
contact holes 430 are formed.
[0095] The contact holes 430 include a first contact
hole 431 and a second contact hole 432 arranged adja-
cent to the first contact hole 431. The case where two
contact holes 430 are arranged above the first conductive
layer 410 has been described above, but embodiments
are not limited as long as the number of contact holes
430 are two or more.
[0096] A plurality of second conductive layers 420 may
be arranged above the exposed region of the first con-
ductive layer 410. The second conductive layer 420 may
be electrically connected to the first conductive layer 410
through the contact hole 430.
[0097] The plurality of second conductive layers 420
may be respectively arranged in the plurality of contact
holes 430. For example, one second conductive layer
420a may be arranged above the first contact hole 431,
and another second conductive layer 420b may be ar-
ranged above the second contact hole 432. The plurality
of second conductive layers 420a and 420b may be
spaced apart from each other above the first conductive
layer 410. However, the plurality of second conductive
layers 420a and 420b may be connected to each other
above the first conductive layer 410.
[0098] The plurality of second conductive layers 420
may be arranged to have an island shape above the first
conductive layer 410. According to another embodiment,
the second conductive layer 420 may be electrically con-
nected to a wiring extending from the display area DA.
[0099] The second conductive layer 420 may be ar-
ranged on the same plane as the source electrode 310
and the drain electrode 311. The second conductive layer
420, the source electrode 310, and the drain electrode
311 may be formed in the same process by using the
same material.
[0100] The second conductive layer 420 may have a
multi-layered structure. According to an embodiment, the
second conductive layer 420 includes conductive por-
tions of multiple layers. The second conductive layer 420
includes a first conductive portion 421, a second conduc-
tive portion 422, and a third conductive portion 423.
[0101] The first conductive portion 421 may be ar-
ranged above the first conductive layer 410. The first con-
ductive portion 421 includes Ti. The first conductive por-
tion 421 may be directly connected to the first conductive
layer 410. The second conductive portion 422 may be
arranged above the first conductive portion 421. The sec-
ond conductive portion 422 includes Al. The third con-
ductive portion 423 may be arranged above the second

conductive portion 422. The third conductive portion 423
includes Ti. The case where the second conductive layer
420 has the stack structure including Ti/Al/Ti has been
described above, but the stack structure of the second
conductive layer 420 may be variously modified.
[0102] A clamping portion 424, which is connected to
at least a portion of a driving terminal (640 of FIG. 6A) of
a driver, may be arranged between the adjacent second
conductive layers 420a and 420b included in the second
conductive layer 420. A clamping portion 424 may be
formed on the third insulating film 333 to fully overlap with
the third insulating film 333 in a plan view The clamping
portion 424 includes an undercut 425 formed in the ad-
jacent second conductive layers 420a and 420b.
[0103] The undercut 425 may be provided by forming
the first conductive portion 421, the second conductive
portion 422, and the third conductive portion 423 to have
different widths. The undercut 425 may be formed in the
second conductive portion 422 where a width W2 of the
second conductive portion 422 is narrower than a width
W1 of the first conductive portion 421 and a width W3 of
the third conductive portion 423 by from about 1 mm to
about 20 mm. The width W1 of the first conductive portion
421 may be substantially equal to the width W3 of the
third conductive portion 423.
[0104] The second conductive layer 420 may be pat-
terned by an etching process. When the second conduc-
tive layer 420 is etched, an etch rate of the first conductive
portion 421 and the third conductive portion 423 may be
different from an etch rate of the second conductive por-
tion 422. For example, an etch rate of the second con-
ductive portion 422 including Al may be larger than an
etch rate of the first conductive portion 421 and the third
conductive portion 423 each including Ti. Accordingly,
the undercut 425 may be formed on opposite sidewalls
of the adjacent second conductive layers 420a and 420b
so that the second conductive portion 422 has a recessed
portion.
[0105] The driving terminal (640 of FIG. 6A) of the driv-
er may be strongly connected to the pad 401 having the
above-described structure.
[0106] FIG. 6A is a cross-sectional view illustrating a
state before the driving terminal 640 is connected to the
pad 401 of FIG. 5, and FIG. 6B is a cross-sectional view
illustrating a state when the driving terminal 640 is con-
nected to the pad 401 of FIG. 6A.
[0107] Referring to FIG. 6A, a driving IC 610 may be
arranged above the pad 401. A circuit pattern 620 may
be arranged under the driving IC 610. An insulating film
630 may cover a portion of the circuit pattern 620. The
driving terminal 640 may be electrically connected to the
circuit pattern 620. The driving terminal 640 includes a
bump 641. The bump 641 may include gold (Au), Cu,
and indium (In). A solder layer 642 may be further ar-
ranged at the tip of the bump 641. According to an em-
bodiment, the melting layer may be a solder layer 642.
[0108] An adhesive 650 may be arranged between the
pad 401 and the driving terminal 640. The adhesive 650
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may be a non-conductive film (NCF). The adhesive 650
may not include a conductive material. The adhesive 650
may provide an adhesive force between the pad 401 and
the driving terminal 640. The adhesive 650 may be ar-
ranged around a region where each pad 401 of the plu-
rality of pads 400 is connected to each driving terminal
640 corresponding thereto.
[0109] The attachment of the pad 401 and the bump
641 may be performed using a thermo-compression
bonding process. When a certain heat and pressure are
applied from above the driving IC 610 by using a thermo-
compression bonding process apparatus such as a hot
bar, the solder layer 642 provided in the bump 641 is
melted so that the pad 401 is electrically connected (or
bonded) to the driving terminal 640, as illustrated in FIG.
6B.
[0110] After the bonding, delamination may occur be-
tween the pad 401 and the driving terminal 640 due to
moisture absorption of the adhesive 650 arranged
around a region where each pad 401 of the plurality of
pad 400 is connected to the driving terminal 640 corre-
sponding thereto.
[0111] According to the present embodiment, since the
clamping portion 424 including the undercut 425 is ar-
ranged on the opposite sidewalls of the adjacent second
conductive layers 420a and 420b included in the second
conductive layer 420, each pad 401 of the pads 400 may
be tightly bonded to the driving terminal 640 correspond-
ing thereto.
[0112] During the bonding, the solder layer 642 pro-
vided in the bump 641 flows into the undercut 425 ar-
ranged on the opposite sidewalls of the adjacent second
conductive layers 420a and 420b. The solder layer 642
may fill a gap between the adjacent second conductive
layers 420a and 420b and may contact the opposite side-
walls of the adjacent second conductive layers 420a and
420b.
[0113] According to an embodiment, the solder layer
642 provided on the bump 641 may extend over a region
where the first conductive layer 410 contacts the second
conductive layer 420 and between the adjacent second
conductive layers 420a and 420b.
[0114] According to an embodiment, the solder layer
642 provided on the bump 641 may completely cover the
adjacent second conductive layers 420a and 420b.
[0115] According to an embodiment, each pad 401 is
in surface contact with the driving terminal 640 corre-
sponding thereto through the solder layer 642 provided
in the bump 641. Because the solder layer 642 fills the
undercut between adjacent second conductive layer
420a and 420b, a contact resistance between the pad
401 and the driving terminal 640 may be reduced.
[0116] Subsequently, if a curing process is performed,
the pad 401 may be strongly connected to the driving
terminal 640.
[0117] According to an embodiment, the pad 401 may
be modified to have various shapes as long as the melting
layer 642 provided in the bump 641 can fill the undercut

between the conductive layers.
[0118] FIG. 12 is a plan view of one pad according to
an embodiment and FIG. 13 is a cross-sectional view
taken along line XIII-XIII’ of FIG. 12. Referring to FIGS.
12 and 13, the second conductive layer 420 is formed in
one piece and has a removed portion at the center.
[0119] FIG. 14 is a plan view of one pad according to
an embodiment and FIG. 15 is a cross-sectional view
taken along line XV-XV’ of FIG. 14. Referring to FIGS.
14 and 15, a plurality of isolated second conductive layers
420 are arranged in a matrix configuration on the first
conductive layer 410.
[0120] FIG. 16 is a plan view of one pad according to
an embodiment and FIG. 17 is a cross-sectional view
taken along line XVII-XVII’ of FIG. 16. Referring to FIGS.
16 and 17, the second conductive layer 420 is formed as
a mesh shape and has a plurality of removed portions
arranged in a matrix shape on the first conductive layer
410.
[0121] Hereinafter, clamp portions connected to at
least a part of the driving terminal 640, according to var-
ious embodiments, will be described.
[0122] Referring to FIG. 7, a clamping portion 724,
which is connected to at least a portion of the driving
terminal 640, may be arranged between adjacent second
conductive layers 720a and 720b included in a second
conductive layer 720. The clamping portion 724 includes
an undercut 725 arranged on opposite sidewalls of the
adjacent second conductive layers 720a and 720b. The
first conductive layer 410 may be arranged on the same
plane as the gate electrode 308 of FIG. 3. The second
conductive layer 720 may be arranged on the same plane
as the source electrode 310 and the drain electrode 311
of FIG. 3.
[0123] The second conductive layer 720 may be a sin-
gle film or a multi-layer film. For example, the second
conductive layer 720 includes a conductive portion of at
least one layer. The undercut 725 may correspond to a
region where the sidewall of the second conductive layer
720 is inclined.
[0124] According to an embodiment, the second con-
ductive layer 720 may have a reverse tapered shape.
[0125] Referring to FIG. 8, a clamping portion 824 may
be arranged between adjacent second conductive layers
820a and 820b included in a second conductive layer
820. The clamping portion 824 includes an undercut 825
arranged on opposite sidewalls of the adjacent second
conductive layers 820a and 820b.
[0126] The second conductive layer 820 includes a
conductive portion of at least one layer. The undercut
825 may correspond to a region where the sidewall of
the second conductive layer 820 is curved.
[0127] Referring to FIG. 9, a clamping portion 924 may
be arranged between adjacent second conductive layers
920a and 920b included in a second conductive layer
920. The clamping portion 924 includes an undercut 925
arranged on opposite sidewalls of the adjacent second
conductive layers 920a and 920b.
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[0128] The second conductive layer 920 includes a
conductive portion of at least one layer. The undercut
925 may correspond to a region where the sidewall of
the second conductive layer 920 is curved.
[0129] Unlike in FIG. 8A, a third conductive layer 930
may be further arranged above the second conductive
layer 920. The first conductive layer 410 may be arranged
on the same plane as a gate electrode 308 of FIG. 11.
The second conductive layer 920 may be arranged on
the same plane as a second capacitor electrode CE2 of
FIG. 11. The third conductive layer 930 may be arranged
on the same plane as a source electrode 310 and a drain
electrode 311 of FIG. 11.
[0130] According to an embodiment, the first to third
conductive layers 410, 920, and 930 may be variously
modified by combining a plurality of electrodes selected
from among the gate electrode 308, the source electrode
310, the drain electrode 311, the capacitor electrodes
CE1 and CE2, the first electrode 313, and the second
electrode 315 of FIGS. 3 and 11.
[0131] Referring to FIG. 10, a third conductive layer
1030 may be further arranged above a second conduc-
tive layer 1020. A clamping portion 1024 may be arranged
between adjacent second conductive layers 1020a and
1020b included in the second conductive layer 1020. The
clamping portion 1024 includes an undercut 1025 ar-
ranged on opposite sidewalls of the adjacent second con-
ductive layers 1020a and 1020b.
[0132] The second conductive layer 1020 includes a
conductive portion of at least one layer. The undercut
1025 may correspond to a region where a width W2 of
the second conductive layer 1020 is different from a width
W3 of the third conductive layer 1030. The width W2 of
the second conductive layer 1020 may be narrower than
the width W3 of the third conductive layer 1030.
[0133] The first conductive layer 1010 may be ar-
ranged on the same plane as the gate electrode 308 of
FIG. 11. The second conductive layer 1020 may be ar-
ranged on the same plane as the second capacitor elec-
trode CE2 of FIG. 11. The third conductive layer 1030
may be arranged on the same plane as the source elec-
trode 310 and the drain electrode 311 of FIG. 11.
[0134] According to an embodiment, the first to third
conductive layers 1010, 1020, and 1030 may be variously
modified by combining a plurality of electrodes selected
from the gate electrode 308, the source electrode 310,
the drain electrode 311, the capacitor electrodes CE1
and CE2, the first electrode 313, and the second elec-
trode 315 of FIGS. 3 and 11.
[0135] As described above, the display apparatus ac-
cording to one or more embodiments is capable of im-
proving a connection force between the pad and the driv-
ing terminal. Therefore, it is possible to improve connec-
tion reliability between the pad and the driving terminal.
[0136] It should be understood that embodiments de-
scribed herein should be considered in a descriptive
sense only and not for purposes of limitation. Descrip-
tions of features or aspects within each embodiment

should typically be considered as available for other sim-
ilar features or aspects in other embodiments.
[0137] While one or more embodiments have been de-
scribed with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes
in form and details may be made therein without depart-
ing from the scope as defined by the following claims.

Claims

1. A display apparatus comprising:

a display substrate (301); and
a plurality of pads (400, 401) arranged above
the display substrate (301),
wherein each of the plurality of pads (400, 401)
comprises:

a first conductive layer (410), at least a por-
tion of which is covered by an insulating film
(333);
at least a second conductive layer (420,
720, 820, 920, 1020) arranged above the
first conductive layer (410);
characterized by
a clamping portion (424, 724, 824, 924,
1024) formed in the at least one second con-
ductive layer.

2. The display apparatus of claim 1, wherein
a plurality of second conductive layers (420a, 420b,
720a, 720b, 820a, 820b, 920a, 920b, 1020a, 1020b)
is provided, and
the second conductive layers (420a, 420b, 720a,
720b, 820a, 820b, 920a, 920b, 1020a, 1020b) are
spaced apart from one another above the first con-
ductive layer (410).

3. The display apparatus of claim 2, wherein
the insulating film (333) comprises a plurality of con-
tact holes (430, 431, 432) exposing top surfaces of
the first conductive layer (410), and
the plurality of second conductive layers (420a,
420b, 720a, 720b, 820a, 820b, 920a, 920b, 1020a,
1020b) are electrically connected to the first conduc-
tive layer (410) through the contact holes (430, 431,
432).

4. The display apparatus of claim 2 or 3, wherein
the clamping portion (424, 724, 824, 924, 1024) com-
prises an undercut (425, 725, 825, 925, 1025) ar-
ranged on opposite sidewalls of adjacent second
conductive layers (420a, 420b, 720a, 720b, 820a,
820b, 920a, 920b, 1020a, 1020b).

5. The display apparatus of claim 4, wherein
the second conductive layer (420a, 420b, 920a,
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920b, 1020a, 1020b) comprises conductive portions
of multiple layers, and
the undercut (425, 925, 1025) is provided by forming
the conductive portions of multiple layers to have
different widths.

6. The display apparatus of claim 5, wherein
the second conductive layer (420, 420a, 420b) com-
prises:

a first conductive portion (421) connected to the
first conductive layer (410);
a second conductive portion (422) arranged
above the first conductive portion (421); and
a third conductive portion (423) arranged above
the second conductive portion (422), and
the undercut (425) corresponds to a region
where a width (W2) of the second conductive
portion (422) is narrower than a width (W1) of
the first conductive portion (421) and a width
(W3) of the third conductive portion (423).

7. The display apparatus of claim 4, wherein
the second conductive layer (720, 720a, 720b) com-
prises a conductive portion of at least one layer, and
the undercut (724) corresponds to a region where a
sidewall of the second conductive layer (720, 720a,
720b) is inclined.

8. The display apparatus of claim 4, wherein
the second conductive layer (820, 920, 820a, 820b)
comprises a conductive portion of at least one layer,
and
the undercut (824, 924) corresponds to a region
where a sidewall of the second conductive layer
(820, 920, 820a, 820b) is curved.

9. The display apparatus of claim 8, further comprising:

a third conductive layer (930) arranged above
the second conductive layer (820, 920, 820a,
820b).

10. The display apparatus of claim 4, wherein
the second conductive layer (1020, 1020a, 1020b)
comprises a conductive portion of at least one layer,
the display apparatus further comprises a third con-
ductive layer (1030) arranged above the second con-
ductive layer (1020, 1020a, 1020b), and
a width (W2) of the second conductive layer (1020,
1020a, 1020b) in the undercut is narrower than a
width (W3) of the third conductive layer (1030).

11. The display apparatus of at least one of claims 1 to
10, further comprising:

a display panel (300) including:

at least one thin-film transistor (TFT) com-
prising a semiconductor active layer (303),
a gate electrode (308), a source electrode
(310), and a drain electrode (311) above the
display substrate (301);
an organic light-emitting display device
electrically connected to the thin-film tran-
sistor (TFT), the organic light-emitting dis-
play device comprising a first electrode
(313), an emission layer, and a second elec-
trode (315); and
an insulating film (333) of at least one layer
arranged between the thin-film transistor
(TFT) and the organic light-emitting display
device, and

the first conductive layer (410) is connected to
a wiring extending from any one of the gate elec-
trode (308), the source electrode (310), the drain
electrode (311), the first electrode (313), and the
second electrode (315), and the second conduc-
tive layer is arranged to have an island shape
above the first conductive layer (410).

12. The display apparatus of claim 11, wherein
the first conductive layer (410) is formed of a same
material as the gate electrode (308), and
the second conductive layer (420, 720, 820, 920,
1020) is formed of a same material as the source
electrode (310) and the drain electrode (311).

13. The display apparatus of claim 11 or 12, further com-
prising:

a third conductive layer (930, 1030) arranged
above the second conductive layer (920, 920a,
920b, 1020, 1020a, 1020b),
wherein the first to third conductive layers (410,
920, 920a, 920b, 1020, 1020a, 1020b, 930,
1030) are a combination of a plurality of elec-
trodes selected from the gate electrode (308),
the source electrode (310), the drain electrode
(311), the first electrode (313), and the second
electrode (315).

17 18 



EP 3 261 143 A1

11



EP 3 261 143 A1

12



EP 3 261 143 A1

13



EP 3 261 143 A1

14



EP 3 261 143 A1

15



EP 3 261 143 A1

16



EP 3 261 143 A1

17



EP 3 261 143 A1

18



EP 3 261 143 A1

19



EP 3 261 143 A1

20



EP 3 261 143 A1

21

5

10

15

20

25

30

35

40

45

50

55



EP 3 261 143 A1

22

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

