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(54) ELECTRICAL CONNECTION STRUCTURE, ARRAY SUBSTRATE AND DISPLAY DEVICE

(57) An electrical connection structure, an array sub-
strate and a display device. The electrical connection
structure (01) includes a first electrical connection com-
ponent (10), which includes: a conductive structure (11);
an insulating layer (12) covering the conductive structure
(11), where at least one first via hole (12a) and at least
one second via hole (12b) are disposed separately in the
insulating layer (12), each first via hole (12a) and each
second via hole (12b) expose a respective part of a sur-
face of the conductive structure (11) respectively; along
a surface where the insulating layer (12) is disposed, an

opening size of each first via hole (12a) is larger than an
opening size of each second via hole (12b); and a con-
ductive connection layer (13) disposed on the insulating
layer (12) and covering the at least one first via hole (12a)
and the at least one second via hole (12b), where the
conductive connection layer (13) and the conductive
structure (11) are electrically connected with each other
through the at least one first via hole (12a) and the at
least one second via hole (12b). The electrical connection
structure (01) can reduce undercut phenomena that oc-
cur at via holes in the insulating layer (12).
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Description

TECHNICAL FIELD

[0001] At least one embodiment of the present disclo-
sure relates to an electrical connection structure, an array
substrate and a display device.

BACKGROUND

[0002] With the rapid development of display technol-
ogy, display devices have been spread throughout the
life of people gradually.
[0003] A liquid crystal display device is one of main-
stream display devices. The liquid crystal display device
comprises an array substrate and an opposite substrate
(for example, a color filter substrate) disposed opposite
to each other, and a liquid crystal layer disposed between
the array substrate and the opposite substrate. The array
substrate is provided with a display area, and a driving
component, for example, a driving IC (Integrated Circuit),
is disposed outside the display area of the array sub-
strate. The driving component can be disposed on the
array substrate, or it can also be disposed outside the
array substrate and connected with the array substrate
through, for instance, a flexible printed circuit board. A
plurality of signal lines (for example, gate lines and data
lines that extend across with each other) are disposed
on the array substrate. These signal lines extend from
the display area of the array substrate and are usually
electrically connected with the flexible printed circuit
board disposed outside the display area, to achieve sig-
nal transmission between the array substrate and the
driving component.

SUMMARY

[0004] At least one embodiment of the present disclo-
sure provides an electrical connection structure, an array
substrate and a display device. In the premise of ensuring
low resistance, the risk of signal transmission disconnec-
tion between the conductive structure and other compo-
nent caused by an undercut at a via hole in the insulating
layer is reduced.
[0005] At least one embodiment of the present disclo-
sure provides an electrical connection structure. The
electrical connection structure comprises a first electrical
connection component. The first electrical connection
component comprises a conductive structure; an insu-
lating layer covering the conductive structure, where at
least one first via hole and at least one second via hole
are disposed separately in the insulating layer, each first
via hole and each second via hole expose a respective
part of a surface of the conductive structure respectively;
along the surface where the insulating layer is disposed,
an opening size of each first via hole is larger than an
opening size of each second via hole; and a conductive
connection layer disposed on the insulating layer and

covering the at least one first via hole and the at least
one second via hole, where the conductive connection
layer and the conductive structure are electrically con-
nected with each other through the at least one first via
hole and the at least one second via hole.
[0006] At least one embodiment of the present disclo-
sure further provides an array substrate comprising the
electrical connection structure mentioned above.
[0007] At least one embodiment of the present disclo-
sure further provides a display device comprising the ar-
ray substrate mentioned above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In order to clearly illustrate the technical solution
of the embodiments of the disclosure, the drawings of
the embodiments will be briefly described in the following;
it is obvious that the described drawings are only related
to some embodiments of the disclosure and thus are not
limitative of the disclosure.

Fig. 1a is a connection schematic view of an array
substrate and a driving component;
Fig. 1b is a cross-sectional schematic view of a part
of a signal line that is disposed outside the array
substrate;
Fig. 2a is a cross-sectional schematic view of an
electrical connection structure according to an em-
bodiment of the present disclosure;
Fig. 2b is a top schematic view of a first electrical
connection component of the electrical connection
structure according to an embodiment of the present
disclosure;
Fig. 3 is a cross-sectional schematic view of parts of
an array substrate according to an embodiment of
the present disclosure.

DETAILED DESCRIPTION

[0009] In order to make objects, technical details and
advantages of the embodiments of the disclosure appar-
ent, the technical solutions of the embodiments will be
described in a clearly and fully understandable way in
connection with the drawings related to the embodiments
of the disclosure. Apparently, the described embodi-
ments are just a part but not all of the embodiments of
the disclosure. Based on the described embodiments
herein, those skilled in the art can obtain other embodi-
ment(s), without any inventive work, which should be
within the scope of the disclosure.
[0010] Unless otherwise defined, all the technical and
scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art
to which the present disclosure belongs. The terms "first,"
"second," etc., which are used in the description and the
claims of the present application for disclosure, are not
intended to indicate any sequence, amount or impor-
tance, but distinguish various components. Also, the
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terms such as "a," "an," etc., are not intended to limit the
amount, but indicate the existence of at least one. The
terms "comprise," "comprising," "include," "including,"
etc., are intended to specify that the elements or the ob-
jects stated before these terms encompass the elements
or the objects and equivalents thereof listed after these
terms, but do not preclude the other elements or objects.
The phrases "connect", "connected", etc., are not intend-
ed to define a physical connection or mechanical con-
nection, but may include an electrical connection, directly
or indirectly. "On," "under," "right," "left" and the like are
only used to indicate relative position relationship, and
when the position of the object which is described is
changed, the relative position relationship may be
changed accordingly.
[0011] Fig. 1a is a connection schematic view of an
array substrate and a driving component. As shown in
Fig. 1a, an array substrate 1 and a driving component 4
are connected through a flexible printed circuit board 3.
A plurality of signal lines 2 extending from a display area
(a dashed box as shown in Fig. 1a) of the array substrate
1 are electrically connected with the flexible printed circuit
board 3.
[0012] Fig. 1b is a cross-sectional schematic view of a
part of a signal line, which is disposed outside the array
substrate. As shown in Fig. 1b, a non-metal layer 5 (for
example, formed from an insulating material) is disposed
on the signal line 2. The non-metal layer 5 is used for
preventing the signal line 2 from being oxidized. A via
hole 5a exposing part of a surface of the signal line 2 is
disposed in the non-metal layer 5. A conductive connec-
tion layer 6 (for example, formed from a transparent metal
oxide material) is disposed on the non-metal layer 5. The
conductive connection layer 6 covers the via hole 5a in
the non-metal layer 5 to prevent the part of the surface
of the signal line 2 that is exposed by the via hole 5a from
being oxidized. The conductive connection layer 6 is
electrically connected with the driving component 4 (not
shown in Fig.1b) and is electrically connected with the
signal line 2 through the via hole 5a. Thus, the driving
component 4 and the signal line 2 are electrically con-
nected together.
[0013] In research, the inventors of the present appli-
cation noticed that the conductive connection layer 6 and
a transparent electrode on the array substrate are usually
disposed in a same layer, and the conductive connection
layer 6 is commonly formed from a transparent metal
oxide material (for example, indium tin oxide) or the like.
Due to the resistivity of the transparent metal oxide ma-
terial is large, the size of the via hole 5a in the non-metal
layer 5 is large, so as to increase the contact area of the
conductive connection layer 6 and the signal line 2 as
much as possible, and thus to reduce the resistance of
the conductive connection layer 6 as much as possible.
Because there are many high temperature processes in
the fabricating process of the display device and the in-
consistency of thermal expansion and contraction of the
signal line 2, the non-metal layer 5 disposed on the signal

line 2 and the conductive connection layer 6, a undercut
is prone to occur at the via hole 5a; that is, the conductive
connection layer 6 breaks easily at the stair of the via
hole 5a. And due to the stress, the signal line 2 also
breaks easily at the stair of the via hole 5a where the
signal line 2 and the conductive connection layer 6 con-
tact with each other, which results in the disconnection
of the signal transmission between the flexible printed
circuit board and the array substrate. Thus, an open cir-
cuit is formed, and thus, abnormal phenomena such as
bright line and abnormal light occur.
[0014] At least one embodiment of the present disclo-
sure provides an electrical connection structure 01. As
shown in Fig. 2a and Fig. 2b, the electrical connection
structure 01 comprises a first electrical connection com-
ponent 10. The first electrical connection component 10
comprises a conductive structure 11, an insulating layer
12 covering the conductive structure 11 and a conductive
connection layer 13 disposed on the insulating layer 12.
At least one first via hole 12a and at least one second
via hole are disposed separately in the insulating layer
12; each first via hole 12a and each second via hole 12b
expose part of a surface of the conductive structure 11
respectively. Along the surface where the insulating layer
12 is disposed, an opening size W1 of the first via hole
12a is larger than an opening size W2 of the second via
hole 12b. The conductive connection layer 13 disposed
on the insulating layer 12 covers the at least one first via
hole 12a and the at least one second via hole12b; and
the conductive connection layer 13 and the conductive
structure 11 are electrically connected together through
the at least one first via hole 12a and the at least one
second via hole 12b.
[0015] It should be noted that, the conductive structure
11 can be a conductive structure of any shape (for ex-
ample, a line shape or plate shape). Besides, the ar-
rangement of the first via hole and the second via hole
is not limited in embodiments of the present disclosure;
and the first via hole and the second via hole can be
arranged in any mode.
[0016] In an embodiment of the present disclosure, the
insulating layer 12 disposed on the conductive structure
11 can protect part of the surface of the conductive struc-
ture 11; and the conductive connection layer 13 can pro-
tect part of the surface of the conductive structure 11
exposed by the first via hole 12a and the second via hole
12b in the insulating layer 12. Through disposing the first
via hole 12a with a large opening size, a contact area
between the conductive connection layer 13 and the con-
ductive structure 11 is large, and thus this configuration
can ensure the resistance of the conductive connection
layer 13 is small. In an embodiment of the present dis-
closure, a contact area between the conductive connec-
tion layer 6 and the conductive structure 11 at a location
where the second via hole with a small opening size is
disposed is small; thus, a distance difference caused by
the thermal expansion and contraction is small, and a
undercut does not easily occur at the second via hole.
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Therefore, in the premise of ensuring the electrical con-
nection, compared with a mode that applies a plurality of
via holes of a same large size, in a mode that applies a
combination of the first via hole with a large opening size
and the second via hole with a small opening size ac-
cording to the embodiments of the present disclosure,
the second via hole with a small opening size can reduce
the risk of undercut caused by the inconsistency of ther-
mal expansion and contraction of different materials dis-
posed in different layers, can reduce the risk of undercut
at the via hole disposed in the insulating layer 12 that is
disposed on the conductive structure 11, and thus can
reduce the risk of signal transmission disconnection. Fur-
thermore, through disposing the second via hole 12b with
a small opening size, because the total amount of the via
holes in the insulating layer 12 is increased, the risk of
signal transmission disconnection between the conduc-
tive structure and other component (for example, driving
component) caused by the undercut at the via hole dis-
posed in the insulating layer 12 is decreased when com-
pared with the mode disposing one via hole exposing a
surface of the conductive structure on the conductive
structure,.
[0017] That is to say, the embodiments are suitable for
the electrical connection structure 01 in which the con-
ductive structure 11 can be protected by the insulating
layer 12 and the conductive connection layer 13, and the
resistance of the conductive connection layer 13 is re-
duced with the increasing of the contact area between
the conductive connection layer 13 and the conductive
structure 11. For example, the material of the conductive
structure 11 comprises a metal; and the material of the
conductive connection layer 13 comprises a conductive
metal oxide material.
[0018] In at least one embodiment, a ratio range of a
size of the second via hole 12b and a size of the first via
hole 12a is from 1:100 to 1:2. This configuration not only
can ensure the low resistance of the conductive connec-
tion layer 13, but also can reduce the risk of signal trans-
mission disconnection between the conductive structure
11 and other component caused by the undercut at the
via hole disposed in the insulating layer.
[0019] In at least one embodiment, a ratio range of a
quantity of the first via holes 12a and a quantity of the
second via holes 12b is from 1:100 to 1:1. In the embod-
iment, the quantity of the first via holes 12a that have a
large opening size is less than the quantity of the second
via holes 12b that have a small opening size. This con-
figuration facilitates arrangement of locations of the first
via hole 12a and the second via hole 12b, and in the
premise that the total number of via holes is fixed, the
risk of signal transmission disconnection between the
conductive structure 11 and other component caused by
the undercut is lowered compared with a mode that the
quantity of the first via holes is greater than the quantity
of the second via holes.
[0020] In an embodiment of the present disclosure, a
shape of the first via hole 12a at the surface where the

insulating layer 12 is disposed can be any shape such
as a polygon, a circle or an oval.
[0021] In an embodiment of the present disclosure, a
shape of the second via hole 12b at the surface where
the insulating layer 12 is disposed, can be any shape
such as a polygon, a circle or an oval.
[0022] In Fig. 2b, the shape of the first via hole 12a is
a quadrangle, and the shape of the second via hole 12b
is a circle, which is illustrated by way of examples. Em-
bodiments of the present disclosure comprise but are not
limited to this configuration.
[0023] As shown in Fig. 2a, the electrical connection
structure 01 according to at least one embodiment of the
present disclosure further comprises a second electrical
connection component 20. The second electrical con-
nection component 20 comprises a conductive coupling
portion 21. The conductive coupling portion 21 is electri-
cally connected with the conductive connection layer 13
of the first electrical connection component 10 so that
the second electrical connection component 20 and the
conductive structure 11 of first electrical connection com-
ponent 10 are electrically connected with each other.
[0024] In an embodiment of the present disclosure, the
conductive coupling portion 21 of the second electrical
connection component 20 and the conductive connection
layer 13 of the first electrical connection component 10
can be electrically connected with each other through
any way. For example, the conductive coupling portion
21 and the conductive connection layer 13 can be elec-
trically connected with each other through the first via
hole 12a and/or the second via hole 12b. This configu-
ration can avoid the influence on the conductive connec-
tion layer that is caused by application of a material with
a large resistivity such as a metal oxide. Of course, the
conductive coupling portion 21 can be electrically con-
nected with a part of the conductive connection layer 13
that is located outside the first via hole 12a and the sec-
ond via hole 12b. It should be noted that, Fig. 2a and Fig.
2b show only one conductive structure 11. In a situation
with a plurality of conductive structures, conductive con-
nection layers that are electrically connected with the
conductive structures respectively are separated from
each other to avoid electrically connection between the
conductive structures.
[0025] In at least one embodiment, the conductive cou-
pling portion 21 and the conductive connection layer 13
can be electrically connected with each other through a
conductive adhesive 30, as shown in Fig. 2a. In this con-
figuration, the conductive coupling portion 21 and the
conductive connection layer 13 can be sufficiently con-
tacted with each other. And in a case that the conductive
coupling portion 21 extends to the first via hole or the
second via hole and the conductive adhesive 30 is dis-
posed in the corresponding via hole, even if a undercut
occurs in this via hole, the conductive adhesive 30 can
also implement electrical connection between the con-
ductive coupling portion 21 and the conductive connec-
tion layer 13. Thus, the risk of signal transmission dis-
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connection between the conductive structure and other
component caused by the undercut at the via hole in the
insulating layer is further reduced.
[0026] It should be noted that, the conductive adhesive
30 can be instilled to the via hole in a conventional way
in the art, which is not repeated in embodiments of the
present disclosure.
[0027] For example, the second electrical connection
component 20 can be a flexible printed circuit board or
a driving component, for example, a driving IC.
[0028] If the second electrical connection component
20 is a flexible printed circuit board or a driving compo-
nent, the conductive coupling portion 21 of the second
electrical connection component 20 can be, for instance,
an electrode pin.
[0029] At least one embodiment of the present disclo-
sure further provides an array substrate 02 comprising
the electrical connection structure 01 according to any
one of the embodiments mentioned above.
[0030] Fig. 3 is a cross-sectional schematic view of
parts of an array substrate according to an embodiment
of the present disclosure. As shown in Fig. 3, the array
substrate 02 is provided with a display area. The first via
hole 12a and the second via hole 12b in the insulating
layer 12 are disposed outside the display area (i.e., dis-
posed in the peripheral area). Because signal lines such
as gate lines and data lines on the array substrate extend
from the display area and are electrically connected with
the flexible printed circuit board or the driving component
at the peripheral area, the undercut caused by the incon-
sistency of thermal expansion and contraction of different
materials disposed in different layers is prone to occur in
the peripheral area. Therefore, disposing the first via hole
and the second via hole with different opening sizes in
the insulating layer 12 at the peripheral area can reduce
the risk that the undercut occurs at via holes between
different materials disposed in different layers.
[0031] A metal layer (for example, a gate metal layer
71’ of a thin film transistor 70 where the gate electrode
71 is disposed, or a source/drain metal layer 73’ where
a source electrode 73 and a drain electrode 74 are dis-
posed) is disposed in the display area of the array sub-
strate 02. In at least one embodiment, the conductive
structure 11 of the electrical connection structure 01 and
the metal layer disposed in the display area can be dis-
posed in a same layer. For example, the material in the
peripheral area used for forming the gate electrode 71
can be reserved to form the conductive structure 11 in
the process when the gate electrode 71 is formed in the
display area. In this case, the conductive structure 11,
for instance, is a gate line or a gate line contact pad. Or,
for example, the material in the peripheral area used for
forming the source electrode 73 and the drain electrode
74 can be reserved to form the conductive structure 11
in the process when the source electrode 73 and the
drain electrode 74 are formed in the display area. In this
case, the conductive structure 11, for instance, is a data
line or a data line contact pad. Or, the conductive struc-

ture, for instance, is a common electrode line or a com-
mon electrode contact pad.
[0032] Commonly, one or more transparent electrode
layers are disposed in the display area of the array sub-
strate 02. By taking an array substrate of a liquid display
device as an example, a pixel electrode 75 or a pixel
electrode 75 and a common electrode 76 are disposed
in the array substrate. In this configuration, the one or
more transparent electrode layers can be a layer where
the pixel electrode 75 is disposed or layers where the
pixel electrode 75 and the common electrode 76 are dis-
posed.
[0033] In at least one embodiment, the conductive con-
nection layer 13 of the electrical connection structure
comprises a part that is disposed in a same layer with
the transparent electrode layer or a part that is disposed
on at least one layer of the one or more transparent elec-
trode layers. For example, the material in the peripheral
area used for forming the pixel electrode 75 can be re-
served to form the conductive connection layer 13 in the
process when the pixel electrode 75 is formed in the dis-
play area. Or, for example, the materials in the peripheral
area used for forming the pixel electrode 75 and the com-
mon electrode 76 can be reserved respectively to form
the conductive connection layer 13 in the process when
the pixel electrode 75 and the common electrode 76 are
formed in the display area.
[0034] It should be noted that, the structure of the thin
film transistor 70 in the array substrate 02 and the position
relationship of the pixel electrode 75 and the common
electrode 76 are not limited in embodiments of the
present disclosure. That is to say, in the thin film transistor
70, the gate electrode 71 can be disposed above or under
the active layer 72; the source electrode 73 and the drain
electrode 74 can be disposed under or above the active
layer 72; and the pixel electrode 75 and the common
electrode 76 can be disposed in a same layer or disposed
in different layers (the pixel electrode 75 can be disposed
above or under the common electrode 76). The array
substrate according to embodiments of the present dis-
closure can be an array substrate of another type such
as an OLED (Organic Light-Emitting Diode) array sub-
strate and the like, as long as it includes the electrical
connection structure according to any one of the embod-
iments mentioned above.
[0035] At least one embodiment of the present disclo-
sure further provides a display device comprising the ar-
ray substrate according to any one of the embodiments
mentioned above.
[0036] For example, the display device can be any
product or component having a display function such as
liquid crystal display panel, electronic paper, OLED pan-
el, mobile phone, tablet computer, television, display
screen, laptop computer, digital photo frame, navigator
or the like.
[0037] What are described above is related to the il-
lustrative embodiments of the disclosure only and not
limitative to the scope of the disclosure. Therefore, the
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scopes of the disclosure are defined by the accompany-
ing claims.
[0038] The present application claims the priority of the
Chinese Patent Application No. 201520566486,5 filed on
July 28, 2015, which is incorporated herein in its entirety
by reference as part of the disclosure of the present ap-
plication.

Claims

1. An electrical connection structure, comprising a first
electrical connection component, wherein the first
electrical connection component comprises:

a conductive structure;
an insulating layer covering the conductive
structure, wherein at least one first via hole and
at least one second via hole are disposed sep-
arately in the insulating layer, each first via hole
and each second via hole expose a respective
part of a surface of the conductive structure re-
spectively; along a surface where the insulating
layer is disposed, an opening size of each first
via hole is larger than an opening size of each
second via hole; and
a conductive connection layer disposed on the
insulating layer and covering the at least one
first via hole and the at least one second via
hole, wherein the conductive connection layer
and the conductive structure are electrically con-
nected with each other through the at least one
first via hole and the at least one second via hole.

2. The electrical connection structure according to
claim 1, wherein material of the conductive structure
comprises a metal; and material of the conductive
connection layer comprises a conductive metal ox-
ide material.

3. The electrical connection structure according to
claim 1 or claim 2, wherein a ratio range of a quantity
of the first via holes and a quantity of the second via
holes is from 1:100 to 1:1.

4. The electrical connection structure according to any
one of claims 1-3, wherein a ratio range of a size of
each second via hole and a size of each first via hole
is from 1:100 to 1:2.

5. The electrical connection structure according to any
one of claims 1-4, wherein,
at the surface where the insulating layer is disposed,
a shape of each first via hole and/or a shape of each
second via hole comprises a polygon, a circle or an
oval.

6. The electrical connection structure according to any

one of claims 1-5, further comprising a second elec-
trical connection component, wherein,
the second electrical connection component com-
prises a conductive coupling portion,
the conductive coupling portion of the second elec-
trical connection component and the conductive con-
nection layer of the first electrical connection com-
ponent are electrically connected with each other so
as to electrically connect the second electrical con-
nection component with the conductive structure of
the first electrical connection component.

7. The electrical connection structure according to
claim 6, wherein the second electrical connection
component is a flexible printed circuit board or a driv-
ing component.

8. The electrical connection structure according to
claim 6 or claim 7, wherein the conductive coupling
portion of the second electrical connection compo-
nent and the conductive connection layer of the first
electrical connection component are electrically con-
nected with each other through a conductive adhe-
sive.

9. An array substrate, comprising the electrical connec-
tion structure according to any one of claims 1-8.

10. The array substrate according to claim 9, wherein
the array substrate is provided with a display area,
and the at least one first via hole and the at least one
second via hole are disposed outside the display ar-
ea.

11. The array substrate according to claim 9, wherein,
the array substrate is provided with a display area,
a metal layer is disposed in the display area, and the
conductive structure of the electrical connection
structure and the metal layer are disposed in a same
layer.

12. The array substrate according to claim 9, wherein,
the array substrate is provided with a display area,
one or more transparent electrode layers are dis-
posed in the display area; the conductive connection
layer of the electrical connection structure comprises
a part that is disposed in a same layer with the trans-
parent electrode layer or at least one layer of the one
or more transparent electrode layers.

13. A display device, comprising the array substrate ac-
cording to any one of claims 9-12.
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