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DISPLAY SUBSTRATE, DISPLAY PANEL
AND DISPLAY DEVICE

[0001] The present invention claims priority of Chinese
Patent Application No. 201710378849.6 filed on May 25,
2017, the disclosure of which is hereby entirely incorporated
by reference.

TECHNICAL FIELD

[0002] Embodiments of the present invention relates to a
display substrate, a display panel, and a display device.

BACKGROUND

[0003] As shown in FIG. 1, in a known display substrate,
an effective display area is disposed in the middle of the
display base 10. On the left and right sides of the display
base 10, a first GOA (Gate On Array, a gate driving circuit
disposed on an array substrate) region and a second GOA
region are disposed the left side and the right side of the
display substrate, respectively. Due to the presence of the
GOA regions, a narrow frame design cannot be achieved.
And further, as the area of the GOA region is small, and the
number of TFTs (thin film transistors) and the number of
metal traces to be disposed in the GOA region are large, and
the probability of occurrence of defects in the GOA region,
such as ESD (electrostatic protection), disconnection, short-
ing circuit, and etc., is increased. When there is a serious
defect, the gate driving circuit in the GOA region cannot be
operated any more, thereby greatly reducing the production
yield and increasing the production cost.

SUMMARY

[0004] Embodiments of the present invention provide a
display substrate, a display panel, and a display device,
which solve the problem that the conventional display
device cannot realize a narrow frame, and cannot improve
yield rate due to defects occurring in the GOA (Gate On
Array) region of the gate drive circuit on the array substrate,
such as ESD (electrostatic protection).

[0005] Embodiments of the present invention provides a
display substrate, comprising a display base, the display
base provided with a first effective display region, and the
display base further comprising an N-row multi-column
pixel driving circuit disposed in the first effective display
area, N being an integer greater than 1; the display substrate
further comprising a bent portion disposed on at least one
side of the display base; the display substrate further com-
prising a gate driving circuit disposed on the bent portion;
the gate driving circuit configured to provide a gate driving
signal to the N rows pixel driving circuits disposed on the
first effective display region, respectively.

[0006] For example, in one embodiment, the gate driving
circuit comprise an N-stage gate driving unit; a b-th stage
gate driving unit on the bent portion is connected to a b-th
row pixel driving circuit on the display base through a b-th
row gate driving signal output line; the bent portion is
provided on a side of the display base; an angle between a
segment of the b-th row gate driving signal output line on the
bent portion and the side is within a predetermined angle
range; b is a positive integer less than or equal to N; and the
predetermined angle range is greater than 0° and less than
90°.
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[0007] For example, in one embodiment, the display sub-
strate further comprises an N-row multi-column pixel driv-
ing circuit; and the gate driving circuit disposed on the bent
portion is further configured to provide a gate driving signal
to the N rows of pixel driving circuits disposed on the bent
portion, respectively.

[0008] For example, in one embodiment, the gate driving
circuit disposed on the bent portion can comprise an N-stage
gate driving unit; the (2n-1)-th gate driving unit and the
2n-th stage gate driving unit are disposed in the same row;
the (2n-1)-th stage gate driving unit and the 2n-th stage gate
driving unit are disposed between the (2n-1)-th row pixel
driving circuit on the bent portion and the 2n-th row pixel
driving circuit on the bent portion; a gate driving signal
output terminal of the (2n-1)-th stage gate driving unit is
connected to the (2n-1)-th row pixel driving circuit on the
bent portion, and is configured to provide a gate driving
signal to the (2n-1)-th row pixel driving circuit on the bent
portion; a gate driving signal output terminal of the 2n-th
gate driving unit is connected to the 2n-th row pixel driving
circuit on the bent portion, and is configured to provide a
gate driving signal to the 2n-th row pixel driving circuit on
the bent portion; the (2n-1)-th stage gate driving unit is
further connected to the (2n-1)-th row pixel driving circuit
on the display base, and is configured to provide a gate
driving signal to the (2n-1)-th row pixel driving circuit on
the display base; the 2n-th gate driving unit is further
connected to the 2n-th row pixel driving circuit on the
display base, and is configured to provide a gate driving
signal to the 2n-th row pixel driving circuit on the display
base; and n is a positive integer and 2n is less than or equal
to N.

[0009] For example, in one embodiment, the display sub-
strate further comprises a light emitting layer covering the
N-rows and multi-column pixel driving circuits and the gate
driving circuit disposed on the bent portion.

[0010] For example, in one embodiment, the display sub-
strate further comprises a light emitting layer covering the
N-rows and multi-column pixel driving circuits disposed on
the bent portion.

[0011] Embodiments of the present invention further pro-
vides a display panel comprising the display substrate as
described above.

[0012] Embodiments of the present invention further pro-
vides a display device comprising the display panel as
described above.

[0013] In the display substrate, the display panel, and the
display device according to the embodiments of the present
invention, the gate driving circuit is disposed on the bent
portion (which is provided at a side of the display substrate),
thereby facilitating to achieve a narrow frame and to
increase area of a GOA region, such that more space is
provided for wiring, and shorting circuit of the GOA signal
lines or other adverse risks is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In order to clearly illustrate the technical solution
of the embodiments of the invention, 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 invention and thus are not limitative of
the invention.

[0015] FIG. 1 is a schematic view of a known display
substrate;
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[0016] FIG. 2A is a schematic structural view of a display
base and a first bent portion comprised in a display substrate
according to an embodiment of the present invention;
[0017] FIG. 2B is a schematic structural view illustrating
a gate driving circuit provided on a first bent portion
comprised in a display substrate according to an embodi-
ment of the present invention;

[0018] FIG. 2C is a schematic view illustrating a third bent
portion further provided on the basis of FIG. 2A;

[0019] FIG. 3 is a schematic view of a gate driving signal
output line for each stage of the gate driving unit comprised
in the gate driving circuit on the first bent portion of the
display substrate according to an embodiment of the present
invention; and

[0020] FIG. 4 is a structural view of a gate driving circuit
and a pixel driving circuit provided on a bent portion
comprised in a display substrate according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION

[0021] In order to make objects, technical details and
advantages of the embodiments of the invention apparent,
the technical solutions of the embodiment will be described
in a clearly and fully understandable way in connection with
the drawings related to the embodiments of the invention. It
is obvious that the described embodiments are just a part but
not all of the embodiments of the invention. Based on the
described embodiments herein, those skilled in the art can
obtain other embodiment(s), without any inventive work,
which should be within the scope of the invention.

[0022] Unless otherwise defined, technical terms or sci-
entific terms used herein shall be taken to mean the ordinary
meaning of one of ordinary skill in the art to which the
present invention pertains. The terms “first,” “second,” and
the like used in the present invention do not denote any
order, quantity, or importance, but are used to distinguish
different components. Similarly, the words “comprising” or
“including” and the like means that an element or object
existing in front of the term include elements or objects
existing after the term and their equivalents, but not exclude
other elements or objects. The term “Connecting” or “cou-
pling” and the like are not limited to physical or mechanical
connections, but can include electrical connections, whether
direct or indirect. The terms “up”, “down”, “left”, “right”
and etc. is only used to indicate the relative positional
relationship, and when the absolute positions of the objects
to be described are changed, the relative positional relation-
ship may also change accordingly.

[0023] A display substrate according to an embodiment of
the present invention comprises a display base, the display
base is provided with a first effective display region, and the
display base further comprises an N-row multi-column pixel
driving circuit disposed in the first effective display area, N
being an integer greater than 1; the display substrate further
comprises a bent portion disposed on at least one side of the
display base; the display substrate further comprises a gate
driving circuit disposed on the bent portion; the gate driving
circuit is configured to provide a gate driving signal to the
N rows of pixel driving circuits disposed on the first effec-
tive display region, respectively.

[0024] In the display substrate according to the embodi-
ment of the present invention, the gate driving circuit is
disposed on the bent portion (the bent portion is disposed on
a side of the display base), thereby facilitating a narrow
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frame and increasing area of a GOA (Gate On Array, a gate
driving circuit disposed on the array substrate) region, such
that more space is provided for wiring, and shorting circuit
of the GOA signal lines or other adverse risks is reduced.
[0025] In the embodiment of the present invention, by
increasing the width of the GOA region and bending the
GOA region to both sides of the display panel, the design of
the narrow frame is adopted, and the area of the GOA region
is increased.

[0026] For example, in actual operation, a first bent por-
tion can be provided on a left side of the display base, and/or
a second bent portion may be provided on a right side of the
display base; or a corresponding bent portion may be
provided on the upper side and/or the lower side of the
display base, respectively.

[0027] For example, the angle between each bent portion
and the display base can be 90°. And the angle can be 75°,
80° or other degrees, and the specific angle can be selected
according to actual conditions. However, it should be noted
that the angle between the bent portion and the display base
cannot be 180°.

[0028] The present invention will be described by taking
the first bent portion provided on the left side of the display
base as an example.

[0029] As illustrated in FIG. 2A, the display substrate
according to the embodiments of the present invention
comprises a display base 10, and the display base 10 is
provided with a first effective display area (not illustrated in
FIG. 1), and the display substrate further comprises an
N-row multi-column pixel driving circuit (not illustrated in
FIG. 1) disposed in the first effective display area; the
display substrate further comprises a first bent portion 11
disposed on a left side of the display base;

[0030] the display substrate further comprises a first gate
driving circuit (not illustrated in FIG. 1) disposed on the first
bent portion 11;

[0031] the first gate driving circuit is configured to provide
gate driving signals to the N rows of pixel driving circuits
disposed on the first effective display region, respectively.
[0032] In the embodiment of the display substrate illus-
trated in FIG. 2A, the first gate driving circuit comprises an
N-stage gate driving unit, and the first gate driving circuit
configured to provide gate driving signals to the pixel
driving circuit in the first effective display region is provided
on the first bent portion, so that there is no need to reserve
a GOA region for the first gate driving circuit on the display
base 10, thus the first effective display region can cover
almost the top side of the display base, which helps to
achieve narrow frame; and further, the area of the GOA
region can be increased, the risk of short circuit of GOA
signal lines or other defects of GOA can be greatly reduced.
[0033] Asillustrated in FIG. 2B, in the embodiment of the
display substrate of the present invention, the display sub-
strate comprises a first gate driving circuit disposed on the
first bent portion 11;

[0034] In FIG. 2B, reference numeral S1 is a first-stage
gate driving unit comprised in the first gate driving circuit;
and reference sign S2 is a second-level gate driving unit
comprised in the first gate driving circuit, and reference sign
S3 is the third stage gate driving unit comprised in the first
gate driving circuit is S3; reference sign SN is the Nth gate
driving unit comprised in the first gate driving circuit.
[0035] For example, in the embodiment of the present
invention, when the number of columns of the pixel driving
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circuits provided in the first effective display area of the
display substrate is relatively large, on the basis of the
embodiment illustrated in FIG. 2A and FIG. 2B, as illus-
trated in FIG. 2C, a second bent portion 12 can be disposed
on the right side of the display base 10, and a second gate
driving circuit (not illustrated in FIG. 2C) is disposed on the
second bent portion 12; the second gate driving circuit also
comprise an N-stage gate driving unit;

[0036] at this time, it is assumed that the number of
columns of the pixel driving circuits comprises in the first
effective display region is 2M columns (M is a positive
integer); gate driving signals are provided to the left M
column pixel driving circuit in the first effective display
region through the first gate driving circuit, and gate driving
signals are provided to the right M column pixel driving
circuit in the first effective display region through the second
gate driving circuit.

[0037] For example, in an embodiment of the present
invention, the gate driving circuit comprise an N-stage gate
driving unit;

[0038] the b-th stage gate driving unit on the bent portion
is connected to the b-th row pixel driving circuit on the
display base through the b-th row gate driving signal output
line;

[0039] the bent portion is provided on a side of the display
base; and
[0040] the angle between the segment of the b-th row gate

driving signal output line on the bent portion and the side is
within a predetermined angle range; b is a positive integer
less than or equal to N.

[0041] The predetermined angle range is greater than 0°
and less than 90°. For example, the angle between the
segment of the b-th row gate driving signal output line on the
bent portion and the side can be 45°.

[0042] In actual operation, each stage of gate driving units
disposed on the bent portions of the respective stages is
connected to the corresponding row pixel driving circuit on
the display base through a corresponding row gate driving
signal output lines. For example, in the embodiment of the
present invention, the segments of the corresponding row
gate driving signal output lines on the bent portion are
oblique, that is, the segments of the respective row gate
driving signal output lines on the bent portion are not
parallel to the top side or the bottom side of the display base.
Such a configuration is for obtaining a larger radius of
curvature, and to greatly improve the bending performance
of the gate driving signal output lines of each row where the
gate driving signal output lines are bent, so that the respec-
tive row gate driving signal output lines are not easily
broken.

[0043] The gate driving signal output line in the embodi-
ment of the present invention has a larger radius of curvature
than the gate driving signal output line in the known arts.
According to the geometric principle, if the oblique angle is
45 degrees, the radius of curvature of the gate driving signal
output line in the embodiment of the present invention is
about 1.4 times the radius of curvature of the gate driving
signal output line in the known arts. Since the radius of
curvature of the signal line is determined under known
process conditions, the probability of breakage of the metal
trace (the gate driving signal output line is a metal trace) is
increased when a bending degree of the metal trace is greater
than the bending degree corresponding to the radius of
curvature. With the oblique segment design of the embodi-
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ment of the present invention, the radius of curvature can be
increased by 40%, which greatly improves the bending
performance of the curved portion of the display panel.
[0044] As illustrated in FIG. 3, on the basis of the display
substrate illustrated in FIG. 2B, the first-stage gate driving
unit 51 comprised in the first gate driving circuit on the first
bent portion 11 is connected to the first row pixel driving
circuit on the display base through a first row gate driving
signals output line GL1 (the display base and the first row
pixel driving circuit are not shown in FIG. 3);

[0045] the second gate driving unit S2 comprised in the
first gate driving circuit on the first bent portion 11 is
connected to the second row pixel driving circuit (not
illustrated in FIG. 3) on the display base through the second
row gate driving gate signals output line GL2;

[0046] the N-th gate driving unit SN comprised in the first
gate driving circuit on the first bent portion 11 is connected
to the N-th row pixel driving circuit (not illustrated in FIG.
3) on the display base through the N-th row gate driving gate
signals output line GLN.

[0047] As can be seen from FIG. 3, the segments of the
respective gate driving signal output lines on the first bent
portion 11 are oblique, so that good bending characteristics
can be obtained.

[0048] For example, the display substrate further com-
prises an N-row multi-column pixel driving circuit disposed
on the bent portion; the gate driving circuit disposed on the
bent portion is further configured to provide gate driving
signals to the N row pixel driving circuit disposed on the
bent portion, respectively.

[0049] That is, in the embodiment of the present invention,
the effective display area is also provided on the bent
portion, and the display area is correspondingly increased.
[0050] For example, on the basis of the display substrate
illustrated in FIG. 2C, a second effective display area can be
provided on the first bent portion 11, and a third effective
display area can be provided on the second bent portion 12.
[0051] For example, the gate driving circuit disposed on
the bent portion can comprise an N-stage gate driving unit;
[0052] the (2n-1)-th gate driving unit and the 2n-th stage
gate driving unit are disposed in the same row;

[0053] the (2n-1)-th stage gate driving unit and the 2n-th
stage gate driving unit are disposed between the (2n-1)-th
row pixel driving circuit on the bent portion and the 2n-th
row pixel driving circuit on the bent portion;

[0054] a gate driving signal output terminal of the (2n-1)-
th stage gate driving unit is connected to the (2n-1)-th row
pixel driving circuit on the bent portion, and is configured to
provide a gate driving signal to the (2n-1)-th row pixel
driving circuit on the bent portion;

[0055] a gate driving signal output terminal of the 2n-th
gate driving unit is connected to the 2n-th row pixel driving
circuit on the bent portion, and is configured to provide a
gate driving signal to the 2n-th row pixel driving circuit on
the bent portion;

[0056] The (2n-1)-th stage gate driving unit is further
connected to the (2n-1)-th row pixel driving circuit on the
display base, and is configured to provide a gate driving
signal to the (2n-1)-th row pixel driving circuit on the
display base;

[0057] The 2n-th gate driving unit is further connected to
the 2n-th row pixel driving circuit on the display base, and
is configured to provide a gate driving signal to the 2n-th
row pixel driving circuit on the display base;
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[0058] n is a positive integer and 2n is less than or equal
to N.
[0059] As illustrated in FIG. 4, when both the gate driving

circuit and the pixel driving circuit are disposed on the first
bent portion (not illustrated in FIG. 4), FIG. 4 just illustrates
the four-stage gate driving units comprised in the gate
driving circuit and 4-row-6-column pixel driving circuit
disposed on the first bent portion;

[0060] In FIG. 4, all the column pixel driving circuits in
the first row disposed on the first bent portion are connected
to the first-stage gate driving unit through the first row gate
driving signal output line GL.1;

[0061] All the column pixel driving circuits in the second
row disposed on the first bent portion are connected to the
second-stage gate driving unit through the second row gate
driving signal output line GL.2;

[0062] All the column pixel driving circuits in the third
row disposed on the first bent portion are connected to the
third-stage gate driving unit through the third row gate
driving signal output line GL3;

[0063] All the column pixel driving circuits in the fourth
row disposed on the first bent portion are connected to the
fourth-stage gate driving unit through the fourth row gate
driving signal output line GL4;

[0064] The first stage gate driving unit and the second
stage gate driving unit are disposed in the same row, and
both the first stage gate driving unit and the second stage
gate driving unit are disposed between all the all column
pixel driving circuits in the first row and all the column pixel
driving circuits in the second row;

[0065] The third-stage gate driving unit and the fourth-
stage gate driving unit are located in the same row, and both
the third-stage gate driving unit and the fourth-stage gate
driving unit are disposed between all the all column pixel
driving circuits in the third row and all the column pixel
drive circuits in the fourth row.

[0066] In FIG. 4, VSS is the first low level, VGL is the
second low level, VDD is the first high level, VGH is the
second high level, CLK is the clock signal, and STV is the
start signal.

[0067] In actual operation, the arrangement of the gate
driving unit and the pixel driving circuit on the bent portion
as illustrated in FIG. 4 is adopted, which facilitates wiring
and reasonable circuit arrangement.

[0068] In FIG. 4, only one arrangement of the pixel
driving circuit and the gate driving circuit on the bent
portion is illustrated. In actual operation, other arrangements
can be adopted, which are not limited herein.

[0069] For example, the display substrate according to the
embodiment of the present invention further comprises a
light emitting layer covering the N-rows and multi-column
pixel driving circuits and the gate driving circuit disposed on
the bent portion. The arrangement of the light-emitting layer
is relatively simple, and it is not necessary to arrange the
light-emitting layer so as to make the light-emitting layer not
overlap the gate drive circuit.

[0070] For example, the display substrate according to the
embodiment of the present invention further comprises a
light emitting layer covering the N-rows and multi-column
pixel driving circuits disposed on the bent portion. In actual
operation, the light-emitting layer can non-overlap the gate
driving circuit, and does not affect the gate driving circuit
due to coupling.
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[0071] A display panel according to embodiments of the
present invention comprises a display substrate as men-
tioned above.

[0072] A display device according to embodiments of the
present invention comprises a display panel as mentioned
above.

[0073] The foregoing are merely exemplary embodiments
of the invention, but are not used to limit the protection
scope of the invention. The protection scope of the invention
shall be defined by the attached claims.

1. A display substrate, comprising a display base, the
display base provided with a first effective display region,
and the display base further comprising an N-row multi-
column pixel driving circuit disposed in the first effective
display area, N being an integer greater than 1; the display
substrate further comprising a bent portion disposed on at
least one side of the display base; the display substrate
further comprising a gate driving circuit disposed on the
bent portion; the gate driving circuit configured to provide a
gate driving signal to the N rows pixel driving circuits
disposed on the first effective display region, respectively.

2. The display substrate according to claim 1, wherein the
gate driving circuit comprise an N-stage gate driving unit;

a b-th stage gate driving unit on the bent portion is
connected to a b-th row pixel driving circuit on the
display base through a b-th row gate driving signal
output line;

the bent portion is provided on a side of the display base;

an angle between a segment of the b-th row gate driving
signal output line on the bent portion and the side is
within a predetermined angle range; b is a positive
integer less than or equal to N; and

the predetermined angle range is greater than 0° and less
than 90°.

3. The display substrate according to claim 1, wherein the
display substrate further comprises an N-row multi-column
pixel driving circuit; and

the gate driving circuit disposed on the bent portion is
further configured to provide a gate driving signal to
the N rows of pixel driving circuits disposed on the bent
portion, respectively.

4. The display substrate according to claim 3, wherein the
gate driving circuit disposed on the bent portion can com-
prise an N-stage gate driving unit;

the (2n-1)-th gate driving unit and the 2n-th stage gate
driving unit are disposed in the same row;

the (2n-1)-th stage gate driving unit and the 2n-th stage
gate driving unit are disposed between the (2n-1)-th
row pixel driving circuit on the bent portion and the
2n-th row pixel driving circuit on the bent portion;

a gate driving signal output terminal of the (2n-1)-th stage
gate driving unit is connected to the (2n-1)-th row pixel
driving circuit on the bent portion, and is configured to
provide a gate driving signal to the (2n-1)-th row pixel
driving circuit on the bent portion;

a gate driving signal output terminal of the 2n-th gate
driving unit is connected to the 2n-th row pixel driving
circuit on the bent portion, and is configured to provide
a gate driving signal to the 2n-th row pixel driving
circuit on the bent portion;

the (2n-1)-th stage gate driving unit is further connected
to the (2n-1)-th row pixel driving circuit on the display
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base, and is configured to provide a gate driving signal
to the (2n-1)-th row pixel driving circuit on the display
base;

the 2n-th gate driving unit is further connected to the 2n-th

row pixel driving circuit on the display base, and is
configured to provide a gate driving signal to the 2n-th
row pixel driving circuit on the display base; and

n is a positive integer and 2n is less than or equal to N.

5. The display substrate according to claim 4, wherein the
display substrate further comprises a light emitting layer
covering the N-rows and multi-column pixel driving circuits
and the gate driving circuit disposed on the bent portion.

6. The display substrate according to claim 4, wherein the
display substrate further comprises a light emitting layer
covering the N-rows and multi-column pixel driving circuits
disposed on the bent portion.

7. A display panel, comprising the display substrate
according to claim 1.

8. A display device, comprising the display panel accord-
ing to claim 7.

9. The display substrate according to claim 2, wherein the
display substrate further comprises an N-row multi-column
pixel driving circuit; and

the gate driving circuit disposed on the bent portion is

further configured to provide a gate driving signal to
the N rows of pixel driving circuits disposed on the bent
portion, respectively.

10. The display substrate according to claim 9, wherein
the gate driving circuit disposed on the bent portion can
comprise an N-stage gate driving unit;

the (2n-1)-th gate driving unit and the 2n-th stage gate

driving unit are disposed in the same row;
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the (2n-1)-th stage gate driving unit and the 2n-th stage
gate driving unit are disposed between the (2n-1)-th
row pixel driving circuit on the bent portion and the
2n-th row pixel driving circuit on the bent portion;

a gate driving signal output terminal of the (2n-1)-th stage
gate driving unit is connected to the (2n-1)-th row pixel
driving circuit on the bent portion, and is configured to
provide a gate driving signal to the (2n-1)-th row pixel
driving circuit on the bent portion;

a gate driving signal output terminal of the 2n-th gate
driving unit is connected to the 2n-th row pixel driving
circuit on the bent portion, and is configured to provide
a gate driving signal to the 2n-th row pixel driving
circuit on the bent portion;

the (2n-1)-th stage gate driving unit is further connected
to the (2n-1)-th row pixel driving circuit on the display
base, and is configured to provide a gate driving signal
to the (2n-1)-th row pixel driving circuit on the display
base;

the 2n-th gate driving unit is further connected to the 2n-th
row pixel driving circuit on the display base, and is
configured to provide a gate driving signal to the 2n-th
row pixel driving circuit on the display base; and

n is a positive integer and 2n is less than or equal to N.

11. The display substrate according to claim 10, wherein

the display substrate further comprises a light emitting layer
covering the N-rows and multi-column pixel driving circuits
and the gate driving circuit disposed on the bent portion.

12. The display substrate according to claim 10, wherein

the display substrate further comprises a light emitting layer
covering the N-rows and multi-column pixel driving circuits
disposed on the bent portion.
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