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LIQUID CRYSTAL DISPLAY PANEL AND
LIQUID CRYSTAL DISPLAY DEVICE FOR
IMPROVING DISPLAY BRIGHTNESS
UNIFORMITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of Chinese
patent application CN201610794236.6, entitled “Liquid
crystal display panel and liquid crystal display device for
improving display brightness uniformity” and filed on Aug.
31, 2016, the entirety of which is incorporated herein by
reference.

FIELD OF THE INVENTION

[0002] The present disclosure relates to the technical field
of liquid crystal display device, and in particular, to a liquid
crystal display panel and a liquid crystal display device for
improving display brightness uniformity.

BACKGROUND OF THE INVENTION

[0003] Liquid crystal display technology has entered a
stage of rapid development and the application of large sized
liquid crystal display device is becoming increasingly popu-
lar. However, with increase of a size of the liquid crystal
display screen, some display problems caused by the large
size thereof have attracted more and more attention, and
uneven display brightness distribution is one of the prob-
lems.

[0004] FIG. 1 schematically shows a structure of a display
panel of a liquid crystal display device in the prior art. As
shown in FIG. 1, a matrix located in a middle part is an
active area composed of pixel units. A data driving circuit
(Data ICs, also known as a source driving circuit) is pro-
vided above the active area and a gate driving circuit (Gate
1Cs) is provided on a left and/or right side of the active area,
so that the pixel units can receive image data and image
display can be realized. However, when the size of the liquid
crystal display panel is relatively large, the problem will
appear on the image displayed therein, such as an upper part
is brighter while a lower part is darker. That is, the display
brightness distribution of is non-uniform, as shown in FIG.
2. When the display brightness distribution is seriously
non-uniform, it may cause display defects.

[0005] The present disclosure proposes a solution to the
problems mentioned above, thereby improving display
brightness uniformity of the liquid crystal display device.

SUMMARY OF THE INVENTION

[0006] One of the technical problems to be solved by the
present disclosure is to provide a solution which can
improve display brightness uniformity of a liquid crystal
display device.

[0007] In order to solve the above problem, the embodi-
ments of the present disclosure provide a liquid crystal
display panel for improving display brightness uniformity.
The liquid crystal display panel comprises a display sub-
strate, which is provided with a pixel unit matrix, and
scanning lines and data lines arranged to be orthogonal and
corresponding to the pixel unit matrix, wherein the scanning
lines and data lines drive a pixel unit according to received
scan signals and data signals so as to display an image; a
source driving circuit, which is located on one side of the

Aug. 9, 2018

display substrate and transmits data signals to the data lines;
and a plurality groups of gate driving circuits, which are
located on one side of the display substrate perpendicular to
the side where the source driving circuit is located and
transmits scan signals to the scanning lines. Each group of
gate driving circuits comprises a gate driving chip and a
group of fan-out circuits connected to the gate driving chip,
and each of the fan-out circuits is connected to a corre-
sponding scanning line. Resistances of wirings of different
groups of fan-out circuits gradually increase along a direc-
tion away from the source driving circuit.

[0008] Preferably, resistances of each wirings of each
group of fan-out circuits first decrease and then increase, and
the resistances of the wirings in corresponding positions of
different groups of fan-out circuits gradually increase along
the direction away from the source driving circuit.

[0009] Preferably, the resistances of the wirings in corre-
sponding positions of different groups of fan-out circuits
gradually increase by a preset multiple along the direction
away from the source driving circuit.

[0010] Preferably, the multiple by which the resistances of
the wirings in corresponding positions of different groups of
fan-out circuits gradually increase is determined according
to the following equation:

[0011] wherein, t represents a multiple by which a resis-
tance of a wiring of an i”* group of fan-out circuits increases,
i=1,2, ..., m-1, m represents an amount of fan-out circuit
groups, m is a natural number larger than 1, R, ™ is a
maximum value of the resistance of the wiring of the fan-out
circuit, R, is a resistance of a gate wiring in an active area
of the display panel, and t,, . is an amplification multiple of
the resistance.

[0012] Preferably, t,, . is in a range from 0.01 to 0.03.
[0013] Preferably, widths of the wirings of different
groups of fan-out circuits gradually decrease along the
direction away from the source driving circuit.

[0014] Preferably, resistances of wirings of each group of
fan-out circuits are equal to one another, and the resistances
of the wirings in corresponding positions of different groups
of fan-out circuits gradually increase along the direction
away from the source driving circuit.

[0015] Preferably, the resistances of the wirings in corre-
sponding positions of different groups of fan-out circuits
gradually increase by a preset multiple along the direction
away from the source driving circuit.

[0016] Preferably, the multiple by which the resistances of
the wirings in corresponding positions of different groups of
fan-out circuits gradually increase is determined according
to following equation:

[0017] wherein, t, represents a multiple by which a resis-
tance of a wiring of an group of fan-out circuits increases,
i=1,2, ..., m-1, m represents an amount of fan-out circuit
groups, m is a natural number larger than 1. R, ™ is a
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maximum value of the resistance of the wiring of the fan-out
circuit, R, is a resistance of a gate wiring in an active area
of the display panel, t,, .. is an amplification multiple of the
resistance, and ¢, is in a range from 0.01 to 0.03.

[0018] The embodiment of the present application further
provides a liquid crystal display for improving display
brightness uniformity, which comprises the aforesaid liquid
crystal display panel.

[0019] Compared with the prior art, one embodiment or
more embodiments of the present disclosure can have the
following advantages or beneficial effects.

[0020] By adjusting a charging time of the gate driving
circuit to the scanning lines, charging time of the pixel unit
far from the source driving circuit is compensated, thereby
improving the display brightness uniformity in different
positions of the liquid crystal display panel.

[0021] Other advantages, objectives, and features of the
present disclosure will be further explained in the following
description, and partially become self-evident therefrom, or
be understood through the embodiments of the present
disclosure. The objectives and advantages of the present
disclosure will be achieved through the structure specifically
pointed out in the description, claims, and the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings provide further
understandings of the present disclosure or the prior art, and
constitute one part of the description. The drawings are used
for interpreting the present disclosure together with the
embodiments, not for limiting the present disclosure. In the
drawings:

[0023] FIG. 1 schematically shows a structure of a display
panel of a liquid crystal display device in the prior art;
[0024] FIG. 2 schematically shows a simulation test using
SPICE of the charging situation of a 55-inch ultra-high-
definition display panel;

[0025] FIG. 3 schematically shows a si transmission delay
on a scanning line and a data line;

[0026] FIG. 4 schematically shows a principle of compen-
sating the charging time according to one embodiment of the
present disclosure;

[0027] FIGS. 5¢ and 5b schematically show wirings of
fan-out circuits according to one embodiment of the present
disclosure; and

[0028] FIG. 6 schematically shows a simulation test using
SPICE of the charging situation of the 55-inch ultra-high-
definition display panel after compensating the charging
time according to the embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0029] The present disclosure will be explained in details
with reference to the embodiments and the accompanying
drawings, whereby it can be fully understood how to solve
the technical problem by the technical means according to
the present disclosure and achieve the technical effects
thereof, and thus the technical solution according to the
present disclosure can be implemented. As long as there is
no structural conflict, all the technical features mentioned in
all the embodiments may be combined together in any
manner, and the technical solutions obtained in this manner
all fall within the scope of the present disclosure.
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[0030] 1In FIG. 1, one driving chip SD_1 is only schemati-
cally shown in a source driving circuit while four groups of
gate driving circuits are shown, and each group of gate
driving circuits comprises one gate driving chip and a
fan-out circuit connected with the gate driving chip. As
shown in FIG. 1, the gate driving chips are GD_1, GD_2,
GD_3, and GD_4 respectively along a direction from SD_1
to far therefrom, and fan-out circuits corresponding to the
gate driving chips are respectively F1, F2, F3, and F4.
[0031] Output signals of the source driving circuit (which
outputs data signals) and the gate driving circuit (which
outputs scan signals) first respectively transmit through
wirings of respective fan-out circuits, and then transmit
through scanning lines and data lines to a pixel unit array of
a display panel. A delay exists in the scanning lines and data
lines during transmission of signal data, which is mainly
resulted from an RC delay of signal lines.

[0032] As shown in FIG. 3, the scanning lines (data lines)
can be equivalent to a one-stage low-pass filter comprising
one resistor and one capacitor, which results in RC delay
effect on signals, and thus output signals away from the
scanning lines (data lines) will have a waveform distortion
relative to input signals.

[0033] Display differences will be generated due to delay
or distortion of signal waveforms transmitted to different
positions in a pixel unit matrix. Specifically, the further the
pixel unit from the driving circuit, the more serious the
signal delay and/or the waveform distortion will be. Since
charging of the pixel unit depends on driving signals applied
by a gate and a source (a drain) of a thin film transistor
(TFT), charging situations of the pixels are not identical in
different positions in the pixel unit matrix on the panel,
thereby resulting in display difference.

[0034] It can be easily understood that, the RC delay on
the data lines is the largest on an opposite side of the source
driving circuit. If a turned-on time of each row of pixel units
is the same, the charging time of the pixel units at an upper
edge near the source driving circuit is longer than that of the
pixel units at a lower edge away from the source driving
circuit. The charging time of the pixel units on the opposite
side of the source driving circuit is the shortest. The panel is
brighter on one side thereof adjacent to the source driving
circuit, and is darker on the other side thereof away from the
source driving circuit. That is, the uneven brightness as
shown in FIG. 2 will be generated.

[0035] Therefore, according to one embodiment of the
present disclosure, a liquid crystal display panel is provided,
which compensates insufficient charging time caused by the
signal transmission delay. Specifically, the charging time of
each group of gate driving circuits to the pixel unit con-
nected thereto gradually increases along a direction away
from the source driving circuit.

[0036] As shown in FIG. 1, the charging time of the gate
driving circuit comprising GD_1 and F1 to the pixel umt
connected thereto is larger than that of the other groups of
gate driving circuits (GD_2 and F2, GD_3 and F3, and
GD_4 and F4). The charging time of the gate driving circuit
comprising GD_2 and F2 to the pixel unit connected thereto
is larger than that of the gate driving circuit comprising
GD_3 and F3, and that of the gate driving circuit comprising
GD_4 and F4. The charging time of the gate driving circuit
comprising GD_3 and F3 to the pixel unit connected thereto
is larger than that of the gate driving circuit comprising
GD__ 4 and F4.
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[0037] When the charging time of the gate driving circuit
to the pixel unit connected thereto increases along the
direction away from the source driving circuit, a turned-off
time of a transistor is postponed and the charging time of the
transistor is increased accordingly. As shown in FIG. 4,
waveform 1 shows a scanning signal when the charging time
of the gate scanning lines is not compensated and waveform
2 shows a scanning signal after charging time compensation
of the gate scanning lines. The comparison of the two
waveforms shows a charging compensation time in FIG. 4.
[0038] The transistor remains in a turned-on state during
the charging compensation time, and a data signal (wave-
form continues charging the pixel unit through the transistor
in the turned-on state during this period. Although the data
signal has a large lag due to transmission delay of the data
lines, the pixel unit can be charged to a preset electric
potential since the charging time of the transistor is pro-
longed, and the uneven brightness of the liquid crystal
display panel can be alleviated.

[0039] According to one embodiment of the present dis-
closure, the increase of the charging time for the pixel unit
can be achieved by increasing the resistance of the wiring.
Specifically, with respect to the gate driving circuit as shown
in FIG. 1, i.e., the circuit being formed by one gate driving
chip and one group of fan-out circuits connected to the gate
driving chip, by connecting the fan-out circuit to the corre-
sponding scanning line, the resistances of the wirings of
different groups of fan-out circuits are enabled to increase
gradually along a direction away from the source driving
circuit.

[0040] As shown in FIG. 1, when each wiring of the
fan-out circuit is separately processed by a special tech-
nique, the resistances of wirings of each group of fan-out
circuits first decrease and then increase. According to the
embodiment of the present disclosure, the resistances of the
wirings of different groups of fan-out circuits gradually
increase along a direction away from the source driving
circuit, i.e. the resistances of the wirings in corresponding
positions of different groups of fan-out circuits gradually
increase along the direction away from the source driving
circuit.

[0041] As shown in FIG. 5a, the resistances of the wirings
of the first group of gate driving circuits (GD_1 and F1) are
referred to as R',, R',, . . ., R/ in sequence along the
direction away from the source driving circuit. The resis-
tances of the wirings of the second group of gate driving
circuits ((GD_2 and F2) are referred to as R,*, R,%, ..., RY”
in sequence along the direction away from the source
driving circuit. Therefore, R,">R,*, R,>>R %, ..., R,">R,".
The relationships between the resistances of the wirings in
corresponding positions of the second group of gate driving
circuits and the third group of gate driving circuits (GD_3
and F3), and the third group of gate driving circuits and the
fourth group of gate driving circuits (GD_4 and F4) can be
deduced similarly.

[0042] Since the time of the transmission circuit delay (RC
delay) is determined by an RC time constant and the increase
of the resistance of the wiring connecting the circuits
corresponds to the increase of the value of R. Therefore, the
RC time constant can be increased, thereby compensating
the shortened pixel charging time due to the RC delay of the
data lines.

[0043] According to another embodiment of the present
disclosure, the resistances of the wirings in corresponding
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positions of different groups of fan-out circuits gradually
increase by a preset multiple along the direction away from
the source driving circuit.

[0044] As shown in FIG. 55, the resistance of the wiring
of the first group of fan-out circuits does not change and the
increased multiple thereof can be considered as 1. The
increased multiple of the second group of fan-out circuits is
t,, 1.e., the resistance of the wiring in a corresponding
position of the second group of fan-out circuits is a product
of t, and the resistance of the wiring in a corresponding
position of the first group of fan-out circuits. The increased
multiple of the third group of fan-out circuits is t,, i.e., the
resistance of the wiring in a corresponding position of the
third group of fan-out circuits is a product of t, and the
resistance of the wiring in the corresponding position of first
group of fan-out circuits. The increased multiple of the
fourth group of fan-out circuits is t5, i.e., the resistance of the
wiring in a corresponding position of the fourth group of
fan-out circuits is a product of t; and the resistance of the
wiring in the corresponding position of the first group of
fan-out circuits.

[0045] The above mentioned t, ~t, and t; are determined
by a following equation (1):

[0046] wherein, t; represents a multiple by which a resis-
tance of a wiring of an t” group of fan-out circuits increases,
i=1,2, ..., m-1, mrepresents an amount of fan-out circuit
groups, m is a natural number larger than 1, R, ™ is a
maximum value of the resistance of the wiring of the fan-out
circuit, R, is a resistance of a gate wiring in an active area
of the display panel, t,, . is an amplification multiple of the
resistance.

[0047] The amplification multiple t,, . of the resistance is
in a range from 0.01 to 0.03. The larger the t,, ., the more
obvious effect of improving brightness uniformity of the
panel, but the higher the requirements for the manufacturing
procedure. The equation (1) is applicable to a product
comprising a plurality of COFs.

[0048] Inpractice, the resistances of the wirings of the first
group of fan-out circuits can be determined in accordance
with prior design principles when the resistances of the
wirings are designed. Then, according to the embodiment of
the present disclosure, the resistances of wirings of the
second group of fan-out circuits, the third group of fan-out
circuits, and the fourth group of fan-out circuits away from
the source driving circuit in sequence gradually increase by
t,, t,, and t; times.

[0049] Moreover, the resistance of the wiring is related to
a size of a cross section thereof. Widths of the wirings
gradually decrease along the direction away from the source
driving circuit, and the resistance of the wiring can be
increased accordingly, thereby prolonging the charging time.
[0050] Further, according to other embodiment of the
present disclosure, by designing the wirings of each group of
fan-out circuits, such as increasing a length of each wiring
in a middle area of each group of fan-out circuits or
designing wirings on two sides thereof as double-layer
wirings, the resistances of each the wirings of each group of
fan-out circuits are enabled to be equal to one another, and

max
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the resistances of the wiring in corresponding positions of
different groups of fan-out circuits are enabled to increase
gradually along the direction away from the source driving
circuit, so that the purpose of prolonging the charging time
can be achieved.

[0051] Furthermore, when the resistances of the wirings of
each group of fan-out circuit are equal to one another, the
resistances of the wirings in corresponding positions of
different groups of fan-out circuits can be configured to
increase gradually by a preset multiple along the direction
away from the source driving circuit, whereby the brightness
uniformity of the liquid crystal display panel can be
improved.

[0052] FIG. 6 schematically shows a simulation test using
SPICE of the charging situation of the 55-inch ultra-high-
definition display panel after compensating the charging
time according to the above embodiment of the present
disclosure. It can be seen from FIG. 6 that, the charging
effect of the part of the panel away from the source driving
circuit is promoted and the overall brightness uniformity of
the panel is improved.

[0053] According to the embodiment of the present dis-
closure, the charging time of the pixel unit away from the
source driving circuit can be compensated by regulating the
charging time of the gate driving circuit to the scanning
lines, thereby improving the brightness uniformity in dif-
ferent positions of the liquid crystal display panel.

[0054] The present disclosure is particularly applicable to
a large size and non-GOA form liquid crystal display panel.
[0055] The above embodiments are described only for
better understanding, rather than restricting, the present
disclosure. Any person skilled in the art can make amend-
ments to the implementing forms or details without depart-
ing from the spirit and scope of the present disclosure. The
protection scope of the present disclosure shall be deter-
mined by the scope as defined in the claims.

1. A liquid crystal display panel for improving display
brightness uniformity, comprising:

a display substrate, which is provided with a pixel unit
matrix, and scanning lines and data lines arranged to be
orthogonal and corresponding to the pixel unit matrix,
wherein the scanning lines and data lines drive a pixel
unit according to received scan signals and data signals
so as to display an image;

a source driving circuit, which is located on one side of
the display substrate and transmits data signals to the
data lines; and

a plurality groups of gate driving circuits, which are
located on one side of the display substrate perpen-
dicular to the side where the source driving circuit is
located and transmits scan signals to the scanning lines,

wherein each group of gate driving circuits comprises a
gate driving chip and a group of fan-out circuits con-
nected to the gate driving chip, each of the fan-out
circuits is connected to a corresponding scanning line,
and resistances of wirings of different groups of fan-out
circuits gradually increase along a direction away from
the source driving circuit.

2. The liquid crystal display panel according to claim 1,
wherein resistances of wirings of each group of fan-out
circuits first decrease and then increase, and the resistances
of the wirings in corresponding positions of different groups
of fan-out circuits gradually increase along the direction
away from the source driving circuit.
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3. The liquid crystal display panel according to claim 2,
wherein the resistances of the wirings in corresponding
positions of different groups of fan-out circuits gradually
increase by a preset multiple along the direction away from
the source driving circuit.

4. The liquid crystal display panel according to claim 3,
wherein the multiple by which the resistances of the wirings
in corresponding positions of different groups of fan-out
circuits gradually increase is determined according to a
following equation:

wherein, t; represents a multiple by which a resistance of

a wiring of an i” group of fan-out circuits increases,

i=1, 2, ..., m=1, m represents an amount of fan-out

circuit groups, m is a natural number larger than 1,

R, is a maximum value of the resistance of the

witing of the fan-out circuit, R, is a resistance of a

gate wiring in an active area of the display panel, and
1,4 18 an amplification multiple of the resistance.

5. The liquid crystal display panel according to claim 4,
wherein t,__1is in a range from 0.01 to 0.03.

6. The liquid crystal display panel according to claim 1,
wherein widths of the wirings of different groups of fan-out
circuits gradually decrease along the direction away from
the source driving circuit.

7. The liquid crystal display panel according to claim 1,
wherein resistances of wirings of each group of fan-out
circuits are equal to one another, and the resistances of the
wirings in corresponding positions of different groups of
fan-out circuits gradually increase along the direction away
from the source driving circuit.

8. The liquid crystal display panel according to claim 7,
wherein the resistances of the wirings in corresponding
positions of different groups of fan-out circuits gradually
increase by a preset multiple along the direction away from
the source driving circuit.

9. The liquid crystal display panel according to claim 8,
wherein the multiple by which the resistances of the wirings
in corresponding positions of different groups of fan-out
circuits gradually increase is determined according to the
following equation:

wherein, t; represents a multiple by which a resistance of

a wiring of an i group of fan-out circuits increases,

=1, 2, ..., m-1, m represents an amount of fan-out

circuit groups, m is a natural number larger than 1,

R, is a maximum value of the resistance of the

wiring of the fan-out circuit, R_,,, is a resistance of a

gate wiring in an active area of the display panel, t,,,.
is an amplification multiple of the resistance, and t,,,,,
is in a range from 0.01 to 0.03.

10. The liquid crystal display panel according to claim 7,
wherein the resistances of the wirings of each group of
fan-out circuits are enabled to be equal to one another
through increasing a length of each wiring in a middle area
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of each group of fan-out circuits or designing wirings on two
sides thereof as double-layer wirings.

11. A liquid crystal display device, comprising a liquid
crystal display panel for improving display brightness uni-
formity, the liquid crystal display panel comprising:

a display substrate; which is provided with a pixel unit
matrix, and scanning lines and data lines arranged to be
orthogonal and corresponding to the pixel unit matrix,
wherein the scanning lines and data lines drive a pixel
unit according to received scan signals and data signals
so as to display an image;

a source driving circuit, which is located on one side of
the display substrate and transmits data signals to the
data lines; and

a plurality groups of gate driving circuits, which are
located on one side of the display substrate perpen-
dicular to the side where the source driving circuit is
located and transmits scan signals to the scanning lines;

wherein each group of gate driving circuits comprises a
gate driving chip and a group of fan-out circuits con-
nected to the gate driving chip, each of the fan-out
circuits is connected to a corresponding scanning line,
and resistances of wirings of different groups of fan-out
circuits gradually increase along a direction away from
the source driving circuit.

I I T T

Aug. 9, 2018



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS

CPCH%E=

L 5ER
HAh A TF 30k
ShEpEELE

E)

AFT-HATHREERFERENIUNREE TERIERERE
B, BRI TRERSEDRER , FIRIK) BN BRI B,
BRI B S FEMR RS R M — AR LB , TRAR B
B9 AR L Y BB PR I BRAR IR 3 SR SR BV 75 [0 F 4 18 . SRR EAR AT MER
TR EFRNENTESDIM,

REETHRNAREREE , ATREEREES SN

US20180224700A1

US15/326225 RiEH

RYIHHEEXBEARBRLF

RYITHEEXBRERERLT.

Y THEEXERRERNE.

YUE SHOUZHEN
GUO JINBO
WANG JINJIE

YUE, SHOUZHEN
GUO, JINBO
WANG, JINJIE

GO02F1/1335 G09G3/36 GO6T5/00

patsnap

2018-08-09

2016-12-22

GO02F1/133611 G09G3/3607 G09G3/3674 G09G3/3685 GO6T5/008 G09G3/3611 G09G2320/0626
GO02F1/1345 G09G3/36 G09G2300/0426 G09G2320/0223 G09G2320/0233

201610794236.6 2016-08-31 CN

US10175531

Espacenet USPTO

Charging compensation time


https://share-analytics.zhihuiya.com/view/95c8389c-d818-4269-9598-0fa82b2344c1
https://worldwide.espacenet.com/patent/search/family/058085653/publication/US2018224700A1?q=US2018224700A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180224700%22.PGNR.&OS=DN/20180224700&RS=DN/20180224700

