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A voltage compensation circuit includes a voltage detection
unit, a digital comparison correction unit, and a voltage
adjustment unit. The voltage detection unit detects input volt-
age of the gate driver and conducts the input voltage to the
digital comparison correction unit. The digital comparison
correction unit compares the input voltage with reference
voltage supplied by a controller for generating a correction
controlling signal and conducting the correction controlling
signal to the voltage adjustment unit. The voltage adjustment
unit adjusts the input voltage and outputs a target voltage
according to the correction controlling signal. The gate driver
conducts the target voltage to an LCD panel. In this way, a
scanning voltage conducted to a gate driver is adjusted.
Therefore, a voltage drop will not exist between output volt-
ages of different gate drivers, not only preventing mura from
occurring in the LCD panel but also improving display qual-
ity of the LCD panel.
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VOLTAGE COMPENSATION CIRCUIT OF
GATE DRIVER AND METHOD THEREOF
AND LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to the field of liquid
crystal display, and more particularly, to a voltage compen-
sation circuit of a gate driver and a method of voltage com-
pensation and a liquid crystal display device.

[0003] 2. Description of the Prior Art

[0004] As shown in FIG. 1, a timing controller 12 controls
source drivers 14 to drive data lines of a liquid crystal display
(LCD) panel 13 in a conventional LCD device. Also, the
timing controller 12 controls gate drivers 10 and 11 to drive
scan lines of the LCD panel 13. A VGH voltage is a gate
threshold voltage. The VGH voltage is inputted to the gate
drivers 10 and 11 through a trace line. Afterwards, the gate
drivers 10 and 11 conduct the VGH voltage to the LCD panel
13.

[0005] A resistor Rpl and a resistor Rp2 are trace resistors
between the gate drivers 10 and 11. Due to voltage loss of the
line resistors when the YOU voltage is conducted through the
trace line, a scan voltage conducted to the gate driver 10 is
different from a scan voltage conducted to the gate driver 11.
The voltage output by the gate driver 11 is smaller than the
voltage output by the gate driver 10. The voltage output by the
gatedriver 11 becomes VGH-AV When a narrow bezel is used
in the LCD panel 13, the width of the trace line will become
narrow Besides, the cross-sectional area of the LCD panel 13
will decrease, and the resistance per unit length will increase.
When the size of the LCD panel 13 increases, the trace line
will become longer. Moreover, the resistance of the resistor
Rpl and the resistance of the resistor Rp2 will increase.
According to the formula AV=IR when R becomes larger, AV
becomes larger as well. The voltage drop AV tends to cause
mura for the LCD panel 13, which will affect display quality
of the LCD panel 13.

SUMMARY OF THE INVENTION

[0006] An object of the present invention is to provide a
voltage compensation circuit of a gate driver and a method
thereof and an LCD device for adjusting a VGH voltage
conducted to different gate drivers. In this way, a voltage drop
will not exist between output voltages of the different gate
drivers, which not only prevents mura from occurring in the
LCD panel but also improves display quality.

[0007] According to the present invention, a voltage com-
pensation circuit of a gate driver, comprises: a voltage detec-
tion unit, for detecting an input voltage of the gate driver; a
digital comparison correction unit, for receiving a reference
voltage supplied by a controller disposed outside of the gate
driver and comparing the input voltage with the reference
voltage for generating a correction controlling signal; a volt-
age adjustment unit, for adjusting the input voltage and out-
putting a target voltage according to the correction control-
ling signal, and the gate driver outputting the target voltage to
a liquid crystal display (LCD) panel.

[0008] In one aspect of the present invention, the digital
comparison correction unit is an 1,C module, and the control-
ler communicates with the 1,C module through an I,C data
line.
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[0009] 1In another aspect of the present invention, the con-
troller is a timing controller, the cotrection controlling signal
is a digital controlling signal, the I,C module is compared for
obtaining a gain of the input voltage and the reference volt-
age, and the gain is converted into the digital controlling
signal by means of ADC (analog-digital converting).

[0010] In still another aspect of the present invention, the
voltage adjustment unit is an automatic gain adjustment unit,
the automatic gain adjustment unit comprises a first resistor,
an operational amplifier, and a second resistor, a first terminal
of the first resistor is connected to the I,C module, a first
terminal of the operational amplifier is connected to the input
voltage, a second terminal of the operational amplifier is
connected to ground through the second resistor, the second
terminal of the operational amplifier is also connected to a
second terminal of the first resistor, and a third terminal of the
operational amplifier is connected to a third terminal of the
first resistor.

[0011] In still another aspect of the present invention, the
operational amplifier is a non-inverting operational amplifier,
and the first resistor is a variable resistor which is pro-
grammed.

[0012] In yet another aspect of the present invention, the
automatic gain adjustment unit changes resistance of the first
resistor according to the correction controlling signal, the
operational amplifier outputs the target voltage according to a
formula related to the resistance of the first resistor, and the
formula is as follows:

V2=V1 (R1+R2)/R2

in which V1 denotes the input voltage, V2 denotes the target
voltage, R1 denotes the resistance of the first resistor, and R2
denotes resistance of the second resistor.

[0013] According to the present invention, a method of
voltage compensation for use in a gate driver comprises:
detecting an input voltage of the gate driver by using a voltage
detection unit and conducting, the input voltage to a digital
comparison correction unit; comparing the input voltage with
a reference voltage supplied by a controller disposed outside
of the gate driver by using the digital comparison correction
unit, to generate a correction controlling signal, and conduct-
ing the correction controlling signal to a voltage adjustment
unit; adjusting the input voltage by using the voltage adjust-
ment unit and outputting a target voltage according to the
correction controlling signal; outputting the target voltage by
using the gate driver to an LCD panel.

[0014] In one aspect of the present invention, the digital
comparison correction unit is an I,C module, the controller is
a timing controller, and the controller communicates with the
1,C module through an I,C data line, the correction control-
ling signal is a digital controlling signal, the 1,C module
obtains a gain of the input voltage and the reference voltage
by using a differential amplifier, and the gain is converted into
the digital controlling signal by means of ADC (analog-digi-
tal converting).

[0015] In another aspect of the present invention, the volt-
age adjustment unit is an automatic gain adjustment unit, the
automatic gain adjustment unit comprises a first resistor, an
operational amplifier, and a second resistor, a first terminal of
the first resistor is connected to the I,C module, a first termi-
nal of the operational amplifier is connected to the input
voltage, a second terminal of the operational amplifier is
connected to ground through the second resistor, the second
terminal of the operational amplifier is also connected to a
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second terminal of the first resistor, and a third terminal of the
operational amplifier is connected to a third terminal of the
first resistor, the automatic gain adjustment unit changes
resistance of the first resistor according to the correction
controlling signal, the operational amplifier outputs the target
voltage according to a formula related to the resistance of the
first resistor, and the formula is as follows:

V2=V1 (R1+R2)/R2

in which V1 denotes the input voltage, V2 denotes the target
voltage, R1 denotes the resistance of the first resistor, and R2
denotes resistance of the second resistor.

[0016] According to the present invention, a liquid crystal
display (LCD) device comprises: an LCD panel for display-
ing images; a gate driver for supplying driving voltage to the
LCD panel. The gate driver comprises a voltage compensa-
tion circuit. The voltage compensation circuit comprises: a
voltage detection unit, for detecting an input voltage of the
gate driver: a digital comparison correction unit, for receiving
a reference voltage supplied by a controller disposed outside
of the gate driver and comparing the input voltage with the
reference voltage for generating a correction controlling sig-
nal; a voltage adjustment unit, for adjusting the input voltage
and outputting a target voltage according to the correction
controlling signal, and the gate driver outputting the target
voltage to the LCD panel.

[0017] In one aspect of the present invention, the digital
comparison correction unit is an 1,C module, and the control-
ler communicates with the I,C module through an I,C data
line.

[0018] In another aspect of the present invention, the con-
troller is a timing controller, the correction controlling signal
is a digital controlling signal, the I,C module is compared for
to obtaining a gain of the input voltage and the reference
voltage, and the gain is converted into the digital controlling
signal by means of ADC (analog-digital converting).

[0019] In still another aspect of the present invention, the
voltage adjustment unit is an automatic gain adjustment unit,
the automatic gain adjustment unit comprises a first resistor,
an operational amplifier, and a second resistor, a first terminal
of the first resistor is connected to the I,C module, a first
terminal of the operational amplifier is connected to the input
voltage, a second terminal of the operational amplifier is
connected to ground through the second resistor, the second
terminal of the operational amplifier is also connected to a
second terminal of the first resistor, and a third terminal of the
operational amplifier is connected to a third terminal of the
first resistor.

[0020] In still another aspect of the present invention, the
operational amplifier is a non-inverting operational amplifier,
and the first resistor is a variable resistor which is pro-
grammed.

[0021] In yet another aspect of the present invention, the
automatic gain adjustment unit changes resistance of the first
resistor according to the correction controlling signal, the
operational amplifier outputs the target voltage according to a
formula related to the resistance of the first resistor, and the
formula is as follows:

V2=V1 R1+R2)/R2

in which V1 denotes the input voltage, V2 denotes the target
voltage, R1 denotes the resistance of the first resistor, and R2
denotes resistance of the second resistor.

[0022] Compared with the prior art, the present invention
has benefits that a voltage drop does not exist between the
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output voltages of the different gate drivers, which not only
prevents mura from occurring in the LCD panel but also
improves display quality of the LCD panel. This is because in
the present invention, the digital comparison correction unit
compares the input voltage of the gate driver detected by the
voltage detection unit with the reference voltage supplied by
the controller for generating the correction controlling signal.
The voltage adjustment unit adjusts the input voltage and
outputs a target voltage according to the correction control-
ling signal. So the VGH voltage conducted to the different
gate drivers can be adjusted and then the different gate drivers
can output identical target voltages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a schematic diagram of a conventional
LCD device.
[0024] FIG. 2 is a schematic diagram illustrating the struc-

ture of a voltage compensation circuit of a gate driver accord-
ing to one embodiment of the present invention.

[0025] FIG. 3 is a flowchart of a voltage compensation
method by using the gate driver according to one embodiment
of the present invention.

[0026] FIG. 4 is a schematic diagram of an L.LCD device
according to one embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0027] FIG. 2 is a schematic diagram illustrating the struc-
ture of a voltage compensation circuit 20 of a gate driver
according to one embodiment of the present invention. The
voltage compensation circuit 20 is disposed in front of an
output of the gate driver. The voltage compensation circuit 20
is used for adjusting voltage supplied by the gate driver to an
LCD panel. Preferably, a voltage compensation circuit 20 is
disposed on every gate driver. The voltage compensation
circuit 20 comprises a voltage adjustment unit 21, a digital
comparison correction unit 22, and a voltage detection unit
23, as shown in FIG, 2.

[0028] The voltage detection unit 23 detects an input volt-
age VI of the gate driver and conducts the input voltage Vi to
the digital comparison correction unit 22. The digital com-
parison correction unit 22 also receives a reference voltage
supplied by a timing controller 24 disposed outside of the gate
driver. In addition, the digital comparison correction unit 22
compares the input voltage V1 with the reference voltage for
generating a correction controlling signal which is conducted
to the voltage adjustment unit 21 afterwards. The voltage
adjustment unit 21 adjusts the input voltage V1 and outputs a
target voltage V2 according to the correction controlling sig-
nal. The gate driver outputs the target voltage V2 to the LCD
panel.

[0029] The digital comparison correction unit 22 is an I,C
module in the present embodiment. The timing controller 24
communicates with the I,C module through an [,C data line.
The correction controlling signal is a digital controlling sig-
nal. The I,C module is compared, for example, by a differen-
tial amplifier (not shown), for obtaining a gain of the input
voltage and the reference voltage. The gain is converted into
the digital controlling signal by means of ADC (analog-digi-
tal converting).

[0030] The voltage adjustment unit 21 is an automatic gain
adjustment unit in the present embodiment. The voltage
adjustment unit 21 comprises a first resistor 26, an operational
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amplifier 25, and a second resistor 27. A first terminal 261 of
the first resistor 26 is connected to the I,C module. A first
terminal (non-inverting input node) of the operational ampli-
fier25is connected to the input voltage VT A second terminal
(inverting input node) of the operational amplifier 25 is con-
nected to ground through the second resistor 27. The inverting
input node of the operational amplifier 25 is also connected to
asecond terminal 262 of the first resistor 26. A third terminal
(output node) of the operational amplifier 25 is connected to
a third terminal 263 of the first resistor 26. The operational
amplifier 25 is a non-inverting operational amplifier. The first
resistor 26 is a variable resistor which can be programmed.
The automatic gain adjustment unit changes resistance of the
first resistor 26 according to the correction controlling signal.
The operational amplifier 25 outputs the target voltage V2
according to a formula related to the resistance of the first
resistor 26. The formula is as follows:

V2=V1 (R1+R2)/R2,

where V1 denotes the input voltage, R1 denotes the resistance
of the first resistor 26, and R2 denotes the resistance of the
second resistor 27.

[0031] Theinput voltage conducted to different gate drivers
is adjusted for correspondingly compensating for loss gener-
ated when the input voltage is conducted to the different gate
drivers in this embodiment. Then, the different gate drivers
output identical target voltages. In this way, a voltage drop
does not exist between output voltages of the different gate
drivers, which not only prevents mura from occurring in the
LCD panel but also improves display quality of the LCD
panel.

[0032] FIG. 3 is a flowchart of a voltage compensation
method by using the gate driver according to the embodiment
ofthe presentinvention. The voltage compensation method of
the gate driver comprises the following steps of:

[0033] Step S101: A voltage detection unit detects an input
voltage of a gate driver and conducts the input voltage to a
digital comparison correction unit. The digital comparison
correction unit is an I,C module.

[0034] Step S102: The digital comparison correction unit
compares the input voltage with a reference voltage supplied
by a controller disposed outside of the gate driver for gener-
ating a correction controlling signal and conducts the correc-
tion controlling signal to a voltage adjustment unit. The volt-
age, adjustment unit is an automatic gain adjustment unit. The
correction controlling signal is a digital controlling signal. An
outside controller is a timing controller and communicates
with an I,C module through an1,C dataline. In Step $102, the
1,C module is compared by a differential amplifier for obtain-
ing a gain of the input voltage and the reference voltage. The
gain is converted into the digital controlling signal by means
of ADC (analog-digital converting).

[0035] Step S103: The voltage adjustment unit adjusts the
input voltage and then outputs a target voltage according to
the correction controlling signal. The automatic gain adjust-
ment unit also comprises a first resistor, an operational ampli-
fier, and a second resistor. The automatic gain adjustment unit
changes resistance of the first resistor according to the cor-
rection controlling signal in Step S103. The operational
amplifier outputs the target voltage according to a formula
related to the resistance of the first resistor. The formula is as
follows:

V2=V1 (R1+R2)/R2,
wherein V1 denotes the input voltage, V2 denotes the target

voltage, R1 denotes the resistance of the first resistor, and R2
denotes the resistance of the second resistor.
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[0036] Step S104: The gate driver outputs the target voltage
to the LCD panel.

[0037] In the present embodiment, the digital comparison
correction unit compares the input voltage of the gate driver
detected by the voltage detection unit with the reference
voltage supplied by the outside controller for generating the
correction controlling signal. The voltage adjustment unit
adjusts the input voltage and outputs the target voltage to the
LCD panel according to the correction controlling signal.
Thus, loss generated when the input voltage is conducted to
the different gate drivers is compensated for so that the dif-
ferent gate drivers output identical target voltages. In this
way, avoltage drop does not exist between the output voltages
of the different gate drivers, which not only prevents mura
from occurring in the LCD panel but also improves display
quality of the LCD panel.

[0038] An LCD device 30 is also provided in the present
invention. FIG. 4 is a schematic diagram illustrating the struc-
ture of the LCD device 30 according to one embodiment of
the present invention. The LCD device 30 comprises an LCD
panel 31, a gate driver 32, and a timing controller 33. The
LCD panel 31 is used for displaying images. The gate driver
32 is used for supplying the LCD panel 31 with a driving
voltage. The timing controller 33 is used for controlling and
driving the gate driver 32. The gate driver 32 comprises a
voltage compensation circuit of the gate driver as shown in
FIG. 2. The structure and working principle of the voltage
compensation circuit will not be explained in detail hereafter.
[0039] In conclusion, the digital comparison correction
unit compares the input voltage of the gate driver detected by
the voltage detection unit with the reference voltage supplied
by the outside controller for generating the correction con-
trolling signal. The voltage adjustment unit adjusts the input
voltage and outputs the target voltage according to the cor-
rection controlling signal. The target voltage is outputted by
the gate driver to the LCD panel. Thus, the input voltage
conducted to the different gate drivers is adjusted for corre-
spondingly compensating for loss generated when the input
voltage is conducted to the different gate drivers. The differ-
ent gate drivers output identical target voltages. In this way, a
voltage drop does not exist between the output voltages of the
different gate drivers, which not only prevents mura from
occurring in the LCD panel but also increases display quality
of the LCD panel.

[0040] Those skilled in the art will readily observe that
numerous modifications and alterations of the device may be
made while retaining the teachings of the invention. Accord-
ingly, the above disclosure should be construed as limited
only by the metes and bounds of the appended claims.

What is claimed is:

1. A voltage compensation circuit of a gate driver, com-

prising:

a voltage detection unit, for detecting an input voltage of
the gate driver;

a digital comparison correction unit, for receiving a refer-
ence voltage supplied by a controller disposed outside of
the gate driver and comparing the input voltage with the
reference voltage for generating a correction controlling
signal;

a voltage adjustment unit, for adjusting the input voltage
and outputting a target voltage according to the correc-
tion controlling signal, and the gate driver outputting the
target voltage to a liquid crystal display (LCD) panel.
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2. The voltage compensation circuit as claimed in claim 1,
wherein the digital comparison correction unit is an I,C mod-
ule, and the controller communicates with the I,C module
through an I,C data line.

3. The voltage compensation circuit as claimed in claim 2,
wherein the controller is a timing controller, the correction
controlling signal is a digital controlling signal, the I,C mod-
ule is compared for obtaining a gain of the input voltage and
the reference voltage, and the gain is converted into the digital
controlling signal by means of ADC (analog-digital convert-
ing).

4. The voltage compensation circuit as claimed in claim 1,
wherein the voltage adjustment unit is an automatic gain
adjustment unit, the automatic gain adjustment unit com-
prises a first resistor, an operational amplifier, and a second
resistor, a first terminal of the first resistor is connected to the
L,C module, a first terminal of the operational amplifier is
connected to the input voltage, a second terminal of the opera-
tional amplifier is connected to ground through the second
resistor, the second terminal of the operational amplifier is
also connected to a second terminal of the first resistor, and a
third terminal of the operational amplifier is connected to a
third terminal of the first resistor.

5. The voltage compensation circuit as claimed in claim 4,
wherein the operational amplifier is a non-inverting opera-
tional amplifier, and the first resistor is a variable resistor
which is programmed.

6. The voltage compensation circuit as claimed in claim 5,
wherein the automatic gain adjustment unit changes resis-
tance of the first resistor according to the correction control-
ling signal, the operational amplifier outputs the target volt-
age according to a formula related to the resistance of the first
resistor, and the formula is as follows:

V2=V1 (R1+4R2)/R2

in which V1 denotes the input voltage, V2 denotes the
target voltage, R1 denotes the resistance of the first
resistor, and R2 denotes resistance oldie second resistor.

7. A method of voltage compensation for use in a gate

driver, comprising:

detecting an input voltage of the gate driver by using a
voltage detection unit and conducting the input voltage
to a digital comparison correction unit;

comparing the input voltage with a reference voltage sup-
plied by a controller disposed outside of the gate driver
by using the digital comparison correction unit, to gen-
erate a correction controlling signal, and conducting the
correction controlling signal to a voltage adjustment
unit;

adjusting the input voltage by using the voltage adjustment
unit and outputting a target voltage according to the
correction controlling signal;

outputting the target voltage by using the gate driver to an
LCD panel.

8. The method as claimed in claim 7, wherein the digital
comparison correction unit is an 1,C module, the controller is
a timing controller, and the controller communicates with the
1,C module through an 1,C data line, the correction control-
ling signal is a digital controlling signal, the 1,C module
obtains a gain of the input voltage and the reference voltage
by using a differential amplifier, and the gain is converted into
the digital controlling signal by means of ADC (analog-digi-
tal converting).
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9. The method as claimed in claim 7, wherein the voltage
adjustment unit is an automatic gain adjustment unit, the
automatic gain adjustment unit comprises a first resistor, an
operational amplifier, and a second resistor, a first terminal of
the first resistor is connected to the I,C module, a first termi-
nal of the operational amplifier is connected to the input
voltage, a second terminal of the operational amplifier is
connected to ground through the second resistor, the second
terminal of the operational amplifier is also connected to a
second terminal of the first resistor, and a third terminal of the
operational amplifier is connected to a third terminal of the
first resistor, the automatic gain adjustment unit changes
resistance of the first resistor according to the correction
controlling signal, the operational amplifier outputs the target
voltage according to a formula related to the resistance of the
first resistor, and the formula is as follows:

V2=V1 (R+R2)/R2

in which V1 denotes the input voltage, V2 denotes the target
voltage, R1 denotes the resistance of the first resistor, and R2
denotes resistance of the second resistor.

10. A liquid crystal display (LCD) device comprising:

an LCD panel for displaying images;

a gate driver for supplying driving voltage to the LCD
panel, comprising a voltage compensation circuit, the
voltage compensation circuit comprising:
avoltage detection unit, for detecting an input voltage of

the gate driver;

a digital comparison correction unit, for receiving a ref-
erence voltage supplied by a controller disposed out-
side of the gate driver and comparing the input voltage
with the reference voltage for generating a correction
controlling signal;

avoltage adjustment unit, for adjusting the input voltage
and outputting a target voltage according to the cor-
rection controlling signal, and the gate driver output-
ting the target voltage to the LCD panel.

11. The LCD device as claimed in claim 10, wherein the
digital comparison correction unit is an I,C module, and the
controller communicates with the 1,C module through an 1,C
data line.

12. The LCD device as claimed in claim 11, wherein the
controller is a timing controller, the correction controlling
signal is a digital controlling signal, the I,C module is com-
pared for obtaining a gain of the input voltage and the refer-
ence voltage, and the gain is converted into the digital con-
trolling signal by means of ADC (analog-digital converting).

13. The LCD device as claimed in claim 12, wherein the
voltage adjustment unit is an automatic gain adjustment unit,
the automatic gain adjustment unit comprises a first resistor,
an operational amplifier, and a second resistor, a first terminal
of the first resistor is connected to the 1,C module, a first
terminal of the operational amplifier is connected to the input
voltage, a second terminal of the operational amplifier is
connected to ground through the second resistor, the second
terminal of the operational amplifier is also connected to a
second terminal of the first resistor, and a third terminal of the
operational amplifier is connected to a third terminal of the
first resistor.

14. The LCD device as claimed in claim 13, wherein the
operational amplifier is a non-inverting operational amplifier,
and the first resistor is a variable resistor which is pro-
grammed.
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15. The LCD device as claimed in claim 14, wherein the
automatic gain adjustment unit changes resistance of the first
resistor according to the correction controlling signal, the
operational amplifier outputs the target voltage according to a
formula related to the resistance of the first resistor, and the
formula is as follows:

V2=V1 (R1+4R2)/R2

in which V1 denotes the input voltage, V2 denotes the
target voltage, R1 denotes the resistance of the first
resistor, and R2 denotes resistance of the second resistor
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