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(57) ABSTRACT

The disclosure provides a liquid crystal display driving
circuit and a liquid crystal display device. The liquid crystal
display driving circuit includes a content adaptive brightness
control circuit and a Gamma voltage adjustment circuit,
when the content adaptive brightness control circuit is
turned on, the brightness of the backlight module is switched
from first backlight brightness to second backlight bright-
ness under the control of the content adaptive brightness
control circuit, when the brightness of the backlight module
is the first backlight brightness, the Gamma voltage adjust-
ment circuit outputs a first Gamma voltage for adjusting
grayscale brightness of the liquid crystal display to be first
grayscale brightness, when the brightness of the backlight
module is the second backlight brightness, the Gamma
voltage adjustment circuit outputs a second Gamma voltage
for adjusting the grayscale brightness of the liquid crystal
display to be second grayscale brightness.
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LIQUID CRYSTAL DISPLAY DRIVING
CIRCUIT AND LIQUID CRYSTAL DISPLAY
DEVICE

CROSS REFERENCE

[0001] This disclosure claims priority to Chinese patent
application No. 201610431967 4, entitled “LIQUID CRYS-
TAL DISPLAY DRIVING CIRCUIT AND LIQUID CRYS-
TAL DISPLAY DEVICE” filed on Jun. 17, 2016, which is
incorporated by reference in its entirety.

FIELD OF THE DISCLOSURE

[0002] The disclosure relates to a display technical field,
and more particularly to a liquid crystal display driving
circuit and a liquid crystal display device.

BACKGROUND OF THE DISCLOSURE

[0003] The trend of a liquid crystal display device such as
a mohile phone, a personal digital assistant (PDA), a laptop
and a tablet is going thinner and lighter, portable and
multifunctional with the development of electronics indus-
try. Energy consumption of a display of the liquid crystal
display device is around 60%-70% of the entire consump-
tion of the liquid crystal display device. In the display,
energy consumption of a backlight module is 70%-80% of
that of the display. However, a size and capacity of a battery
in the liquid crystal display device is restricted by the
volume of the liquid crystal display device. Therefore,
energy provided to the backlight module is generally sacri-
ficed for extending endurance of the liquid crystal display
device when a battery is finite in size and capacity. However,
brightness of the liquid crystal display will be reduced due
to the sacrifice of energy consumption of the backlight
module, so that poor effects will be provided in display.

SUMMARY OF THE DISCLOSURE

[0004] The disclosure provides a liquid crystal display
driving circuit, the liquid crystal display driving circuit
includes a content adaptive brightness control circuit and a
Gamma voltage adjustment circuit, the content adaptive
brightness control circuit is applied to adjust brightness of a
backlight module in a liquid crystal display, when the
content adaptive brightness control circuit is turned on, the
brightness of the backlight module is switched from first
backlight brightness to second backlight brightness under
the control of the content adaptive brightness control circuit,
where the first backlight brightness is brighter than the
second backlight brightness, when the brightness of the
backlight module is the first backlight brightness, the
Gamma voltage adjustment circuit outputs a first Gamma
voltage for adjusting grayscale brightness of the liquid
crystal display to be first grayscale brightness, when the
brightness of the backlight module is the second backlight
brightness, the Gamma voltage adjustment circuit outputs a
second Gamma voltage for adjusting the grayscale bright-
ness of the liquid crystal display to be second grayscale
brightness, where the second grayscale brightness is brighter
than the first grayscale brightness, and brightness of an
output image from the liquid crystal display when the
grayscale brightness of the liquid crystal display is the
second grayscale brightness and the brightness of the back-
light module is the second backlight brightness is equal to
brightness of an output image from the liquid crystal display
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when the grayscale brightness of the liquid crystal display is
the first grayscale brightness and the brightness of the
backlight module is the first backlight brightness.

[0005] The Gamma voltage adjustment circuit includes a
Gamma curve feedback terminal, a control terminal, a
storage terminal and a Gamma voltage output terminal, the
Gamma curve feedback terminal is applied to detect the
grayscale brightness of the liquid crystal display to be the
second grayscale brightness when the brightness of the
backlight module is switched from the first backlight bright-
ness to the second backlight brightness, and transport the
second grayscale brightness to the control terminal, the
control terminal obtains the second Gamma voltage corre-
sponding to the second grayscale brightness from the storage
terminal according to the second grayscale brightness, and
exports the second Gamma voltage by the Gamma voltage
output terminal.

[0006] The Gamma voltage adjustment circuit further
includes a line buffer and a D/A converter, the line buffer is
applied to receive a RGB subpixel serial grayscale signal,
and transform the RGB subpixel serial grayscale signal to a
RGB subpixel parallel grayscale signal, where the RGB
subpixel serial grayscale signal is a serial signal, the RGB
subpixel parallel grayscale signal is a parallel signal, the
D/A converter is applied to convert an analog Gamma
voltage generated by the Gamma voltage output terminal to
a digital Gamma voltage according to the RGB subpixel
parallel grayscale signal, and export the digital Gamma
signal to a corresponding pixel electrode in the liquid crystal
display.

[0007] The Gamma voltage adjustment circuit further
includes a level shifter, the level shifter is applied to receive
the RGB subpixel parallel grayscale signal, and export the
RGB subpixel parallel grayscale signal after its voltage
being boosted to the D/A converter.

[0008] When the content adaptive brightness control cir-
cuit is turned off, the brightness of the backlight module in
the liquid crystal display is constant, when the content
adaptive brightness control circuit is turned off, the Gamma
voltage adjustment circuit will not be operational.

[0009] The disclosure further provides a liquid crystal
display device, the liquid crystal display device includes a
liquid crystal display and a liquid crystal display driving
circuit, the liquid crystal display driving circuit includes a
content adaptive brightness control circuit and a Gamma
voltage adjustment circuit, the content adaptive brightness
control circuit is applied to adjust brightness of a backlight
module in a liquid crystal display, when the content adaptive
brightness control circuit is turned on, the brightness of the
backlight module is switched from first backlight brightness
to second backlight brightness under the control of the
content adaptive brightness control circuit, where the first
backlight brightness is brighter than the second backlight
brightness, when the brightness of the backlight module is
the first backlight brightness, the Gamma voltage adjustment
circuit outputs a first Gamma voltage for adjusting grayscale
brightness of the liquid crystal display to be first grayscale
brightness, when the brightness of the backlight module is
the second backlight brightness, the Gamma voltage adjust-
ment circuit outputs a second Gamma voltage for adjusting
the grayscale brightness of the liquid crystal display to be
second grayscale brightness, where the second grayscale
brightness is brighter than the first grayscale brightness, and
brightness of an output image from the liquid crystal display
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when the grayscale brightness of the liquid crystal display is
the second grayscale brightness and the brightness of the
backlight module is the second backlight brightness is equal
to brightness of an output image from the liquid crystal
display when the grayscale brightness of the liquid crystal
display is the first grayscale brightness and the brightness of
the backlight module is the first backlight brightness.
[0010] The Gamma voltage adjustment circuit includes a
Gamma curve feedback terminal, a control terminal, a
storage terminal and a Gamma voltage output terminal, the
Gamma curve feedback terminal is applied to detect the
grayscale brightness of the liquid crystal display to be the
second grayscale brightness when the brightness of the
backlight module is switched from the first backlight bright-
ness to the second backlight brightness, and transport the
second grayscale brightness to the control terminal, the
control terminal obtains the second Gamma voltage corre-
sponding to the second grayscale brightness from the storage
terminal according to the second grayscale brightness, and
exports the second Gamma voltage by the Gamma voltage
output terminal.

[0011] The Gamma voltage adjustment circuit further
includes a line buffer and a D/A converter, the line buffer is
applied to receive a RGB subpixel serial grayscale signal,
and transform the RGB subpixel serial grayscale signal to a
RGB subpixel parallel grayscale signal, where the RGB
subpixel serial grayscale signal is a serial signal, the RGB
subpixel parallel grayscale signal is a parallel signal, the
D/A converter is applied to convert an analog Gamma
voltage generated by the Gamma voltage output terminal to
a digital Gamma voltage according to the RGB subpixel
parallel grayscale signal, and export the digital Gamma
signal to a corresponding pixel electrode in the liquid crystal
display.

[0012] The Gamma voltage adjustment circuit further
includes a level shifter, the level shifter is applied to receive
the RGB subpixel parallel grayscale signal, and export the
RGB subpixel parallel grayscale signal after its voltage
being boosted to the D/A converter.

[0013] When the content adaptive brightness control cir-
cuit is turned off, the brightness of the backlight module in
the liquid crystal display is constant, when the content
adaptive brightness control circuit is turned off, the Gamma
voltage adjustment circuit will not be operational.

[0014] Compared with a conventional technique, when the
content adaptive brightness control circuit in the liquid
crystal display driving circuit of the disclosure is turned on,
the brightness of the backlight module is reduced from first
backlight brightness to second backlight brightness. The
Gamma voltage adjustment circuit is adjusting the exported
Gamma voltage, when the brightness of the backlight mod-
ule is the first backlight brightness, the Gamma voltage
adjustment circuit outputs a first Gamma voltage for adjust-
ing grayscale brightness of the liquid crystal display to be
first grayscale brightness. When the brightness of the back-
light module is the second backlight brightness, the Gamma
voltage adjustment circuit outputs a second Gamma voltage
for adjusting the brightness of the liquid crystal display to be
second grayscale brightness. The second grayscale bright-
ness is brighter than the first grayscale brightness, and
brightness of an output image from the liquid crystal display
when the grayscale brightness of the liquid crystal display is
the second grayscale brightness and the brightness of the
backlight module is the second backlight brightness is equal
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to brightness of an output image from the liquid crystal
display when the grayscale brightness of the liquid crystal
display is the first grayscale brightness and the brightness of
the backlight module is the first backlight brightness. The
brightness of the exported image from the liquid crystal
display device is constant when energy consumption of the
backlight module is reduced, display performance of the
image is excellent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] In order to more clearly illustrate the disclosure,
following figures described in embodiments will be briefly
introduced, it is obvious that the drawings are merely some
embodiments of the disclosure, a person skilled in the art can
obtain other figures according to these figures without
creativity.

[0016] FIG. 1 is a circuit framework diagram of a liquid
crystal display driving circuit of a preferred embodiment of
the disclosure.

[0017] FIG. 2 is a circuit framework diagram of a Gamma
voltage adjustment circuit of a preferred embodiment of the
disclosure.

[0018] FIG. 3 is a circuit framework diagram of a Gamma
voltage adjustment circuit of another preferred embodiment
of the disclosure.

[0019] FIG. 4 is a circuit framework diagram of a liquid
crystal display device of a preferred embodiment of the
disclosure.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0020] Embodiments of the disclosure are described in
detail with reference to the accompanying drawings as
follows, obviously, the described embodiments are part of
embodiments of the disclosure rather than all of them. Based
on the embodiments of the disclosure, all other embodi-
ments obtained by a person skilled in the art without
creativity should be considered within the scope of protec-
tion of the disclosure.

[0021] Referring to FIG. 1, FIG. 2 and FIG. 3, FIG. 1is a
circuit framework diagram of a liquid crystal display driving
circuit of a preferred embodiment of the disclosure; FIG. 2
is a circuit framework diagram of a Gamma voltage adjust-
ment circuit of a preferred embodiment of the disclosure;
FIG. 3 is a circuit framework diagram of a Gamma voltage
adjustment circuit of another preferred embodiment of the
disclosure. The liquid crystal display driving circuit 10
includes a content adaptive brightness control (CABC)
circuit 100 and a Gamma voltage adjustment circuit 300.
The content adaptive brightness control circuit 100 is
applied to adjust brightness of a backlight module in a liquid
crystal display, when the content adaptive brightness control
circuit 100 is turned on, the brightness of the backlight
module is switched from first backlight brightness to second
backlight brightness under the control of the content adap-
tive brightness control circuit 100, where the first backlight
brightness is brighter than the second backlight brightness.
Equally, when the content adaptive brightness comntrol circuit
100 is turned on, the content adaptive brightness control
circuit 100 reduces the brightness of the backlight module,
equally, reducing energy consumption of the backlight mod-
ule. When the brightness of the backlight module is the first
backlight brightness, the Gamma voltage adjustment circuit
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300 outputs a first Gamma voltage for adjusting grayscale
brightness of the liquid crystal display to be first grayscale
brightness. When the brightness of the backlight module is
the second backlight brightness, the Gamma voltage adjust-
ment circuit 300 outputs a second Gamma voltage for
adjusting the grayscale brightness of the liquid crystal
display to be second grayscale brightness. The second
grayscale brightness is brighter than the first grayscale
brightness, and brightness of an output image from the liquid
crystal display when the grayscale brightness of the liquid
crystal display is the second grayscale brightness and the
brightness of the backlight module is the second backlight
brightness is equal to brightness of an output image from the
liquid crystal display when the grayscale brightness of the
liquid crystal display is the first grayscale brightness and the
brightness of the backlight module is the first backlight
brightness.

[0022] In the embodiment, the Gamma voltage adjustment
circuit 300 includes a Gamma curve feedback terminal 310,
a control terminal 320, a storage terminal 330 and a Gamma
voltage output terminal 340. The Gamma curve feedback
terminal 310 is applied to detect the grayscale brightness of
the liquid crystal display when the brightness of the back-
light module varies, when the brightness of the backlight
module is switched from the first backlight brightness to the
second backlight brightness, the Gamma curve feedback
terminal 310 detects the grayscale brightness of the liquid
crystal display to be the second grayscale brightness and
transports the second grayscale brightness to the control
terminal 320. The control terminal 320 obtains the second
Gamma voltage corresponding to the second grayscale
brightness from the storage terminal 330 according to the
second grayscale brightness, and exports the second Gamma
voltage by the Gamma voltage output terminal 340.

[0023] Each grayscale brightness and Gamma voltages
corresponding to each grayscale are pre-stored in the storage
terminal 330, each grayscale and Gamma voltages corre-
sponding to each grayscale can be stored in the storage
terminal in a form of table or others. To various Gamma
voltages stored in the storage terminal 330, grayscale bright-
ness corresponding to each of the Gamma voltages and
brightness of an image generated by backlight brightness of
a backlight module cotresponding to the grayscale are
constant.

[0024] In the embodiment, the Gamma voltage adjustment
circuit 300 further includes a line buffer 350 and a D/A
converter 360. The line buffer 350 is applied to receive a
RGB subpixel serial grayscale signal, and transform the
RGB subpixel serial grayscale signal to a RGB subpixel
parallel grayscale signal, where the RGB subpixel serial
grayscale signal is a serial signal, the RGB subpixel parallel
grayscale signal is a parallel signal. The D/A converter 360
is applied to convert an analog Gamma voltage generated by
the Gamma voltage output terminal to a digital Gamma
voltage according to the RGB subpixel parallel grayscale
signal, and export the digital Gamma signal to a correspond-
ing pixel electrode in the liquid crystal display.

[0025] In the embodiment, the Gamma voltage adjustment
circuit 300 further includes a level shifter 370. The level
shifter 370 is applied to receive the RGB subpixel parallel
grayscale signal, and export the RGB subpixel parallel
grayscale signal after its voltage being boosted to the D/A
converter 360. The RGB subpixel parallel grayscale signal
after its voltage being boosted assists the D/A converter 360
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to select one of the analog Gamma voltage signals generated
in the Gamma voltage output terminal 340 accurately
according to the RGB subpixel parallel grayscale signal.
[0026] Inthe embodiment, the Gamma voltage adjustment
circuit 300 further includes a buffer 380. The buffer 380 is
applied to export the digital Gamma signal after being
buffered for predetermined time to a corresponding pixel
electrode in the liquid crystal display.
[0027] In the embodiment, when the content adaptive
brightness control circuit 100 is turned off, the brightness of
the backlight module in the liquid crystal display is constant,
therefore, when the content adaptive brightness control
circuit is turned off, the Gamma voltage adjustment circuit
300 is not operational, equally, the Gamma voltage exported
from the Gamma voltage adjustment circuit 300 is constant.
[0028] Compared with a conventional technique, when the
content adaptive brightness control circuit 100 in the liquid
crystal display driving circuit 10 of the disclosure is turned
on, the brightness of the backlight module is reduced from
first backlight brightness to second backlight brightness. The
Gamma voltage adjustment circuit 300 is adjusting the
exported Gamma voltage, when the brightness of the back-
light module is the first backlight brightness, the Gamma
voltage adjustment circuit 300 outputs a first Gamma volt-
age for adjusting grayscale brightness of the liquid crystal
display to be first grayscale brightness. When the brightness
of the backlight module is the second backlight brightness,
the Gamma voltage adjustment circuit 300 outputs a second
Gamma voltage for adjusting the grayscale brightness of the
liquid crystal display to be second grayscale brightness. The
second grayscale brightness is brighter than the first gray-
scale brightness, and brightness of an output image from the
liquid crystal display when the grayscale brightness of the
liquid crystal display is the second grayscale brightness and
the brightness of the backlight module is the second back-
light brightness is equal to brightness of an output image
from the liquid crystal display when the grayscale brightness
of the liquid crystal display is the first grayscale brightness
and the brightness of the backlight module is the first
backlight brightness. The brightness of the exported image
from the liquid crystal display device is constant when
energy consumption of the backlight module is reduced,
display performance of the image is excellent.
[0029] The disclosure further provides a liquid crystal
display device, referring to FIG. 4 as well, FIG. 4 is a circuit
framework diagram of a liquid crystal display device of a
preferred embodiment of the disclosure. The liquid crystal
display device 1 includes a liquid crystal display 30 and a
liquid crystal display driving circuit 10. The liquid crystal
display driving circuit 10 can be referred to the previous
description without repeat. In the embodiment, the liquid
crystal display device 1 includes a portable device such as a
smart phone, a mobile internet device (MID), an E-book, a
play station portable (PSP) or a personal digital assistant
(PDA).
[0030] Above are embodiments of the disclosure, which
do not limit the scope of the disclosure, any modifications,
equivalent replacements or improvements within the spirit
and principles of the embodiments described above should
be covered by the protected scope of the disclosure.

What is claimed is:

1. A liquid crystal display driving circuit, wherein the
liquid crystal display driving circuit comprises a content
adaptive brightness control circuit and a Gamma voltage
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adjustment circuit, the content adaptive brightness control
circuit is applied to adjust brightness of a backlight module
in a liquid crystal display, when the content adaptive bright-
ness control circuit is turned on, the brightness of the
backlight module is switched from first backlight brightness
to second backlight brightness under the control of the
content adaptive brightness control circuit, where the first
backlight brightness is brighter than the second backlight
brightness, when the brightness of the backlight module is
the first backlight brightness, the Gamma voltage adjustment
circuit outputs a first Gamma voltage for adjusting grayscale
brightness of the liquid crystal display to be first grayscale
brightness, when the brightness of the backlight module is
the second backlight brightness, the Gamma voltage adjust-
ment circuit outputs a second Gamma voltage for adjusting
the grayscale brightness of the liquid crystal display to be
second grayscale brightness, where the second grayscale
brightness is brighter than the first grayscale brightness, and
brightness of an output image from the liquid crystal display
when the grayscale brightess of the liquid crystal display is
the second grayscale brightness and the brightness of the
backlight module is the second backlight brightness is equal
to brightness of an output image from the liquid crystal
display when the grayscale brightness of the liquid crystal
display is the first grayscale brightness and the brightness of
the backlight module is the first backlight brightness.

2. The liquid crystal display driving circuit according to
claim 1, wherein the Gamma voltage adjustment circuit
comprises a Gamma curve feedback terminal, a control
terminal, a storage terminal and a Gamma voltage output
terminal, the Gamma curve feedback terminal is applied to
detect the grayscale brightness of the liquid crystal display
to be the second grayscale brightness when the brightness of
the backlight module is switched from the first backlight
brightness to the second backlight brightness, and transport
the second grayscale brightness to the control terminal, the
control terminal obtains the second Gamma voltage corre-
sponding to the second grayscale brightness from the storage
terminal according to the second grayscale brightness, and
exports the second Gamma voltage by the Gamma voltage
output terminal.

3. The liquid crystal display driving circuit according to
claim 2, wherein the Gamma voltage adjustment circuit
further comprises a line buffer and a D/A converter, the line
buffer is applied to receive a RGB subpixel serial grayscale
signal, and transform the RGB subpixel serial grayscale
signal to a RGB subpixel parallel grayscale signal, where the
RGB subpixel serial grayscale signal is a serial signal, the
RGB subpixel parallel grayscale signal is a parallel signal,
the D/A converter is applied to convert an analog Gamma
voltage generated by the Gamma voltage output terminal to
a digital Gamma voltage according to the RGB subpixel
parallel grayscale signal, and export the digital Gamma
signal to a corresponding pixel electrode in the liquid crystal
display.

4. The liquid crystal display driving circuit according to
claim 3, wherein the Gamma voltage adjustment circuit
further comprises a level shifter, the level shifter is applied
to receive the RGB subpixel parallel grayscale signal, and
export the RGB subpixel parallel grayscale signal after its
voltage being boosted to the D/A converter.

5. The liquid crystal display driving circuit according to
claim 1, wherein when the content adaptive brightness
control circuit is turned off, the brightness of the backlight
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module in the liquid crystal display is constant, when the
content adaptive brightness control circuit is turned off, the
Gamma voltage adjustment circuit will not be operational.

6. A liquid crystal display device, wherein the liquid
crystal display device comprises a liquid crystal display and
a liquid crystal display driving circuit, the liquid crystal
display driving circuit comprises a content adaptive bright-
ness control circuit and a Gamma voltage adjustment circuit,
the content adaptive brightness control circuit is applied to
adjust brightness of a backlight module in a liquid crystal
display, when the content adaptive brightness control circuit
is turned on, the brightness of the backlight module is
switched from first backlight brightness to second backlight
brightness under the control of the content adaptive bright-
ness control circuit, where the first backlight brightness is
brighter than the second backlight brightness, when the
brightness of the backlight module is the first backlight
brightness, the Gamma voltage adjustment circuit outputs a
first Gamma voltage for adjusting grayscale brightness of
the liquid crystal display to be first grayscale brightness,
when the brightness of the backlight module is the second
backlight brightness, the Gamma voltage adjustment circuit
outputs a second Gamma voltage for adjusting the grayscale
brightness of the liquid crystal display to be second gray-
scale brightness, where the second grayscale brightness is
brighter than the first grayscale brightness, and brightness of
an output image from the liquid crystal display when the
grayscale brightness of the liquid crystal display is the
second grayscale brightness and the brightness of the back-
light module is the second backlight brightness is equal to
brightness of an output image from the liquid crystal display
when the grayscale brightness of the liquid crystal display is
the first grayscale brightness and the brightness of the
backlight module is the first backlight brightness.

7. The liquid crystal display device according to claim 6,
wherein the Gamma voltage adjustment circuit comprises a
Gamma curve feedback terminal, a control terminal, a
storage terminal and a Gamma voltage output terminal, the
Gamma curve feedback terminal is applied to detect the
grayscale brightness of the liquid crystal display to be the
second grayscale brightness when the brightness of the
backlight module is switched from the first backlight bright-
ness to the second backlight brightness, and transport the
second grayscale brightness to the control terminal, the
control terminal obtains the second Gamma voltage corre-
sponding to the second grayscale brightness from the storage
terminal according to the second grayscale brightness, and
exports the second Gamma voltage by the Gamma voltage
output terminal.

8. The liquid crystal display device according to claim 7,
wherein the Gamma voltage adjustment circuit further com-
prises a line buffer and a D/A converter, the line buffer is
applied to receive a RGB subpixel serial grayscale signal,
and transform the RGB subpixel serial grayscale signal to a
RGB subpixel parallel grayscale signal, where the RGB
subpixel serial grayscale signal is a serial signal, the RGB
subpixel parallel grayscale signal is a parallel signal, the
D/A converter is applied to convert an analog Gamma
voltage generated by the Gamma voltage output terminal to
a digital Gamma voltage according to the RGB subpixel
parallel grayscale signal, and export the digital Gamma
signal to a corresponding pixel electrode in the liquid crystal
display.
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9. The liquid crystal display device according to claim 8,
wherein the Gamma voltage adjustment circuit further com-
prises a level shifter, the level shifter is applied to receive the
RGB subpixel parallel grayscale signal, and export the RGB
subpixel parallel grayscale signal after its voltage being
boosted to the D/A converter.

10. The liquid crystal display device according to claim 6,
wherein when the content adaptive brightness control circuit
is turned off, the brightness of the backlight module in the
liquid crystal display is constant, when the content adaptive
brightness control circuit is turned off, the Gamma voltage
adjustment circuit will not be operational.
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