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DRIVING CIRCUIT AND DISPLAY DEVICE

A drive circuit and a display apparatus are pro-

vided, to improve a charging/discharging rate of a capac-
itor in a liquid crystal display and reduce system power
consumption. The drive circuit includes: a digital-to-an-
alog converter (401), configured to output an analog sig-
nal; an amplifier (402), configured to generate a drive
signal based on the analog signal, where the amplifier
(402) includes an amplification circuit and a current

source circuit, the amplification circuit is configured to
amplify the analog signal, and the current source circuit
is configured to provide a bias current for the amplification
circuitin a controllable manner; and a comparison control
circuit (403), configured to compare a voltage value of
the drive signal with a preset voltage value, and control,
based on a comparative result, the current source circuit
to output the bias current.
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Description
TECHNICAL FIELD

[0001] This application relates to the field of display
technologies, and in particular, to a drive circuit and a
display apparatus.

BACKGROUND

[0002] Aliquid crystal display is anindispensable com-
ponent of an electronic product such as a television or
computer. Usually, a pixel unit of the liquid crystal display
may include a resistor-capacitance (resistor-capaci-
tance, RC) network. The RC network includes N*N pixel
units, where N>1, and each pixel unitincludes a capacitor
101 and a resistor 102. In each pixel unit, voltage values
at two ends of the capacitor 101 are different, and cor-
respond to different torsion angles of a liquid crystal.
Charging/discharging of each capacitor 101 in the RC
network is controlled, so that a torsion angle of the liquid
crystal in the liquid crystal display may be controlled.
Therefore, transmittance of the liquid crystal is controlled,
to achieve different display effects.

[0003] A nematic liquid crystal display and a drive cir-
cuit thereof may be shown in FIG. 1. Multiple control sig-
nals are obtained by processing red green blue (red
green blue, RGB) data by a data processing unit and an
electrical level shifter, and each control signal is used to
control a column of pixel units. Specifically, the multiple
control signals are respectively input to multiple digital-
to-analog converters (digital-to-analog converters,
DACs), and each DAC is coupled to one column of pixel
units by using one amplifier. A drive signal output by the
amplifier controls turn-on and turn-off of a switching tran-
sistor 103 coupled to each pixel unit, to control charg-
ing/discharging of the capacitor 101, so as to achieve
different display effects. The amplifier may also be re-
ferred to as a channel buffer (channel buffer) or an output
buffer.

[0004] As resolution of the liquid crystal display in-
creases (for example, from 4k to 8k), a size of the RC
networkincreases (in otherwords, a quantity of pixel units
increases), and load of the channel buffer increases ac-
cordingly. At the same time, as a data refresh rate of the
liquid crystal display increases (for example, from 60 Hz
to 120 Hz), a requirement for a charging/discharging rate
of the channel buffer is also improved accordingly. It may
be easily understood that people’s increasing require-
ments for performance of the liquid crystal display require
a drive circuit at a high charging/discharging rate.
[0005] Toimprove the charging/discharging rate of the
channel buffer, a solution provided in a conventional
technology provides a large bias current for the channel
buffer within fixed duration (to be specific, a fast charging
current is superimposed on an original bias current, to
enlarge the bias current). Therefore, the channel buffer
can quickly complete charging/discharging of the capac-
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itor 101 in the liquid crystal display. As shown in FIG. 2,
aload data (load data, LD) signal is an RGB data refresh
flag, and a moment at which the LD signal jumps from a
low electrical level to a high electrical level is a data re-
fresh moment. When each frame of image is displayed,
data usually needs to be refreshed for multiple times. A
digital high driving (digital high driving, DHDR) signal is
aflag signal indicating that a large bias currentis supplied
to a channel buffer. When the DHDR signal is at a high
electrical level, the large bias current is supplied to the
channel buffer (for example, a fast charging current is
superimposed on an original bias current). When the DH-
DR signal is at a low electrical level, a small bias current
is supplied to the channel buffer. DHDR duration is a
fixed value.

[0006] By using the solution provided in the conven-
tional technology, the DHDR duration is a fixed value. To
ensure that the DHDR duration can meet different load
requirements, the DHDR duration is usually setto a large
value. Extremely high power consumption overheads
may be caused by supplying the large bias current to the
channel buffer for long duration. Each time data is re-
freshed, aload requirement sometimes is highand some-
times is low. To meet a high load requirement, the DHDR
duration is set to a large fixed value. Consequently, sys-
tem power consumption increases.

[0007] In conclusion, the drive solution provided in the
conventional technology has a problem of high system
power consumption.

SUMMARY

[0008] Embodiments of this application provide a drive
circuit and a display apparatus, to improve a charg-
ing/discharging rate of a capacitor in a liquid crystal dis-
play and reduce system power consumption.

[0009] According to a first aspect, an embodiment of
this application provides a drive circuit. The drive circuit
includes: a digital-to-analog converter, configured to out-
put an analog signal; an amplifier, configured to generate
adrive signal based on the analog signal, where the am-
plifier includes an amplification circuit and a current
source circuit, the amplification circuit is configured to
amplify the analog signal, and the current source circuit
is configured to provide a bias current for the amplification
circuitin a controllable manner; and a comparison control
circuit, configured to compare a voltage value of the drive
signal with a preset voltage value, and control, based on
a comparative result, the current source circuit to output
the bias current.

[0010] The comparison control circuit may be imple-
mented by using two functional modules: a comparator
and a controller. The comparator is configured to com-
pare the voltage value of the drive signal with the preset
voltage value; and the controller is configured to control,
based on the comparative result of the comparator, the
current source circuit to output the bias current.

[0011] According to the foregoing solution, the current
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source circuitin the amplifier may provide the bias current
for the amplification circuit in a controllable manner.
When the bias current of the amplification circuit is small,
a charging/discharging rate of a capacitor in a liquid crys-
tal display coupled to the amplification circuitis low. When
the bias current of the amplification circuit is large, a
charging/discharging rate of a capacitor in a liquid crystal
display coupled to the amplification circuit is high. The
comparison control circuit 403 compares the voltage val-
ue of the drive signal output by the amplifier with the
preset voltage value, and controls, based on the com-
parative result, the current source circuit to output the
bias current. In this test manner, the comparison control
circuit can control, based on a real comparative result
between the voltage value of the drive signal and the
preset voltage value, the bias current provided by the
current source circuit. This improves the charging/dis-
charging rate of the capacitor in the liquid crystal display
coupled to the drive circuit. Compared with a manner in
which DHDR duration is set to a large fixed value in a
conventional technology, the bias current provided by
the current source circuit is controlled through testing by
using the drive circuit, so that the bias current output by
the currentsource circuitcan be more accurately adapted
to the capacitor in the liquid crystal display. This reduces
system power consumption.

[0012] In a possible design, the digital-to-analog con-
verter is specifically configured to: output the analog sig-
nal at a first moment; the current source circuit is specif-
ically configured to: provide a first bias current for the
amplification circuit before the first moment, and provide
a second bias current for the amplification circuit at the
first moment, where a current value of the second bias
current is greater than a current value of the first bias
current; and the controller is specifically configured to:
determine that a difference between a second moment
at which the drive signal is inverted and the first moment
is fast charging duration, and control, based on the fast
charging duration, the current source circuit to output the
bias current.

[0013] According to the foregoing solution, when the
second bias currentis supplied to the amplification circuit,
in a time period from the first moment to the second mo-
ment, the drive signal output by the amplifier can change
from a maximum voltage value to a minimum voltage
value or from a minimum voltage value to a maximum
voltage value along with an input analog signal. There-
fore, the fast charging duration determined according to
the solution can meet charging/discharging time needed
by all capacitors that are coupled to the operational am-
plifier and that are in the liquid crystal display.

[0014] Specifically, when controlling, based on the fast
charging duration, the current source circuit to output the
bias current, the controller is specifically configured to:
each time the liquid crystal display coupled to the drive
circuit refreshes data, control duration in which the cur-
rent source circuit outputs the second bias current to be
the fast charging duration.
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[0015] In a possible design, a difference between a
maximum voltage value and a minimum voltage value
that are of the analog signal is greater than or equal to a
maximum charging voltage value of a capacitor in the
liquid crystal display coupled to the drive circuit, and the
preset voltage value is the maximum voltage value or the
minimum voltage value of the analog signal.

[0016] According to the foregoing solution, the differ-
ence between the maximum voltage value and the min-
imum voltage value that are of the analog signal may be
set to be equal to the maximum charging voltage value
of the capacitor in the liquid crystal display, or the differ-
ence between the maximum voltage value and the min-
imum voltage value that are of the analog signal may be
set to be slightly greater than the maximum charging volt-
age value of the capacitor in the liquid crystal display. In
this way, the fast charging duration determined according
to the foregoing solution can meet charging/discharging
requirements of all capacitors in the liquid crystal display,
and the fast charging duration can be shortened as much
as possible. Therefore, system power consumption is re-
duced.

[0017] In a possible design, the analog signal is a first
step signal, and a voltage value of the first step signal
increases from a first voltage value to a second voltage
value at the first moment; and the comparator is config-
ured to compare the voltage value of the drive signal with
the second voltage value, and a moment at which an
output signal of the comparator is inverted from a low
electrical level to a high electrical level is the second mo-
ment.

[0018] According to the foregoing solution, in the time
period from the first moment to the second moment, the
drive signal can increase from the minimum voltage value
of the analog signal to the maximum voltage value of the
analog signal along with the input analog signal. Because
the difference between the maximum voltage value and
the minimum voltage value that are of the analog signal
is greater than or equal to the maximum charging voltage
value of the capacitor in the liquid crystal display, the fast
charging duration determined according to the solution
can meet the charging/discharging time needed by all
the capacitors that are coupled to the amplifier and that
are in the liquid crystal display.

[0019] In another possible design, the analog signal is
a second step signal, and a voltage value of the second
step signal decreases from a third voltage value to a
fourth voltage value at the first moment; and the compa-
rator is configured to compare the voltage value of the
drive signal with the fourth voltage value, and a moment
at which an output signal of the comparator is inverted
from a high electrical level to a low electrical level is the
second moment.

[0020] According to the foregoing solution, in the time
period from the first moment to the second moment, the
drive signal can decrease from the maximum voltage val-
ue of the analog signal to the minimum voltage value of
the analog signal along with the input analog signal. Be-
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cause the difference between the maximum voltage val-
ue and the minimum voltage value that are of the analog
signal is greater than or equal to the maximum charging
voltage value of the capacitor in the liquid crystal display,
the fast charging duration determined according to the
solution can meet the charging/discharging time needed
by all the capacitors that are coupled to the amplifier and
that are in the liquid crystal display.

[0021] In addition, both the first moment and the sec-
ond moment may fall within a blanking region between
a first frame of image and a second frame of image that
are displayed by the liquid crystal display, and display
time of the first frame of image is earlier than display time
of the second frame of image.

[0022] According to the foregoing solution, when the
liquid crystal display displays an image, there is a blank-
ing region interval before each frame of displayed image
is refreshed, and there is no signal input in the liquid
crystal display in a time period of the blanking region. A
viewer does not visually perceive that the liquid crystal
display does not display an image in the time period of
the blanking region. Therefore, the foregoing solution of
determining fast charging duration may be performed in
the time period of the blanking region after the first frame
of image is displayed and before the second frame of
image is not displayed.

[0023] In a possible design, the digital-to-analog con-
verter is further configured to: perform digital-to-analog
conversion on a digital control signal corresponding to
the second frame of image, to obtain an analog control
signal; the amplification circuit is further configured to
amplify the analog control signal; and the controller is
further configured to: control the current source circuit to
output the second bias current at a third moment at which
the amplification circuit receives the analog control sig-
nal, and control the current source circuit to output the
first bias current at a fourth moment, where a time differ-
ence between the fourth moment and the third moment
is the fast charging duration.

[0024] According to the foregoing solution, it is deter-
mined that the fast charging duration may be applied to
display of the second frame of image after the second
moment.

[0025] In a possible design, the drive circuit provided
in the first aspect may further include: a data processing
unit, configured to perform serial-to-parallel conversion
on red green blue RGB data to obtain parallel RGB data;
and an electrical level shifter, coupled to the data
processing unit and configured to perform shift process-
ing on the parallel RGB data to obtain the foregoing digital
control signal.

[0026] In a possible design, the first moment is a mo-
ment at which the liquid crystal display refreshes data.
[0027] According to the foregoing solution, when each
frame of image is displayed, the liquid crystal display
needs to refresh data for multiple times. During actual
application, an LD signal may be used to indicate the
liquid crystal display to refresh data. For example, the
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LD signal may be a periodic pulse signal, and a moment
at which the LD signal jumps from a low electrical level
to a high electrical level (that is, a moment at which the
LD signalis valid) is the moment at which the liquid crystal
display refreshes data. The LD signal is a periodic signal,
and the LD signal is output no matter when the liquid
crystal display displays an image or in a blanking region
before the image is displayed. The digital-to-analog con-
verter may choose to output the analog signal to the am-
plifier at the first moment at which the LD signal is valid,
and the amplifier also increases the bias current (from
the first bias current to the second bias current) at the
first moment.

[0028] According to a second aspect, an embodiment
of this application further provides a display apparatus.
The display apparatus includes a liquid crystal display
and the drive circuit provided in any one of the first aspect
and the possible designs of the first aspect.

[0029] It should be noted that, for technical effects
brought by any one of the second aspectand the possible
designs of the second aspect, refer to technical effects
brought by different designs in the first aspect. Details
are not described herein again.

BRIEF DESCRIPTION OF DRAWINGS
[0030]

FIG. 1 is a schematic structural diagram of a liquid
crystal display and a drive circuit thereof according
to a conventional technology;

FIG. 2 is a sequence diagram of an LD signal and a
DHDR signal according to a conventional technolo-
ay;

FIG. 3 is a schematic structural diagram of an am-
plifier according to an embodiment of this applica-
tion;

FIG. 4 is a schematic structural diagram of a first
drive circuit according to an embodiment of this ap-
plication;

FIG. 5 is a schematic structural diagram of a second
drive circuit according to an embodiment of this ap-
plication;

FIG. 6 is a signal sequence diagram of a drive circuit
according to an embodiment of this application;
FIG. 7 is a schematic structural diagram of a third
drive circuit according to an embodiment of this ap-
plication;

FIG. 8 is a signal sequence diagram of another drive
circuit according to an embodiment of this applica-
tion; and

FIG. 9 is a schematic structural diagram of a display
apparatus according to an embodiment of this appli-
cation.

DESCRIPTION OF EMBODIMENTS

[0031] The following first describes an application sce-
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nario in embodiments of this application.

[0032] Embodiments of this application may be applied
to a display apparatus shown in FIG. 1. The display ap-
paratusincludes aliquid crystal display and a drive circuit.
The drive circuit controls transmittance of a liquid crystal
in the liquid crystal display based on received RGB data,
to achieve different display effects.

[0033] Specifically, a data processing unit in the drive
circuit is configured to perform serial-to-parallel conver-
sion on the RGB data to output parallel RGB data. An
electrical level shifter is configured to perform shift
processing on the parallel RGB data to obtain multiple
control signals. A DAC is configured to perform digital-
to-analog conversion on a control signal. An amplifier is
configured to buffer and output the control signal to obtain
a drive signal.

[0034] Specifically, the liquid crystal display includes
a resistor-capacitance (resistor-capacitance, RC) net-
work. The RC network includes N*N pixel units, where
N>1, and each pixel unit includes a capacitor 101 and a
resistor 102. Each pixel unitis further coupled to a switch-
ing transistor 103, and the drive signal output by the am-
plifier is used to control turn-on time and turn-off time of
the switching transistor 103, and further control a charg-
ing/discharging process of the capacitor 101 in the pixel
unit. Each group of DACs and amplifiers is configured to
control a column of pixel units in the liquid crystal display.
[0035] Inaddition, the display apparatus shown in FIG.
1 further includes a row driver (Row Driver). The row
driver is coupled to a control end (for example, a gate
electrode or a base electrode) of the switching transistor
103 in the liquid crystal display, and the row driver coop-
erates with the drive circuit to control turn-on and turn-
off of the switching transistor 103.

[0036] It should be noted that, in embodiments of this
application, when an image is displayed, specific func-
tions and operations of the data processing unit, the elec-
trical level shifter, and the DAC in the drive circuit may
use the conventional technology. Details are not de-
scribed herein. In embodiments of this application, only
how to improve a charging/discharging rate and reduce
system power consumption when the capacitor 101 in
the liquid crystal display is charged/discharged by using
the drive circuit is concerned.

[0037] During actual application, when the capacitor
101 in the liquid crystal display is charged/discharged by
using the drive circuit, a large bias current may be sup-
plied to a power supply end of the amplifier, to improve
a charging/discharging rate of the capacitor 101 in the
liquid crystal display. Specifically, when each frame of
image is displayed, the liquid crystal display needs to
refresh data for multiple times. Each time the data is re-
freshed, the large bias current may be supplied to the
power supply end of the amplifier.

[0038] FIG. 3 is a schematic structural diagram of an
amplifier, where V,, is an input end of the ampilifier, and
V,ut is an output end of the amplifier. In FIG. 3, Example
ashows an overall structure of the amplifier, and Example
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b shows an internal structure of the amplifier. In Example
b, Vpp is a power supply end of the amplifier, and is con-
figured to input a bias current. A small bias current is
supplied to the power supply end of the amplifier, in other
words, a bias current Iss is supplied to the power supply
end. A large bias current is supplied to the power supply
end of the amplifier, in other words, |1 is superimposed
on Iss that is supplied to the power supply end, and a
current value of 11 is large. When a bias current of the
amplifieris large, a charging/discharging rate of a capac-
itor 101 in a pixel unit coupled to the amplifier is high.
[0039] Although the charging/discharging rate of the
capacitor 101 can be improved by supplying the large
bias current to the power supply end of the amplifier,
extremely high power consumption overheads may be
caused by supplying the large bias current to the amplifier
for long duration. Therefore, how to determine duration
in which the large bias currentis supplied to the amplifier,
to enable the charging duration to meet a load require-
ment (meet a fast charging/discharging requirement of
the capacitor 101) without causing high system power
consumption overheads, is an implementation objective
of embodiments of this application.

[0040] The following further describes embodiments
of this application in detail with reference to accompany-
ing drawings.

[0041] It should be noted that "multiple" in embodi-
ments of this application means two or at least two. In
addition, in the descriptions of this application, terms
such as "first" and "second" are merely used for distinc-
tion and description, and shall not be understood as an
indication or implication of relative importance, or as an
indication or implication of an order.

[0042] An embodiment of this application provides a
drive circuit. Refer to FIG. 4. A drive circuit 400 includes
a digital-to-analog converter 401, an amplifier 402, and
a comparison control circuit 403.

[0043] The digital-to-analog converter 401 is config-
ured to output an analog signal. The amplifier 402, cou-
pled to the digital-to-analog converter 401, is configured
to generate a drive signal based on the analog signal.
The amplifier 402 includes an amplification circuit and a
current source circuit, the amplification circuit is config-
ured to amplify the analog signal, and the current source
circuit is configured to provide a bias current for the am-
plification circuit in a controllable manner. The compari-
son control circuit 403 is configured to compare a voltage
value of the drive signal with a preset voltage value, and
control, based on a comparative result, the current
source circuit to output the bias current.

[0044] During actual application, the drive circuit 400
may be coupled to a liquid crystal display, and the drive
circuit 400 controls charging/discharging of a capacitor
in the liquid crystal display, to control a torsion angle of
a liquid crystal in the liquid crystal display. Therefore,
transmittance of the liquid crystal is controlled, to achieve
different display effects.

[0045] In the drive circuit 400, the amplification circuit
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may be an operational amplifier. The current source cir-
cuit is configured to provide the bias current for the am-
plification circuit. Specifically, a magnitude of the bias
current provided by the current source circuit for the am-
plification circuit may be controlled by the comparison
control circuit 403. When a current value of the bias cur-
rent provided by the current source circuit is small, a rate
of charging/discharging the capacitor in the liquid crystal
display by using the drive circuit 400 is low. When a cur-
rent value of the bias current provided by the current
source circuit is large, a rate of charging/discharging the
capacitor in the liquid crystal display by using the drive
circuit 400 is high.

[0046] Specifically, the comparison control circuit 403
may include a comparator and a controller. The compa-
rator is configured to compare the voltage value of the
drive signal with the preset voltage value; and the con-
troller is configured to control, based on the comparative
result of the comparator, the current source circuit to out-
putthe bias current. In other words, functions of the com-
parison control circuit 403 may be implemented by using
two functional modules.

[0047] Further, the digital-to-analog converter 401 is
specifically configured to output the analog signal at a
first moment (which is referred to as a moment T1 for
short). The current source circuit is specifically config-
ured to: provide a first bias current for the amplification
circuit before the first moment, and provide a second bias
current for the amplification circuit at the first moment,
where a current value of the second bias current is great-
er than a current value of the first bias current. The con-
troller is specifically configured to: determine that a dif-
ference between a second moment (which is referred to
as a moment T2 for short) at which an output signal of
the comparator is inverted is fast charging duration, and
control, based on the fast charging duration, the current
source circuit to output the bias current.

[0048] It may be easily learned that the current source
circuit provides a large bias current for the amplification
circuitfrom the moment T1. As the bias currentincreases,
the drive signal output by the amplification circuit chang-
es. The output signal of the comparator changes as the
drive signal changes. The moment at which the output
signal of the comparator is inverted is defined as the mo-
ment T2. The time difference between the moment T2
and the moment T1 is the fast charging duration. The
controller may control, based on the fast charging dura-
tion, the current source to output the bias current.
[0049] Specifically, each time the liquid crystal display
coupled to the drive circuit 400 refreshes data, the con-
troller may control duration in which the current source
circuit outputs the second bias current to be the fast
charging duration. In other words, duration in which the
large bias current is supplied to the amplification circuit
is controlled to be the fast charging duration.

[0050] It is assumed that duration for refreshing data
once is Tr, and the fast charging duration is Tf. In this
case, within a Tr time period, the controller may control
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duration in which the current source circuit provides the
second bias current (the large bias current) for the am-
plification circuit to be Tf, and control duration in which
the current source circuit provides the first bias current
(a small bias current) for the amplification circuit to be
Tr-Tf.

[0051] When the liquid crystal display refreshes data,
the bias current of the amplification circuit is increased.
This can improve the charging/discharging rate of the
capacitor in the liquid crystal display. Therefore, a data
refresh rate of the liquid crystal display and performance
of the liquid crystal display are improved.

[0052] Specifically, the drive circuit 400 may perform
the foregoing solution in a blanking region (V-Blanking)
between a first frame of image and a second frame of
image, to determine the fast charging duration. Display
time of the first frame of image is earlier than display time
of the second frame of image. In other words, both the
moment T1 and the moment T2 fall within the blanking
region between the first frame of image and the second
frame of image that are displayed by the liquid crystal
display.

[0053] When the liquid crystal display displays an im-
age, there is a blanking region interval before each frame
ofthe displayed image is refreshed, and there is no signal
input in the liquid crystal display in a V-Blanking time
period. A viewer does not visually perceive that the liquid
crystal display does not display an image in the V-Blank-
ing time period. Therefore, the foregoing solution of de-
termining the fast charging duration may be performed
in the V-Blanking time period after the first frame of image
is displayed and before the second frame of image is not
displayed. Then, after the second moment, the fast
charging duration is applied when the liquid crystal dis-
play refreshes data.

[0054] Itshould be noted thatthe fastcharging duration
obtained by using the solution provided in this embodi-
ment of this application may be applied only to display
ofthe second frame ofimage, or may be applied todisplay
of another image after the second frame of image. An
application scope of the fast charging duration is not spe-
cifically limited in this embodiment of this application.
[0055] In a specific example, the drive circuit 400 may
perform the foregoing solution in a blanking region before
each frame of image is displayed, and the obtained fast
charging durationis applied only to display of a next frame
image.

[0056] In another example, the drive circuit 400 may
perform the foregoing solution only once, and the ob-
tained fast charging duration is applied to display of all
images.

[0057] In still another example, the drive circuit 400
may periodically perform the foregoing solution, and the
obtained fast charging duration is applied to display of
allimages in one periodicity. For example, each time five
frames of images are displayed, the drive circuit 400 per-
forms the foregoing solution once, and the obtained fast
charging duration is applied to display of next five frames



11 EP 4 276 812 A1 12

of images.

[0058] When the fast charging duration is applied to
the display of the second frame of image after the second
moment, specifically, when the second frame of image
is displayed, the digital-to-analog converter 401 is further
configured to: perform digital-to-analog conversion on a
digital control signal corresponding to the second frame
of image to obtain an analog control signal; the amplifi-
cation circuit is further configured to amplify the analog
control signal; and the controller is further configured to:
control the current source circuit to output the second
bias current at a third moment at which the amplification
circuit receives the analog control signal, and control the
current source circuit to output the first bias current at a
fourth moment, where a time difference between the
fourth moment and the third moment is the fast charging
duration.

[0059] That is, the controller controls the duration in
which the current source circuit outputs the second bias
current (the large bias current) to be the fast charging
duration.

[0060] As described above, when the second frame of
image is displayed, the liquid crystal display needs to
refresh data for multiple times. In this case, when the
second frame of image is displayed, it is assumed that
the duration for refreshing data once is Tr, and the fast
charging duration is Tf. In this case, within the Tr time
period, the controller may control the duration in which
the current source circuit provides the second bias cur-
rent (the large bias current) for the amplification circuit
to be Tf, and control the duration in which the current
source circuit provides the first bias current (the small
bias current) for the amplification circuit to be Tr-Tf.
[0061] In addition, the drive circuit 400 may further in-
clude: a data processing unit, configured to perform se-
rial-to-parallel conversion on RGB data input to the drive
circuit 400 to obtain parallel RGB data; and an electrical
level shifter, coupled to the data processing unit and con-
figured to perform shift processing on the parallel RGB
data to obtain the digital control signal corresponding to
the second frame of image.

[0062] The foregoing describes an execution occasion
of the solution in this embodiment of this application and
application of the fast charging duration, and the following
describes a specific solution for determining the fast
charging duration in this embodiment of this application.
[0063] In this embodiment of this application, the dig-
ital-to-analog converter 401 outputs the analog signal to
the amplifier 402 at the moment T1, and the bias current
supplied to a power supply end of the amplifier 402 in-
creases from the first bias current to the second bias
current at the moment T1. After the foregoing steps are
performed, the drive signal output by the amplifier 402
changes as an input analog signal changes. The com-
parison control circuit 403 compares the drive signal out-
put by the amplifier 402 with the preset voltage value (a
maximum voltage value or a minimum voltage value of
the analog signal), and defines the moment at which the
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output signal of the comparison control circuit 403 is in-
verted as the moment T2, where the difference between
the moment T2 and the moment T1 is the fast charging
duration.

[0064] The difference between the moment T2 and the
moment T1 may be collected by using a pulse sample
circuit (pulse sample circuit) in the controller. For a spe-
cific structure and function of the pulse sample circuit,
referto descriptionsin a conventional technology. Details
are not described herein.

[0065] In addition, in this embodiment of this applica-
tion, the first moment may be a moment at which the
liquid crystal display refreshes data.

[0066] As described above, when each frame ofimage
is displayed, the liquid crystal display needs to refresh
data for multiple times. During actual application, an LD
signal may be used to indicate the liquid crystal display
to refresh data. For example, the LD signal may be a
periodic pulse signal, and a moment at which the LD sig-
nal jumps from a low electrical level to a high electrical
level (that is, a moment at which the LD signal is valid)
is the moment at which the liquid crystal display refreshes
data. It should be noted that the LD signal is a periodic
signal, and the LD signal is output no matter when the
liquid crystal display displays an image or in a blanking
region before the liquid crystal display displays an image.
In this case, the LD signal is also output in the blanking
region between the first frame of image and the second
frame of image. When the solution in this embodiment
of this application is performed, the digital-to-analog con-
verter 401 may choose to output the analog signal to the
amplifier 402 at the moment T1 at which the LD signal is
valid, and the bias current of the amplifier 402 is also
increased from the first bias current to the second bias
current at the moment T1.

[0067] In this embodiment of this application, a differ-
ence between the maximum voltage value and the min-
imum voltage value of the analog signal is greater than
or equal to a maximum charging voltage value of the
capacitor in the liquid crystal display. Specifically, there
may be multiple types of analog signals, and the following
describes different types of analog signals by using sev-
eral specific examples.

Example 1

[0068] The analog signal may be a first step signal,
and a voltage value of the first step signal increases from
a first voltage value to a second voltage value at the first
moment. The comparison control circuit 403 is configured
to compare the voltage value of the drive signal with the
second voltage value, and a moment at which the output
signal of the comparison control circuit 403 is inverted
from a low electrical level to a high electrical level is the
second moment.

[0069] It may be easily learned that, in Example 1, the
minimum voltage value of the analog signal is the first
voltage value, and the maximum voltage value is the sec-
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ond voltage value.

[0070] Inthis embodiment of this application, when the
first step signal is input to the amplifier 402, the second
bias current is supplied to the power supply end of the
amplifier 402. The amplifier 402 buffers and outputs the
first step signal. Under a joint action of the first step signal
and the second bias current, the amplifier 402 charges
the capacitor in the liquid crystal display. The voltage
value of the drive signal output by the amplifier 402 grad-
ually increases from the first voltage value. The compar-
ison control circuit 403 compares the voltage value of the
drive signal with the maximum voltage value ofthe analog
signal (namely, the second voltage value). When the volt-
age value of the drive signal increases to the second
voltage value, the output signal of the comparison control
circuit 403 is inverted from a low electrical level to a high
electrical level, and the momentat which the output signal
ofthe comparison control circuit 403 is inverted is defined
as the moment T2, where the difference between the
moment T2 and the moment T1 is the fast charging du-
ration.

[0071] It should be noted that, in Example 1, the com-
parison control circuit 403 is configured to compare the
voltage value of the drive signal with the maximum volt-
age value of the analog signal. To be specific, a non-
inverting input end of the comparator in the comparison
control circuit403 is configured to receive the drive signal,
and an inverting input end is configured to receive the
maximum voltage value of the analog signal (namely, the
second voltage value). Therefore, when the voltage value
ofthe drive signal is less than the maximum voltage value
of the analog signal, the comparison control circuit 403
outputs a low electrical level. When the voltage value of
the drive signal is greater than or equal to the maximum
voltage value of the analog signal, the comparison control
circuit 403 outputs a high electrical level. In this case,
when the voltage value of the drive signal increases to
the maximum voltage value of the analog signal, the out-
put signal of the comparison control circuit 403 is inverted
from a low electrical level to a high electrical level. The
moment at which the output signal of the comparison
control circuit 403 is inverted from a low electrical level
to a high electrical level is the moment T2. If a received
signal of the non-inverting input end of the comparator
and a received signal of the inverting input end of the
comparator are exchanged (to be specific, the non-in-
verting input end of the comparator is configured to re-
ceive the maximum voltage value of the analog signal,
and the inverting input end is configured to receive the
drive signal), the output signal of the comparison control
circuit 403 is inverted from a high electrical level to a low
electrical level when the voltage value of the drive signal
increases to the maximum voltage value of the analog
signal. A moment at which the output signal of the com-
parison control circuit 403 is inverted from a high electri-
cal level to a low electrical level is the moment T2.
[0072] In atime period from the moment T1 to the mo-
ment T2, the drive signal output by the amplifier 402 can
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increase from the minimum voltage value of the analog
signal to the maximum voltage value of the analog signal
along with the input analog signal. Because the differ-
ence between the maximum voltage value and the min-
imum voltage value of the analog signal is greater than
or equal to the maximum charging voltage value of the
capacitor in the liquid crystal display, the fast charging
duration determined according to the solution can meet
charging/discharging time needed by all capacitors that
are coupled to the amplifier 402 and that are in the liquid
crystal display.

[0073] During actual application, a voltage applied to
the liquid crystal in the liquid crystal display (in other
words, the voltage applied to the capacitor) may be re-
ferred to as a gamma voltage, and the gamma voltage
may be represented by VGMA<1>, VGMA<2>, VG-
MA<3>, ..., and VGMA<14>, VGMA<1> corresponds to
a smallest voltage value, VGMA<14> corresponds to a
largest voltage value, and voltage values corresponding
to VGMA<1>—-VGMA<14> increase in ascending order.
For a capacitor in the liquid crystal display, a voltage
change range of the capacitor may be 0 to VGMA<7>,
for example, corresponding to 0 Vto 9 V, or may be VG-
MA<8> to VGMA<14>, for example, corresponding to 9
Vto 18 V It may be easily learned that, in the liquid crystal
display, the maximum charging voltage value of the ca-
pacitor is 9 V In this case, in Example 1, the minimum
voltage value of the first step signal (namely, the first
voltage value) may be 0 V, and the maximum voltage
value of the first step signal (namely, the second voltage
value) may be VGMA<7>.

[0074] FIG. 5 is a schematic diagram of a drive circuit
according to an embodiment of this application. The drive
circuit includes a DAC, an amplifier AMP, a current
source circuit, and a comparator Comp. In addition, the
drive circuit may further include a controller, not shown
in FIG. 5. The DAC inputs a digital signal and outputs an
analog signal after digital-to-analog conversion. The out-
put analog signal is a step signal (which may also be
referred to as a Hline pattern signal) that jumps from 0
to VGMA<7>, and a bias current of the AMP is increased
by using the current source circuit. In this case, an AHDR
signal is set to a high electrical level. The AHDR signal
is a signal that is defined in embodiments of this appli-
cation and that indicates fast charging duration. A mo-
ment at which the AHDR signal jumps to a high electrical
level may be understood as the foregoing moment T1.
Anoutput signal CH1 of the AMP is compared with a high
reference voltage VGMA<7> output by a gamma voltage
generation circuit. After the AMP completes charging of
a capacitor in a liquid crystal display, the CH1 outputs
the high reference voltage VGMA<7>, and magnitudes
of the CH1 and the high reference voltage VGMA<7>
can be determined by using a comparator Comp having
an offset voltage. When an output of the comparator is
high, the AHDR becomes low (where a moment at which
the AHDR signal becomes low may be understood as
the foregoing moment T2), and bias current increase is
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stopped. An AHDR effective width, namely, the foregoing
fast charging duration, is obtained through sampling by
the controller (not shown in FIG. 5). After a V-Blanking
interval ends, a large bias current interval whose width
is the same as the AHDR width is provided for the AMP
during each data refresh (LD), to achieve fast charging.
[0075] FIG. 6 is a sequence diagram of signals in the
drive circuit shown in FIG. 5. It may be seen from FIG. 6
that, when the foregoing solution is performed in a V-
Blanking interval, the DAC outputs the Hline pattern sig-
nal to the AMP at a moment at which LD is valid. In this
case, the AHDR signal is set to a high electrical level.
The output CH1 of the AMP gradually increases from 0
to VGMA<7>. When the CH1 reaches VGMA<7>, the
output of the Comp changes from a low electrical level
to a high electrical level. In this case, the AHDR signal
is setto a low electrical level. Duration in which the AHDR
signal is at a high electrical level is the fast charging du-
ration. When an image is displayed subsequently (that
is, an active interval), the fast charging duration is used
as acceleration duration for the AMP during each data
refresh.

Example 2

[0076] The analog signal may be a second step signal,
and a voltage value of the second step signal decreases
from a third voltage value to a fourth voltage value at the
first moment. The comparison control circuit 403 is con-
figured to compare the voltage value of the drive signal
with the fourth voltage value, and a moment at which the
output signal of the comparison control circuit 403 is in-
verted from a high electrical level to a low electrical level
is the second moment.

[0077] It may be easily learned that, in Example 2, the
minimum voltage value of the analog signal is the fourth
voltage value, and the maximum voltage value is the third
voltage value.

[0078] Inthis embodiment of this application, when the
second step signal is input to the amplifier 402, the sec-
ond bias current is supplied to the power supply end of
the amplifier 402. The amplifier 402 buffers and outputs
the second step signal. Under a joint action of the second
step signal and the second bias current, the amplifier 402
discharges the capacitor in the liquid crystal display. In
addition, the voltage value of the drive signal output by
the amplifier 402 gradually decreases from the third volt-
age value. The comparison control circuit 403 compares
the voltage value of the drive signal with the minimum
voltage value of the analog signal (namely, the fourth
voltage value). When the voltage value of the drive signal
decreases to the fourth voltage value, the output signal
of the comparison control circuit 403 is inverted from a
high electrical level to a low electrical level, and the mo-
ment at which the output signal of the comparison control
circuit 403 is inverted is defined as the moment T2, where
a difference between the moment T2 and the moment
T1 is the fast charging duration.
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[0079] It should be noted that, in Example 2, the com-
parison control circuit 403 is configured to compare the
voltage value of the drive signal with the minimum voltage
value of the analog signal. To be specific, a non-inverting
input end of the comparator in the comparison control
circuit 403 is configured to receive the drive signal, and
an inverting input end is configured to receive the mini-
mum voltage value of the analog signal (namely, the
fourth voltage value). Therefore, when the voltage value
of the drive signal is greater than the minimum voltage
value of the analog signal, the comparison control circuit
403 outputs a high electrical level. When the voltage val-
ue of the drive signal is less than or equal to the minimum
voltage value of the analog signal, the comparison control
circuit 403 outputs a low electrical level. In this case,
when the voltage value of the drive signal decreases to
the minimum voltage value of the analog signal, the out-
put signal of the comparison control circuit 403 is inverted
from a high electrical level to a low electrical level. A
moment at which the output signal of the comparison
control circuit 403 is inverted from a high electrical level
to a low electrical level is the moment T2. If a received
signal of the non-inverting input end of the comparator
and a received signal of the inverting input end of the
comparator are exchanged (to be specific, the non-in-
verting input end of the comparator is configured to re-
ceive the minimum voltage value of the analog signal,
and the inverting input end is configured to receive the
drive signal), the output signal of the comparison control
circuit 403 is inverted from a low electrical level to a high
electrical level when the voltage value of the drive signal
decreases to the minimum voltage value of the analog
signal. A moment at which the output signal of the com-
parison control circuit 403 is inverted from a low electrical
level to a high electrical level is the moment T2.

[0080] In atime period from the moment T1 to the mo-
ment T2, the drive signal output by the amplifier 402 can
decrease from the maximum voltage value of the analog
signal to the minimum voltage value of the analog signal
along with the input analog signal. Because the differ-
ence between the maximum voltage value and the min-
imum voltage value of the analog signal is greater than
or equal to the maximum charging voltage value of the
capacitor in the liquid crystal display, the fast charging
duration determined according to the solution can meet
charging/discharging time needed by all capacitors that
are coupled to the amplifier 402 and that are in the liquid
crystal display.

[0081] FIG. 7 is a schematic diagram of a drive circuit
according to an embodiment of this application. The drive
circuit includes a DAC, an amplifier AMP, a current
source circuit, and a comparator Comp. In addition, the
drive circuit may further include a controller, not shown
in FIG. 7. The DAC inputs a digital signal and outputs an
analog signal after digital-to-analog conversion. The out-
put analog signal is a step signal that jumps from VG-
MA<14> to VGMA<8>, and a bias current of the AMP is
increased by using the current source circuit. In this case,
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an AHDR signalis setto a high electrical level. The AHDR
signal is a signal that is defined in embodiments of this
application and that indicates fast charging duration. A
moment at which the AHDR signal jumps to a high elec-
trical level may be understood as the foregoing moment
T1. An output CH1 of the AMP is compared with a low
reference voltage VGMA<8> output by a gamma voltage
generation circuit. After the AMP completes discharging
of a capacitor in a liquid crystal display, the CH1 outputs
the low reference voltage VGMA<8>, and magnitudes of
the CH1 and the low reference voltage VGMA<8> can
be determined by using a comparator Comp having an
offset voltage. When an output of the comparator is low,
the AHDR becomes low (where a moment at which the
AHDR signal becomes low may be understood as the
foregoing moment T2), and bias current increase is
stopped. An AHDR effective width, namely, the foregoing
fast charging duration, is obtained through sampling by
the controller (not shown in FIG. 7). After a V-Blanking
interval ends, a large bias current interval whose width
is the same as the AHDR width is provided for the AMP
during each data refresh (LD), to achieve fast charging.
[0082] FIG. 8 is a sequence diagram of signals in the
drive circuit shown in FIG. 7. It may be seen from FIG. 8
that, when the foregoing solution is performed in a V-
Blanking interval, the DAC outputs the Hline pattern sig-
nal to the AMP at a moment at which LD is valid. In this
case, the AHDR signal is set to a high electrical level.
The output CH1 of the AMP gradually decreases from
VGMA<14> to VGMA<8>. When the CH1 reaches VG-
MA<8>, the output of the Comp changes from a high
electrical level to a low electrical level. In this case, the
AHDR signal is set to a low electrical level. Duration in
which the AHDR signal is at a high electrical level is the
fast charging duration. When an image is displayed sub-
sequently (that is, an active interval), the fast charging
duration is used as acceleration duration for the AMP
during each data refresh.

[0083] It should be noted that, in embodiments of this
application, the current source circuit in the amplifier 402
may provide the bias current for the amplification circuit
in a controllable manner. When the bias current of the
amplification circuit is small, the charging/discharging
rate of the capacitor in the liquid crystal display coupled
to the amplification circuit is low. When the bias current
of the amplification circuit is large, the charging/discharg-
ing rate of the capacitor in the liquid crystal display cou-
pled to the amplification circuit is high. The comparison
control circuit403 compares the voltage value of the drive
signal output by the amplifier 402 with the preset voltage
value, and controls, based on the comparative result, the
current source circuit to output the bias current. In this
test manner, the comparison control circuit can control,
based on a real comparative result between the voltage
value of the drive signal and the preset voltage value,
the bias current provided by the current source circuit.
This improves the charging/discharging rate of the ca-
pacitor in the liquid crystal display coupled to the drive
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circuit 400. Compared with a manner in which DHDR
duration is set to a large fixed value in the conventional
technology, the bias current provided by the current
source circuit is controlled through testing by using the
drive circuit 400, so that the bias current output by the
current source circuit can be more accurately adapted to
the capacitor in the liquid crystal display. This reduces
system power consumption.

[0084] Further, the current source circuit may be set
to provide the first bias current for the amplification circuit
before the first moment, and provide the second bias
current for the amplification circuit at the first moment,
where a current value of the second bias current is great-
er than a current value of the first bias current. The con-
troller in the comparison control circuit 403 determines
the difference between the second moment at which the
comparator in the comparison control circuit 403 is in-
verted and the first moment as the fast charging duration.
In this case, when the second bias current is supplied to
the amplifier 402, in the time period from the first moment
to the second moment, the drive signal can change from
the maximum voltage value to the minimum voltage value
or from the minimum voltage value to the maximum volt-
age value along with the input analog signal. Therefore,
the fast charging duration determined according to the
solution can meet charging/discharging time needed by
all capacitors that are coupled to the amplifier 402 and
that are in the liquid crystal display. In addition, the dif-
ference between the maximum voltage value and the
minimum voltage value that are of the analog signal may
further be set to be equal to the maximum charging volt-
age value of the capacitor in the liquid crystal display, or
the difference between the maximum voltage value and
the minimum voltage value that are of the analog signal
may be set to be slightly greaterthan the maximum charg-
ing voltage value of the capacitor in the liquid crystal dis-
play. In this way, the fast charging duration determined
according to the foregoing solution can meet charg-
ing/discharging requirements of all capacitorsin the liquid
crystal display, and the fast charging duration can be
shortened as much as possible. Therefore, system power
consumption is further reduced.

[0085] Basedonasame inventive concept, an embod-
iment of this application further provides a display appa-
ratus. As shown in FIG. 9, a display apparatus 900 in-
cludes a liquid crystal display 901 and the foregoing drive
circuit 400.

[0086] The drive circuit 400 is configured to drive the
liquid crystal display 901. For a specific operation of the
drive circuit 400, refer to the foregoing descriptions. De-
tails are not described herein again.

[0087] It is clear that a person skilled in the art can
make various modifications and variations to embodi-
ments of this application without departing from the scope
of embodiments of this application. In this way, this ap-
plication is intended to cover these modifications and var-
iations provided that they fall within the scope of protec-
tion defined by the following claims and their equivalent
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technologies.

Claims

1.

A drive circuit, comprising:

a digital-to-analog converter, configured to out-
put an analog signal;

an amplifier, configured to generate a drive sig-
nal based on the analog signal, wherein the am-
plifier comprises an amplification circuit and a
current source circuit, the amplification circuit is
configured to amplify the analog signal, and the
current source circuit is configured to provide a
bias current for the amplification circuit in a con-
trollable manner; and

a comparison control circuit, configured to com-
pare a voltage value of the drive signal with a
preset voltage value, and control, based on a
comparative result, the current source circuit to
output the bias current.

2. The drive circuit according to claim 1, wherein the

comparison control circuit comprises:

a comparator, configured to compare the volt-
age value of the drive signal with the preset volt-
age value; and

a controller, configured to control, based on the
comparative result of the comparator, the cur-
rent source circuit to output the bias current.

3. The drive circuit according to claim 2, wherein the

digital-to-analog converter is specifically configured
to:

output the analog signal at a first moment;
the current source circuit is specifically config-
ured to:

provide a first bias current for the amplifica-
tion circuit before the first moment, and pro-
vide a second bias current for the amplifi-
cation circuit at the first moment, wherein a
current value of the second bias current is
greater than a current value of the first bias
current; and

the controller is specifically configured to:
determine that a difference between a sec-
ond moment at which the drive signal is in-
verted and the first moment is fast charging
duration, and control, based on the fast
charging duration, the current source circuit
to output the bias current.

4. The drive circuit according to claim 3, wherein when

controlling, based on the fast charging duration, the

10

15

20

25

30

35

40

45

50

55

1"

current source circuit to output the bias current, the
controller is specifically configured to:

each time a liquid crystal display coupled to the drive
circuit refreshes data, control duration in which the
currentsource circuit outputs the second bias current
to be the fast charging duration.

The drive circuit according to any one of claims 1 to
4, wherein a difference between a maximum voltage
value and a minimum voltage value that are of the
analog signal is greater than or equal to a maximum
charging voltage value of a capacitor in the liquid
crystal display coupled to the drive circuit, and the
preset voltage value is the maximum voltage value
or the minimum voltage value of the analog signal.

The drive circuit according to any one of claims 3 to
5, wherein the analog signal is a first step signal, and
a voltage value of the first step signalincreases from
a first voltage value to a second voltage value at the
first moment; and the comparator is configured to
compare the voltage value of the drive signal with
the second voltage value, and a moment at which
an output signal of the comparator is inverted from
a low electrical level to a high electrical level is the
second moment.

The drive circuit according to any one of claims 3 to
5, wherein the analog signal is a second step signal,
and a voltage value of the second step signal de-
creases from a third voltage value to a fourth voltage
value at the first moment. The comparator is config-
ured to compare the voltage value of the drive signal
with the fourth voltage value, and a moment at which
an output signal of the comparator is inverted from
a high electrical level to a low electrical level is the
second moment.

The drive circuit according to any one of claims 3 to
7, wherein both the first moment and the second mo-
ment fall within a blanking region between a first
frame of image and a second frame of image that
are displayed by the liquid crystal display coupled to
the drive circuit, and display time of the first frame
of image is earlier than display time of the second
frame of image.

The drive circuit according to claim 8, wherein the
digital-to-analog converter is further configured to:

perform digital-to-analog conversion on a digital
control signal corresponding to the second
frame of image, to obtain an analog control sig-
nal;

the amplification circuit is further configured to:

amplify the analog control signal; and
the controller is further configured to: control
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the current source circuit to output the sec-
ond bias current at a third moment at which
the amplification circuit receives the analog
control signal, and control the current
source circuit to output the first bias current 5
at a fourth moment, wherein a time differ-
ence between the fourth moment and the
third moment is the fast charging duration.
10. The drive circuit according to any one of claims 3to 70
9, wherein the first moment is a moment at which
the liquid crystal display refreshes data.
11. A display apparatus, comprising a liquid crystal dis-

play and the drive circuit according to any one of 75
claims 1 to 10.
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