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(57) ABSTRACT

A method of filtering a ripple can include: (i) generating, by
a sampling circuit, a sense voltage signal that represents an
output current flowing through a load; (ii) generating, by a
filter circuit, a filter voltage signal by filtering the sense
voltage signal, where the filter circuit includes a switch
capacitor circuit and a filter capacitor; and (iii) generating,
by an error amplifying circuit, an error compensation signal
by amplifying a difference between the sense voltage signal
and the filter voltage signal, where the error compensation
signal is configured to compensate and regulate the output
current flowing through the load by controlling a power
switch that is coupled to the load and the sampling circuit.
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Obtain a sense voltage signal by sampling an output current
flowing through a load
101

l

Obtain a filter voltage signal by providing low-pass
filtering on the sense voltage signal
102

l

Generate an error compensation signal by amplifying the
sense voltage signal and the filter voltage signal to
compensate and regulate the output current
103

FIG. 1
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RIPPLE FILTER CIRCUIT AND RIPPLE
FILTER METHOD

RELATED APPLICATIONS

[0001] This application claims the benefit of Chinese
Patent Application No. 201410415783 X, filed on Aug. 22,
2014, which is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

[0002] The present disclosure generally relates to the field
of power electronics, and more particularly to ripple filter
circuits and associated methods.

BACKGROUND

[0003] A switched-mode power supply (SMPS), or a
“switching” power supply, can include a power stage circuit
and a control circuit. When there is an input voltage, the
control circuit can consider internal parameters and external
load changes, and may regulate the on/off times of the
switch system in the power stage circuit. Switching power
supplies have a wide variety of applications in modern
electronics. For example, switching power supplies can be
used to drive light-emitting diode (LED) loads.

SUMMARY

[0004] In one embodiment, a method of filtering a ripple
can include: (i) generating, by a sampling circuit, a sense
voltage signal that represents an output current flowing
through a load; (ii) generating, by a filter circuit, a filter
voltage signal by filtering the sense voltage signal, where the
filter circuit includes a switch capacitor circuit and a filter
capacitor; and (iii) generating, by an error amplifying cir-
cuit, an error compensation signal by amplifying a difference
between the sense voltage signal and the filter voltage signal,
where the error compensation signal is configured to com-
pensate and regulate the output current flowing through the
load by controlling a power switch that is coupled to the load
and the sampling circuit.

[0005] In one embodiment, a ripple filter circuit can
include: (i) a sampling circuit figured to generate a sense
voltage signal that represents an output current flowing
through a load; (ii) a filter circuit configured to generate a
filter voltage signal by filtering the sense voltage signal,
where the filter circuit includes a switch capacitor circuit and
a filter capacitor; and (iii) an error amplifying circuit con-
figured to generate an error compensation signal by ampli-
fying a difference between the sense voltage signal and the
filter voltage signal, where the error compensation signal is
configured to compensate and regulate the output current
flowing through the load by controlling a power switch that
is coupled to the load and the sampling circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a flow diagram of an example method of
controlling a filter, in accordance with embodiments of the
present invention.

[0007] FIG. 2 is a schematic block diagram of a first
example ripple filter circuit, in accordance with embodi-
ments of the present invention.
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[0008] FIG. 3 is a schematic block diagram of a second
example ripple filter circuit, in accordance with embodi-
ments of the present invention.

[0009] FIG. 4 is a schematic block diagram of an example
RC filter circuit.

[0010] FIG. 5 is a waveform diagram of example operat-
ing signals, in accordance with embodiments of the present
invention.

[0011] FIG. 6 is a schematic block diagram of a third
example ripple filter circuit, in accordance with embodi-
ments of the present invention.

[0012] FIG. 7 is a schematic block diagram of a fourth
example ripple filter circuit, in accordance with embodi-
ments of the present invention.

[0013] FIG. 8 is a waveform diagram of additional
example operating signals, in accordance with embodiments
of the present invention.

DETAILED DESCRIPTION

[0014] Reference may now be made in detail to particular
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. While the invention
may be described in conjunction with the preferred embodi-
ments, it may be understood that they are not intended to
limit the invention to these embodiments. On the contrary,
the invention is intended to cover alternatives, modifications
and equivalents that may be included within the spirit and
scope of the invention as defined by the appended claims.
Furthermore, in the following detailed description of the
present invention, numerous specific details are set forth in
order to provide a thorough understanding of the present
invention. However, it may be readily apparent to one
skilled in the art that the present invention may be practiced
without these specific details. In other instances, well-known
methods, procedures, processes, components, structures,
and circuits have not been described in detail so as not to
unnecessarily obscure aspects of the present invention.
[0015] In a typical AC-DC driving circuit, an input AC
current can be rectified to obtain a half-sine wave DC current
through a rectifier bridge. The half-sine wave DC current
can be converted to a DC current through a power stage
circuit that is controlled by a power factor correction (PFC)
constant current control circuit. However, power frequency
“ripples” or small variations from a constant value can occur
to a DC current that is output by an AC-DC driving circuit.
As a result, the service life of a load may be shortened due
to adverse effects caused by direct use of the DC current
with power frequency ripples. For example, in a light-
emitting diode (LED) driver, the power frequency ripples
may result in “flashes,” which can shorten the service life of
the LEDs. Therefore, a ripple filter for the DC current of the
AC-DC driving circuit may be utilized. For example, the
ripple filter can include an RC filter circuit with a filter
capacitor and a resistor configured as a low-pass filter in
order to eliminate the ripples.

[0016] However, an output current of an AC-DC driving
circuit might mainly contain a low frequency ripple of, e.g.,
from about 100 to about 120 Hz. Thus, a low-pass filter with
a relatively large capacitance may be employed to filter the
power frequency ripple of the output current. For example,
if an RC low-pass filter including a resistor and a filter
capacitor is used, the time constant of the RC low-pass filter
may reach about 100 ms. Also for example, the capacitance
of the filter capacitor can be about 100 nF when the
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resistance of the resistor is about 1MQ. However, the
relatively large capacitor of about 100 nF may be difficult to
integrate into a chip, and instead may be realized by discrete
devices that are outside of the chip. Such discrete compo-
nents can increase the cost of the low-pass ripple filter.
[0017] In one embodiment, a method of filtering a ripple
can include: (i) generating, by a sampling circuit, a sense
voltage signal that represents an output current flowing
through a load; (ii) generating, by a filter circuit, a filter
voltage signal by filtering the sense voltage signal, where the
filter circuit includes a switch capacitor circuit and a filter
capacitor; and (iii) generating, by an error amplifying cir-
cuit, an error compensation signal by amplifying a difference
between the sense voltage signal and the filter voltage signal,
where the error compensation signal is configured to com-
pensate and regulate the output current flowing through the
load by controlling a power switch that is coupled to the load
and the sampling circuit.

[0018] Referring now to FIG. 1, shown is a flow diagram
of an example method of controlling a filter, in accordance
with embodiments of the present invention. In this particular
example, at 101, a sense voltage can be obtained by sam-
pling an output current that flows through a load. The sense
voltage signal can thus represent the current output current
flowing through the load. At 102, a filter voltage signal can
be obtained by filtering the sense voltage signal. The sense
voltage signal can be filtered by a filter circuit connected to
the sampling circuit. For example, the filter circuit can
includes a filter capacitor and a switch capacitive circuit that
is controlled by a clock signal. The switch capacitor circuit
can effectively simulate the characteristics of a resistor, and
may include a switch and a capacitor so as to be substantially
equivalent to a resistor of an RC low-pass filter circuit.
[0019] In one embodiment, a ripple filter circuit can
include: (i) a sampling circuit figured to generate a sense
voltage signal that represents an output current flowing
through a load; (ii) a filter circuit configured to generate a
filter voltage signal by filtering the sense voltage signal,
where the filter circuit includes a switch capacitor circuit and
a filter capacitor; and (iii) an error amplifying circuit con-
figured to generate an error compensation signal by ampli-
fying a difference between the sense voltage signal and the
filter voltage signal, where the error compensation signal is
configured to compensate and regulate the output current
flowing through the load by controlling a power switch that
is coupled to the load and the sampling circuit.

[0020] Referring now to FIGS. 2 and 3, shown are sche-
matic block diagrams of example ripple filter circuits, in
accordance with embodiments of the present invention. In
this particular example, the switch capacitor circuit can
include capacitor C1, switch K1, and switch K2 connected
at a common node, and capacitor C1 can also be connected
to ground. Two opposite clock signals (first and second
clock signals) can control switches K1 and K2. With the
control of such opposite clock signals, the switching states
of switches K1 and K2 may always be opposite to each other
at any point time. For example, when switch K1 is on, switch
K2 is off; or when switch K2 is on, switch K1 is off.
[0021] Switch K1 can connect to a first terminal of capaci-
tor C1 and a first terminal of switch K2. A second terminal
of capacitor C1 can connect to ground, and second terminals
of switches K1 and K2 can be configured as two terminals
of the switch capacitor circuit. Filter capacitor C2 may have
a first terminal connected to ground, and a second terminal
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connected to the second terminal of switch K1. A common
node of filter capacitor C2 and switch K1 can be configured
as the output terminal out of the filter circuit. Also, the
second terminal of switch K2 can be configured as the input
terminal in of the filter circuit, which can connect to the
output of the sampling circuit.

[0022] Referring also now to FIG. 4, shown is a schematic
block diagram of an example RC filter circuit. In the
examples of FIGS. 2 and 3, the switch capacitor circuit
controlled by the first and second clock signals may be used
to replace resistor R in the RC filter circuit as shown in FIG.
4. The resistance of the switch capacitor circuit can be
denoted by Req, where Req=1/(f¢pxC1). For example, {¢
may represent the frequency (i.e., the switch frequency) of
the first and second clock signals that are used to control
switches K1 and K2, and C1 can represent the capacitance
of capacitor C1 in the switch capacitor circuit.

[0023] The filter circuit formed by the switch capacitor
circuit and filter capacitor C2 can be substantially equivalent
to the RC low-pass filter, as shown in FIG. 4. If the
capacitance of the filter capacitor is C2, the time constant of
the filter capacitor in this example is RC=ReqxC2=C2/(fpx
C1). In this case, fp=nxfac, and C2=n2xC1, where “fac”
represents the ripple frequency of the output current. Also,
RC=n/fac=nxTac, where “Tac” represents the ripple cycle of
the output current.

[0024] An improved filter result can be obtained by setting
“n” to be an integer greater than or equal to 5, and less than
or equal to 20. For example, if ripple frequency “fac” of the
output current is about 100 Hz, and taking n=10 as an
example, the frequency f¢ of the first and second clock
signals that control switches K1 and K2 is 1 kHz, the
capacitance of filter capacitor C2 is C2=n2xC1=1000 pF,
and the capacitance of capacitor C1 is C1=10 pF, so low-
pass filtering can be obtained with an RC time constant of
100 ms. In this way, the capacitance values in the low-pass
filter circuit can be significantly reduced as compared to
other approaches such that all of the ripple low-pass filter
circuit components can be integrated into a single chip.
[0025] Referring back to FIG. 1, at 103 an error compen-
sation signal can be generated by amplifying an error
between the sense voltage signal and the filter voltage signal,
in order to compensate and regulate the output current. The
error compensation signal can be generated by comparing
the sense voltage signal against the filter voltage signal
through an error amplifying circuit (e.g., GM), to compen-
sate/regulate the output current in order to substantially
eliminate the ripples. The output current can thus be a
constant DC current without any substantial AC component.
In this way, the filter circuit can be implemented with the
switch capacitor circuit and the filter capacitor, and all of the
capacitors in the filter circuit may have relatively low
capacitance values to facilitate chip integration.

[0026] The examples of FIGS. 2 and 3 can include a
sampling circuit, a filter circuit, and an error amplifying
circuit. For example, the sampling circuit can sample the
output current flowing through the load in order to generate
the sense voltage signal (e.g., at the common node between
sampling resistor Rs and the source of power transistor Q).
The filter circuit can include a switch capacitor circuit
controlled by clock signals and including a filter capacitor.
For example, the switch capacitor circuit can be substan-
tially equivalent to the RC filter circuit that includes resistor
R and filter capacitor C, shown in FIG. 4. The input terminal
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of the filter circuit can connect the output terminal of the
sampling circuit, and the filter circuit can generate a filter
voltage signal by filtering the sense voltage signal.

[0027] The output terminal “out” of the filter circuit can
connect to the noninverting input terminal of the error
amplifying circuit via supply Vos. Also, an inverting input
terminal of the error amplifying circuit can connect sense
voltage signal Vs. The error amplifying circuit can amplify
an error between the sense voltage signal and the filter
voltage (output) signal, and may generate an error compen-
sation signal. The error compensation signal can be used to
compensate the output current flowing through the load in
order to substantially eliminate the ripples, and to obtain a
constant DC current without an AC component.

[0028] For example, the error amplifying circuit can be
implemented by error amplifier GM, and the sampling
circuit can include sampling resistor Rs to generate sense
voltage signal Vs by sampling the output current. The ripple
filter circuit can include power switch Q (e.g., a MOS
transistor) with a drain connected to a load, and a source
connected to sampling resistor Rs. The common node “S” of
sampling resistor Rs and power switch Q can be configured
as an output terminal of sampling resistor Rs, at which
sampling voltage Vs is generated. Sense voltage signal Vs
can thus be in direct proportion to the output current (Tout),
where lout=Ids=Vs/Rs, and Ids is the current flowing
through power switch Q. The gate of power switch Q can
connect to the output terminal of error amplifier GM. Error
amplifier GM can generate an error compensation signal to
regulate current Ids of power switch Q. In this way the
output current can be regulated, and the ripples can be
substantially eliminated in order to obtain a constant DC
current without any substantial AC component.

[0029] Inthis example, power switch Q is implemented by
a MOS transistor having a drain connected to the load, a
source connected to the sampling resistor, and a gate con-
nected to an output terminal of the error amplifying circuit.
Based on MOS transistor operating principles, the current
flowing through the MOS transistor can be regulated by the
gate-source voltage. Thus, the gate-source voltage can be
controlled by regulating the gate voltage of the MOS tran-
sistor according to the error compensation signal. Also,
power switch Q can remain on under the driving of the error
compensation signal when error amplifier GM operates
normally. Voltage source Vos with voltage value Vosl can
connect in series between the noninverting input terminal of
error amplifier GM and an output of the filter circuit. Thus,
the filter voltage signal generated by the filter circuit may be
added with voltage value Vos1 prior to being provided to the
noninverting input terminal of error amplifier GM. There-
fore, the voltage at the noninverting input terminal of the
error amplifier may be greater than voltage Vs at the
inverting input terminal in order to guarantee that the error
compensation signal generated by error amplifier GM is
high to initially turn on power switch Q.

[0030] As an example with reference to FIG. 3, the ripple
filter circuit can include comparator CMP, switch K3, and
capacitor C3. For example, the inverting input terminal of
comparator CMP can connect to the drain of power switch
Q to receive drain voltage VD thereof. The noninverting
input terminal of comparator CMP can connect to the gate
of power switch Q to receive gate signal VG thereof. An
output terminal of comparator CMP can connect the control
terminal of switch K3, to control the switching states of
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switch K3. Switch K3 can connect between filter capacitor
C2 and capacitor C3 in the filter circuit. A terminal of
capacitor C3 can connect to switch K3, and another terminal
thereof can connect to ground.

[0031] When the voltage at the noninverting input termi-
nal of comparator CMP is greater than the voltage at the
inverting input terminal, comparator CMP may output a high
on signal Vemp to turn on switch K3. In this case, filter
capacitor C2 and capacitor C3 are effectively connected in
parallel, and a portion of the energy stored in filter capacitor
C2 may be discharged to capacitor C3 as part of charge
sharing between the two capacitors. Filter capacitor C2 can
charge capacitor C3 so as to slowly reduce the voltage across
filter capacitor C2. The voltage at the noninverting input
terminal of error amplifier GM may slowly be reduced, and
as a result the error compensation signal VG generated by
error amplifier GM may also be gradually reduced. This can
continue until error compensation signal VG equals a mini-
mum value (e.g., the valley value) of drain voltage VD of
power switch Q in a switching cycle during the steady state.
In some cases, the “equal” here may actually fluctuate near
the valley value. In this way, the voltage difference between
the two input terminals of error amplifier GM can be reduced
due to charge accumulation, and this may improve the error
compensation accuracy of the output current. Thus, the
circuit may gradually be in a steady state as error compen-
sation signal VG gradually reaches the valley value of sense
voltage signal VD.

[0032] Referring again to FIG. 2, voltage source Vth with
a voltage value of Vth0 can connect between the drain of
power switch Q and the inverting input terminal of com-
parator CMP, and Vth0=Vthq, where Vthq is a conduction
threshold voltage of power switch Q. The error compensa-
tion signal VG input to power switch Q and drain voltage
VD may be greater than Vth0, and a portion of the energy
stored in filter capacitor C2 may be gradually released to
lower error compensation signal VG. This can guarantee that
power switch Q operates in a saturation mode by regulating
the difference between error compensation signal VG and
the valley value of drain voltage VD of power switch Q to
be substantially equal to voltage value Vth0. In this way, the
voltage difference between the two input terminals of error
amplifier GM can be reduced due to charge accumulation,
and may improve the error compensation accuracy of the
output current. This can also maintain power switch Q in a
saturated conduction state, which can improve the stability
of the ripple filter circuit.

[0033] Referring now to FIG. 5, shown is a waveform
diagram of example operating signals, in accordance with
embodiments of the present invention. In this particular
example, voltage source Vth can be Vth0=Vthq, and when
VG-VD>Vthq, a portion of the energy stored in filter
capacitor C2 may be released through capacitor C3. Thus,
the difference between voltage VG and the valley value of
voltage VD may substantially equal threshold voltage Vthq
of power switch Q. This can guarantee that power switch Q
operates in a critical saturation condition, and can further
minimize power losses on power switch Q and sampling
resistor Rs. Shown in FIG. 5 are example waveforms of
voltage signal VG, voltage signal VD, threshold voltage
Vth0, and output signal Vemp generated by comparator
CMP.

[0034] Referring back once again to FIGS. 2 and 3, the
ripple filter circuit can also include switch K4 with a
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terminal connected to a common node of capacitor C3 and
switch K3, and another terminal connected to ground. The
control signal of switch K4 can be opposite to that of switch
K3. When switch K3 is turned on, switch K4 may be turned
off, and the energy stored in filter capacitor C2 can be
discharged via charge sharing to capacitor C3. For example,
when the voltage at the noninverting input terminal of
comparator CMP is less than the voltage at the inverting
input terminal, switch K3 can be turned off, and switch K4
may be turned on. In this case, so capacitor C3 can be
shorted to ground to discharge capacitor C3. In this way, the
energy stored in filter capacitor C2 may be released through
capacitor C3 when switch K3 is turned on and switch K4 is
turned off. In addition, an inverter “NOT” can connect
between an output terminal of comparator CMP, and the
output signal of inverter NOT can control switch K4.
[0035] Referring now to FIG. 6, shown is a schematic
block diagram of a third example ripple filter circuit, in
accordance with embodiments of the present invention. In
this particular example, the ripple filter circuit can regulate
the charge of filter capacitor C2 according to the gate-drain
voltage of power switch Q. This example ripple filter circuit
can include comparator CMP, switch K5, and current source
11. The inverting input terminal of comparator CMP can
connect via voltage source Vth to the drain of power switch
Q and to the load. The noninverting input terminal of
comparator CMP can connect to the gate of power switch Q,
and the output terminal can control switch K5.

[0036] A terminal of switch K5 can connect between node
“out” of filter capacitor C2 and the positive pole of current
source I1. A control terminal of switch K5 can connect to the
output terminal of comparator CMP, and the negative pole of
current source I1 can connect ground. In this example, the
electric charge of filter capacitor C2 can be regulated accord-
ing to the gate-drain voltage of power switch Q. When the
voltage at the noninverting input terminal of comparator
CMP is greater than the voltage at its inverting input
terminal, comparison signal Vemp can be high to turn on
switch K5. In this case, the energy stored in filter capacitor
C2 can be gradually discharged through a discharge loop
that includes switch K5 and current source I1 until error
compensation signal VG substantially equals to the mini-
mum value (e.g., the valley value) of drain voltage VD of
power switch Q (e.g., in a switching cycle in the steady
state).

[0037] In this example, the discharge current of filter
capacitor C2 can be controlled by current source I1. There-
fore, this approach can facilitate control the discharge cur-
rent of filter capacitor C2, in order to control the electric
charge of filter capacitor C2. In some cases, the released
electric charge of filter capacitor C2 may match with charge
accumulation by controlling the discharge current and the
discharge time. This can make the voltage decrease caused
by releasing the electric charge correspond to the voltage
increase caused by charge accumulation. In this way, the
ripple filter circuit can be controlled to operate in a steady
state, and as a result, the output current can be a substantially
constant DC current without AC components.

[0038] Referring now to FIG. 7, shown is a schematic
block diagram of a fourth example ripple filter circuit, in
accordance with embodiments of the present invention. In
this particular example, the ripple filter circuit can include
pulse width signal generator 701. Pulse width signal gen-
erator 701 can connect between the output terminal of
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comparator CMP and the control terminal of switch K5.
Pulse width signal generator 701 can generate a pulse signal
“VKS5” with a plurality of predetermined cycles in order to
control switch K5 when the difference between error com-
pensation signal VG and drain voltage VD of power switch
Q is greater than threshold voltage Vth.

[0039] Referring now to FIG. 8, shown is a waveform
diagram of additional example operating signals, in accor-
dance with embodiments of the present invention. When the
difference between error compensation signal VG and drain
voltage VD of power switch Q is greater than threshold
voltage Vth, output signal Vemp of comparator CMP can be
high, and pulse signal generator 701 may generate pulse
signal VKA. For example, the cycle of pulse signal VK5 may
be less than that of output signal Vemp, and switch K5 can
be controlled by pulse signal VKS5. If switch K5 is turned on
when pulse signal VKS5 is high, filter capacitor C2 may be
discharged by current source I1. After a time period, when
pulse signal VK5 is low, switch K5 may be turned off to stop
the discharging of filter capacitor C2. However, filter capaci-
tor C2 may still be discharged for a while when pulse signal
VKS5 again goes high.

[0040] In this way, filter capacitor C2 may gradually and
intermittently be discharged in a plurality of relatively small
time intervals until error amplifier GM operates in the steady
state. The difference between error compensation signal VG
and drain voltage VD of power switch Q can be substantially
equal to voltage value Vth0. Thus, in addition to the dis-
charging current of filter capacitor C2 being controlled by a
current source, the discharge time thereof can also be
controlled. This can accurately control the discharge electric
charge in order to prevent normal operation of the circuit
from being affected by “flash” caused by inadequate dis-
charge electric charge. In this way, an improved filter result
can be achieved with for simplified circuitry and control, and
the output current can be a substantially constant DC current
without any AC component.

[0041] The embodiments were chosen and described in
order to best explain the principles of the invention and its
practical applications, to thereby enable others skilled in the
art to best utilize the invention and various embodiments
with modifications as are suited to particular use(s) contem-
plated. It is intended that the scope of the invention be
defined by the claims appended hereto and their equivalents.

1. A method of filtering a ripple signal, the method

comprising:

b) generating, by a filter circuit, a filter voltage signal by
filtering a sense voltage signal representing a driving
current flowing through a load, wherein said filter
circuit comprises a switch capacitor circuit and a filter
capacitor; and

¢) generating, by an error amplifying circuit, an error
compensation signal by amplifying a difference
between said sense voltage signal and said filter voltage
signal, wherein said error compensation signal is con-
figured to compensate and regulate an output current
flowing through said load by controlling a power
switch that is coupled to said load and a sampling
circuit.

2. The method of claim 1, further comprising controlling
said switch capacitor circuit by a clock signal having a
frequency proportional to a frequency of said output current.
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3. The method of claim 1, further comprising turning on
said power switch in an initial state by said error compen-
sation signal.

4. The method of claim 1, further comprising releasing a
portion of electric charge from said filter capacitor when a
difference between said error compensation signal and a
voltage at a drain of said power switch is greater than a
predetermined threshold voltage, wherein said predeter-
mined threshold voltage is less than or equal to a conduction
threshold voltage of said power switch.

5. The method of claim 4, wherein said releasing said
portion of said electric charge of said filter capacitor com-
prises charge sharing with a first capacitor.

6. The method of claim 4, wherein said releasing said
portion of said electric charge of said filter capacitor com-
prises charge sharing with a first capacitor comprises using
a current source.

7. A ripple filter circuit, comprising:

d) a controllable current source coupled in series to a load
to receive a driving current having a DC component
and an ripple component;

e) a filter circuit configured to generate a filter voltage
signal that represents said DC component; and

f) an error amplifying circuit configured to generate an
error compensation signal by amplifying an error
between a sense voltage signal that represents said
driving current and said filter voltage signal, wherein
said error compensation signal is configured to control
an output current of said controllable current source to
be consistent with said ripple component.

8. The ripple filter circuit of claim 7, wherein said filter

circuit comprises

b) a switch capacitor circuit having a first switch con-
trolled by a first clock signal, and first capacitor
coupled in series between said sense voltage signal and
ground.

9. The ripple filter circuit of claim 8, wherein a frequency
of'said first clock signal is proportional to a ripple frequency
of said driving current.

10. The ripple filter circuit of claim 7, further comprising
a first voltage source coupled between an input terminal of
said error amplifying circuit and an output terminal of said
filter circuit, wherein said error compensation signal is high
in an initial state to turn on said power switch.

11. The ripple filter circuit of claim 20, wherein said
control circuit further comprises:

a) a comparator having a first input terminal coupled to a
first terminal of said power switch, and a second input
terminal coupled to a control terminal of said power
switch, and being configured to generate a comparison
control signal to control a first switch; and

b) a first capacitor coupled to said first switch and ground,
wherein said first switch is coupled between said filter
capacitor and said first capacitor, wherein a portion of
energy stored in said filter capacitor is released through
said first capacitor said first switch is turned on by said
comparison control signal.

12. The ripple filter circuit of claim 20, further comprising

a first voltage source coupled between said common node
between said power switch and said load, and said first input
terminal of said control circuit, and having a voltage value
that is less than or equal to a conduction threshold voltage
of said power switch.
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13. The ripple filter circuit of claim 20, further comprising
a second switch coupled to ground and a common node of
said first capacitor and said first switch, and another terminal
coupled to a ground, wherein said first switch is off and said
second switch is on to release said energy stored in said first
capacitor when a voltage at a second input terminal of said
comparator is less than a voltage at a first input terminal of
said comparator.

14. The ripple filter circuit of claim 20, further compris-

ing:

a) a comparator having a first input terminal coupled to a
first terminal of said power switch, and a second input
terminal coupled to a control terminal of said power
switch, and being configured to generate a comparison
control signal; and

b) a first switch being controllable by said comparison
control signal and having a first terminal coupled to a
common node of said filter capacitor and a second input
terminal of said error amplifier, and a second terminal
coupled to a positive pole of a current source, wherein
a negative pole of said current source is coupled to
ground, wherein energy stored in said filter capacitor is
released through said current source when a voltage at
said second input terminal of said comparator is greater
than a voltage at said first input terminal of said
comparator.

15. The ripple filter circuit of claim 14, further comprising
a pulse width signal generator coupled between an output of
said comparator and a control terminal of said first switch,
wherein said pulse width signal generator is configured to
generate a pulse signal with a plurality of predetermined
cycles to control said first switch.

16. The ripple filter circuit of claim 18, wherein said
power switch comprises a MOS transistor having a drain
being coupled to said load, a source coupled to said sam-
pling circuit, and a gate coupled to an output of said error
amplifying circuit.

17. The ripple filter circuit of claim 7, wherein said
controllable current source is configured as a power switch
operating in a linear mode.

18. The ripple filter circuit of claim 17, further comprising
a sampling circuit, and wherein said load, said power switch,
and said sampling circuit are coupled in series in sequence
between said driving current and ground.

19. The ripple filter circuit of claim 18, wherein said filter
circuit further comprises a second switch controlled by a
second clock signal that is complementary with said first
clock signal, and a second capacitor coupled in series
between ground and a common node between said first
switch and said first capacitor.

20. The ripple filter circuit of claim 17, further comprising
a control circuit having a first input terminal coupled to a
common node between said load and said power switch, a
second input terminal coupled to said output terminal of said
error amplifying circuit, and an output terminal coupled to
output of said filter circuit, wherein said control circuit is
configured to control said error compensation signal to be
consistent with a valley value of the voltage at said common
node between said load and said power switch.
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