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RIPPLE CANCELLATION CIRCUIT IN SWITCHING DC-DC CONVERTERS
AND METHODS THEREOF

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims priority to provisional patent application no.
201841033931 entitled Method of Ripple Cancellation in Switching DC-DC Converters
filed on 10.09.2018.

FIELD OF THE INVENTION

[0002] The disclosure relates generally to output compensation in voltage converters

and in particular to ripple current cancellation in switching DC-DC converters.

DESCRIPTION OF THE RELATED ART

[0003] A switching regulator suffers from large output ripple which makes it unsuitable
for noise sensitive applications such as analog and RF. Prior techniques used to reduce
the output ripple include increasing switching frequency, using large output capacitors or
active ripple cancellation. Increasing switching frequency reduces overall efficiency,
larger capacitor increase area and increases cost of the module. Also, conventional ripple
cancellation techniques use parallel inductive path as shown in FIG. 1A which is 180
degree out of phase and ac coupled to inject equal and opposite ripple current. However,
this technique requires perfect matching between main inductor and ripple cancellation
inductor. Since inductors may easily have 10-20% tolerances, large mismatch between
two inductors may result in negligible or no reduction in the output ripple. The mismatch
between two inductors is due to manufacturing tolerances as well as dc current
mismatch. Hence reduction in the output ripple could be as low as -0.5 which makes the
ripple cancellation completely ineffective and -100% ripple is observed in the output

voltage. The mismatch between the two inductors ripple cancellation inductor (Lg) and
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main inductor (Ly) is such that L, = (1 + k) - Ly, where k is the mismatch factor. k could
be either negative of positive depending upon mismatch between Lr and Ly. Normalized
ripple vs mismatch factor is shown in FIG. 1B. It can be concluded from FIG. 1B that k
must be O for perfect ripple cancellation. Therefore a control technique to cancel the
effect of mismatch between two inductors and thereby achieve perfect ripple cancellation

in the output voltage is essential.

[0004] The US patent US8169201B2 discloses an output compensator for a regulator
that can improve the dynamic response of the regulator. US7471155B1 describes a ripple
cancellation circuitry that is used with a switching power supply that provides direct
current (DC) power via a DC power amplifier (PA) signal to an RF PA final stage. A
ripple cancellation converter having a high power factor is disclosed in the US patent
US20170099710A1. ”A Passive Filter Building Block for Input or Output Current
Ripple Cancellation in a Power Converter,” Soumya et al (IEEE Journal of Emerging
and Selected Topics in Power Electronics, October, 2015) analyzes a coupled inductor
based LL-LC network as a building block to achieve input or output current ripple

cancellation in power converters.

[0005] System and methods are disclosed that may cancel the ripples in the output

signal in a switching voltage regulator circuit.
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SUMMARY OF THE INVENTION

[0006] In various embodiments a ripple cancelling circuit for generating a ripple
cancelling current signal to cancel ripples in an output signal in a voltage regulator is
disclosed. The compensator circuit includes an inductor mismatch compensator circuit
and a ripple cancellation circuit. The inductor mismatch compensator circuit includes a
ripple detector and a supply generator. The ripple detector is configured to receive the
output signal from the voltage regulator and generate a control signal based on a
difference between a reference signal and the received output signal. In various
embodiments the supply generator is configured to receive the control signal and
generate a supply signal. The ripple cancellation current signal generator circuit includes
a voltage generator and a ripple cancellation inductor. The voltage generator is
configured to receive the supply signal and a first pulse width modulated signal and
generate a switching voltage signal. In various embodiments the ripple cancellation
inductor is configured to receive the switching voltage signal and generate the ripple

cancelling current signal.

[0007] In various embodiments the ripple cancelling circuit further includes a controller
that is configured to receive the output signal and generate a first pulse width modulated
signal and a second pulse width modulated signal. In various embodiments the first pulse
width modulated signal and the second pulse width modulated signal are equal in

magnitude and 180° out of phase with each other.

[0008] In some embodiments the controller includes a first set of components that
generate an inverted duty cycle control signal and a second set of components that
generate signals that add to the inverted duty cycle control signal to produce the first
pulse width modulated signal during a load/line transient. In some embodiments the first
set of components comprise one or more of low pass filter, proportional integral

derivative (PID) compensator or proportional integral (PI) compensator and the second
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set of components include one or more of high pass filter, proportional compensator or

derivative compensator.

[0009] In various embodiments the ripple cancelling current signal is equal in
magnitude and opposite in phase to a main inductor current signal produced at the
voltage regulator. In various embodiments the supply signal is a function of the output

signal.

[0010] In various embodiments a switching voltage regulator is disclosed. The
switching voltage regulator includes a voltage conversion circuit that is configured to
produce an output signal and a ripple cancelling circuit configured to generate a ripple
cancelling current signal to cancel ripples in the output signal in the voltage regulator. In
various embodiments the voltage conversion circuit includes an input voltage source and
a first inductor producing a main inductor current signal. In various embodiments the
ripple cancelling circuit includes an inductor mismatch compensator circuit and a ripple
cancellation current signal generator circuit. In various embodiments the inductor
mismatch compensator circuit includes a ripple detector that is configured to receive the
output signal from the voltage regulator and generate a control signal based on a
difference between a reference signal and the received output signal. In various
embodiments the inductor mismatch compensator circuit further includes a supply
generator that is configured to receive the control signal and generate a supply signal. In
various embodiments the ripple cancellation current signal generator circuit includes a
voltage generator and a ripple cancellation inductor. The voltage generator is configured
to receive the supply signal and a first pulse width modulated signal and generate a
switching voltage signal. The ripple cancellation inductor is configured to receive the

compensating voltage signal and generate the ripple cancelling current signal.

[0011] In various embodiments the regulator includes a controller that is configured to

receive the output signal and generate a first pulse width modulated signal and a second
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pulse width modulated signal. In various embodiments the first pulse width modulated
signal and the second pulse width modulated signal are equal in magnitude and 180° out
of phase with each other. In various embodiments the first pulse width modulated signal
is an input signal to the input voltage source. In various embodiments the second pulse

width modulated signal is an input signal to the voltage generator.

[0012] In various embodiments the compensating current signal is equal in magnitude
and opposite in phase to a main inductor current signal produced at the voltage regulator.
In various embodiments the supply signal is a function of the output signal. In some
embodiments the size of the ripple cancellation inductor is equal to the size of the first
inductor or is smaller by a factor N, when the supply signal Viy g is scaled by a factor of

N with respect to an input voltage Vy of the input voltage source.

[0013] A method of cancelling ripples in an output signal of a switching voltage
regulator is disclosed in some embodiments. The switching voltage regulator has a
conversion circuit and a ripple cancelling circuit. The method includes the steps of
receiving the output signal from the voltage regulator by a ripple detector. A control
signal is generated by the ripple detector based on a difference between a reference
signal and the received output signal. In various embodiments the control signal is
received by a supply generator and generates a supply signal. A switching voltage signal
is generated by a voltage generator that receives the supply signal and a first pulse width
modulated signal. In various embodiments a ripple cancelling current signal is generated
at a ripple cancellation inductor. In various embodiments the ripple cancelling current
signal is equal in magnitude and opposite in phase to a main inductor current signal in
the conversion circuit and in various embodiments, results in cancelling the ripples at the
output signal at the load. In various embodiments the supply signal varies based on the

output signal.
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[0014] In some embodiments the first pulse width modulated signal is an inverted duty
cycle voltage signal generated by a controller. In some embodiments the first pulse width
modulated signal during a load/line transient is generated by the controller that has a first
set of components that generate an inverted duty cycle control signal and a second set of

components that generate signals that add to the inverted duty cycle control signal.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1A illustrates a conventional ripple cancellation circuit and corresponding

waveforms.

[0016] FIG. 1B illustrates the normalized ripple vs mismatch factor in the prior art.

[0017] FIG. 2A shows the architecture level block diagram of the proposed voltage

regulator with ripple cancellation circuitry.

[0018] FIG. 2B illustrates the proposed ripple cancellation circuitry having a smaller

inductor in the ripple cancellation current signal generator circuit.

[0019] FIG. 2C illustrates the controller circuit for transient improvement.

[0020] FIG. 2D shows the improved transient response with ripple cancellation.

[0021] FIG. 3 illustrates the ripple cancellation technique.

[0022] FIG. 4 shows a plot of the normalized ripple vs. mismatch factor k with varying

supply signal for the ripple cancellation method.
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DETAILED DESCRIPTION

[0023] While the invention has been disclosed with reference to certain embodiments, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted without departing from the scope of the invention. In
addition, many modifications may be made to adapt to a particular situation or material

to the teachings of the invention without departing from its scope.

[0024] Throughout the specification and claims, the following terms take the meanings
explicitly associated herein unless the context clearly dictates otherwise. The meaning of
"a", "an", and "the" include plural references. The meaning of "in" includes "in" and
"on." Referring to the drawings, like numbers indicate like parts throughout the views.

Additionally, a reference to the singular includes a reference to the plural unless

otherwise stated or inconsistent with the disclosure herein.

[0025] The invention in its various embodiments relates to a ripple cancelling circuitry
and methods for generating a ripple cancelling current signal that may cancel ripples in
an output signal in a voltage regulator. The ripple cancelling circuitry includes an
inductor mismatch compensator circuit and a ripple cancellation current signal generator
circuit. The inductor mismatch compensator circuit is configured to receive output signal
from the voltage regulator continuously or periodically and generate a varying supply
voltage. The ripple cancellation circuit receives the varying supply voltage and produces
a ripple cancelling current signal that is equal in magnitude and 180° out of phase with
the current signal produced by an inductor in a voltage conversion circuit of the voltage
regulator to cancel the ripples produced in the output signal. A switching voltage
regulator incorporating the ripple cancelling circuitry is also disclosed. Further, a method

of cancelling ripples in an output signal of a switching voltage regulator is also disclosed.

[0026] In various embodiments the invention includes a ripple cancelling circuit 160 for

a voltage regulator that may cancel ripples or noises in the output signal Voyr. The ripple

_8-
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cancelling circuit 160 produces a ripple cancelling current I; g that may cancel the current
signal Iy produced in a main inductor 114 of the voltage regulator. In various
embodiments the ripple cancelling circuit 160 as shown in FIG. 2A includes an inductor
mismatch compensator circuit 150 and a ripple cancellation current signal generator
circuit 130. The inductor mismatch compensator circuit 150 includes a ripple detector
152 and a supply generator 154. The ripple detector 152 receives the output voltage
signal Vour from the output terminal 116 of the voltage regulator. The output voltage
signal Vour that is received is compared with a reference voltage Vggr that is set in the
inductor mismatch compensator circuit 150. In various embodiments the ripple detector
152 generates a control signal Vergy that is a function of the difference between the set
reference voltage Vggr and output signal Voyr. In various embodiments the supply
generator 154 is configured to receive the control signal produced at the ripple detector
152 and generate a supply signal Vi r. In various embodiments the supply signal Vix r

is a function of the output signal Voyr and varies as the output signal Voyrchanges.

[0027] In various embodiments the ripple cancellation current signal generator circuit
130 includes a voltage generator 132 and a ripple cancellation inductor 134. The voltage
generator 132 is configured to receive the supply signal Viy g from the supply generator
154 and a pulse width modulated signal Vpy, from a controller 124 to produce a
switching voltage signal Vsy,. In various embodiments the ripple cancellation inductor
134 receives the switching voltage signal Viy r and produces a ripple cancelling current
signal Ijg. In various embodiments the ripple cancelling current signal Ijr varies as the
supply voltage Vv g changes. In various embodiments the magnitude of the ripple
cancelling current signal |l 5| is equal in magnitude and 180° out of phase to a main
inductor current Ijy produced in a main inductor 114 in the voltage conversion circuit
110 of the voltage regulator. In various embodiments the ripple cancelling current signal
Iir is matched with the main inductor current Iy to cancel the ripples in the output

signal Vour. The ripples in the output signal are due to a mismatch between the inductor
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134 in the ripple cancellation current signal generator circuit and the main inductor 114
in a voltage conversion circuit. In various embodiments the ripples in the output signal
Vour are cancelled by adjusting the supply signal Viy g to produce a ripple cancelling

current signal Ij g that is equal to the magnitude of the main inductor current Iy ;.

[0028] In some embodiments the inductor mismatch compensator circuit 150 is
configured to operate in a continuous mode of operation. In this mode of operation the
ripple detector 152 continuously receives the output signal Voyr from the voltage

regulator.

[0029] In some embodiments the inductor mismatch compensator circuit 150 is
configured to operate in a periodic mode of operation. In some embodiments in the
periodic mode of operation the inductor mismatch compensator circuit 150 may be
turned ON periodically to detect any mismatch in the main inductor and the ripple
cancellation inductor 134. In various embodiments when a mismatch is detected the
supply generator is configured to generate the desired supply signal Viy gr. In some
embodiments portions of the inductor mismatch compensator circuit 150 are configured
to be turned OFF for a predetermined OFF time when the desired supply signal Viy g is
reached. The portions of the inductor mismatch compensator circuit 150 that are
switched off may include the ripple detector 152 that generates control signal Verrr, The
control signal Verrr, may in some embodiments be either stored in a capacitor, or as
digital control code during the predetermined OFF time. In some embodiments the
digital control code may be generated in the ripple detector 152. The digital control code
may be stored in a memory unit during the predetermined OFF time. In various
embodiments the memory unit is part of the inductor mismatch compensator circuit 150.
In various embodiments the periodic mode of operation is configured to reduce power

consumed by the ripple detector 152 and the supply generator 154.

-10-
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[0030] In some embodiments the ripple cancellation inductor Lg 134 may be an
inductor of smaller size than the main inductor Ly The size of the ripple cancellation
inductor Lg 184 as shown in FIG. 2B may be Ly/N, where Ly is the size of the main
inductor and N may be an integer or a fraction. In some embodiments the size of the
ripple cancellation inductor Ly 184 is half the size of the main inductor. In some
embodiments Ly and Vy gr are configured to be adjusted proportionally to achieve ripple

cancellation.

[0031] In some embodiments during load/line transient, the ripple cancellation current
signal generator circuit 130 may include an in-phase high bandwidth (faster) component
of the control signal of the PWM controller. In one embodiment the PWM controller 124
is configured to generate inverted duty cycle control signal, D’y by filtering using a low
pass filter (LPF) the main duty cycle control signal, D¢y and inverting as shown in FIG.
2C. In another embodiment D¢y is passed through a high pass filter (HPF) 196 and
added to D’y to improve the transient response. In some embodiments the steady state
(average) duty cycle of ripple cancelling PWM signal, (Vpy ) is controlled by slow
signal from LPF 194 while any instantaneous changes in the duty cycle during transient
are controlled by the fast signal generated from HPF 196. The improved transient
response along with ripple cancellation is shown in FIG. 2D. In some embodiments, for
the generation of inverted duty cycle control signal, D’cy for ripple cancellation integral
(slow) components from a PID or PI compensator are used and proportional, derivative

(fast) components may be added to D’y to generate inverted duty cycle (Vpyu).-

[0032] In various embodiments a switching voltage regulator 100 is disclosed. The
switching voltage regulator 100 includes a voltage conversion circuit 110 and a ripple
cancelling circuit 160. The voltage conversion circuit here means a circuit that may
convert a source of current or voltage from one voltage level to another. In various
embodiments the voltage conversion circuit 110 includes an input voltage source 112

that may be an ac or a dc source and a main inductor 114 carrying a main inductor

-11-
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current signal Iiy. In various embodiments the voltage conversion circuit 110 is
configured to produce an output voltage signal Voyr that is at a different voltage level

from the voltage source.

[0033] The switching voltage regulator 100 further includes a ripple cancelling circuit
160 that is configured to generate signals that may cancel the ripples present in the
output signal Vour of the switching voltage regulator. In various embodiments the
generated signal is a ripple cancelling current signal I; g that is equal in magnitude to the
main inductor current signal Ijy. In various embodiments the ripple cancelling circuit
160 includes an inductor mismatch compensator circuit 150 and a ripple cancellation
current signal generator circuit 130. In various embodiments the inductor mismatch
compensator circuit 150 includes a ripple detector 152 and a supply generator 154 that
generates a variable supply signal Vi gr that is a function of the output signal Voyr from
the switching voltage regulator 100. In various embodiments the ripple detector 152
receives the output signal Voyr from the output terminal 116 of the switching voltage
regulator 100 and generates a control signal Verge that is a function of a difference
between a set reference signal in the ripple detector 152 and the received output signal
from the switching voltage regulator 100. In various embodiments the ripple detector 152
detects the ripples that are present in the output signal Vour. In various embodiments the
supply generator 154 is configured to receive the control signal Vcrgi, from the ripple
detector 152 and generate a supply signal Viy g. In various embodiments the ripple
cancellation current signal generator circuit 130 includes a voltage generator 132 that
receives the supply signal Viy g from the supply generator 154 and a first pulse width

modulated signal Vpy,y, from a controller 124.

[0034] In various embodiments the voltage generator 132 generates a switching voltage
signal Vg,. In various embodiments the ripple cancellation inductor 134 is configured to
receive the switching voltage signal Vg, and generate the compensating current signal

Iig that proportionally changes as the supply signal Vi g changes. In various

-12-
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embodiments the compensating current signal Ijgr is equal in magnitude and is 180° out
of phase with the main inductor current signal Iyym. In various embodiments the ripple
cancellation current signal Ijg and the main inductor current signal Ijn cancels the
ripples in the output signal Voyur. In various embodiments the switching voltage

regulator 100 generates an output voltage Vour that is free of ripples.

[0035] In various embodiments a method of cancelling ripples in an output signal of a
switching voltage regulator as shown in FIG. 3 is disclosed. The method 200 in step 210
includes sending the output signal from the output terminal of the voltage regulator to a
ripple cancelling circuit. The output signal is received by a ripple detector in an inductor
mismatch compensator circuit present in the ripple cancelling circuit. The ripple detector
detects the ripples present in the output signal. In step 220 the ripple detector generates a
control signal that is based on a difference between a set reference signal in the ripple
detector and the received output signal from the output terminal of the voltage regulator.
In step 230 the control signal is received by a supply generator that generates a supply
signal. In various embodiments the supply varies as a function of the output signal. A
switching voltage signal is generated in step 240 by a voltage generator that receives the
supply signal and a first pulse width modulated signal from a controller. In step 250 a
ripple cancelling current signal is generated in a ripple cancellation inductor. In various
embodiments the ripple cancelling current signal is equal in magnitude and opposite in
phase to a main inductor current signal in the conversion circuit. In various embodiments
the magnitude of the ripple cancelling current signal varies as the supply signal varies. In
various embodiments the ripple cancelling current signal is made equal to the magnitude
of the main inductor current to remove any mismatch between the ripple cancellation

inductor and the main inductor.

[0036] In some embodiments the method may be operated in a continuous mode of

operation or a periodic mode of operation. In some embodiments in the continuous mode

13-
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of operation the ripple detector continuously receives the output signal Voyr from the

voltage regulator.

[0037] In some embodiments in the periodic mode of operation the inductor mismatch
compensator circuit may be turned ON periodically to detect any mismatch in the main
inductor and the ripple cancellation inductor. In various embodiments when a mismatch
is detected the supply generator generates the desired supply signal Viy r. In some
embodiments portions of the ripple detector that generates control signal Vergrr, in the
compensator circuit is turned OFF for a predetermined OFF time when the desired
supply signal Viy g is reached.. The control signal Verrr, may in some embodiments be
stored in a capacitor in the ripple detector during the predetermined OFF time. In some
embodiments the control signal may be stored as a digital control code that is generated
in the ripple detector. The digital control code may be stored in a memory unit in the

inductor mismatch compensator circuit during the predetermined OFF time.

[0038] In various embodiments the method of ripple cancelation is based on detecting
the ripples in the output signal Voyur and varying the supply signal Viy gr. In various
embodiments since the ripple cancelling current signal Ijg is proportional to the supply
signal Vin g, any mismatch between the ripple cancellation inductor and the main
inductor is corrected by increasing or decreasing the supply signal Vi g. In an example
if ripple cancellation inductor Lg is more than the main inductor Ly; then ripple
cancelling current signal Iig is less than the main inductor current Iy hence do not
cancel perfectly. In such cases the current signal Ijr is increased by increasing supply
signal Viy g to a value such that |Iy| = |[[g| in order to achieve perfect ripple
cancellation. In various embodiments [[Lv| = [I[Lg] may be implemented by detecting the
output ripple in the output signal and varying supply signal Viy_r accordingly. In various
embodiments the output ripple detector adjusts supply signal Vin g and settles to a value
for which output ripple becomes zero. In various embodiments Vi g may be adjusted

through digital or analog control.

-14-
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[0039] In various embodiments the ripple current for the proposed method is written as:

1 A% 1
IrippLe = Vin-D.(1 — D). (— — % —) Tsweo e (1)

Lm ViN Lr
For perfect ripple cancellation, IgppLg = Icout = 0, substituting in (1), we get:

Lg

I/IN_R = m I/IN (2)

Lp=0+k)Ly....... (3)
where k is the mismatch factor. Thus,

VIN_R = (1 + k) - VIN ......... (4)

[0040] In various embodiments the condition to achieve zero output ripple or perfect
ripple cancellation follows equation (4). In an exemplary embodiment Vi g is varied
based on k and tuned accurately by controlling the control signal Verg, of the supply
generator using ripple detector. The ripple detector varies Verre, dynamically, which in
turn adjusts Viy g, until no ripple is detected at Voyr. In some embodiments Viy g
=Vn/N where N could be an integer or a fraction. The condition for zero ripple when

substituting Viy g =Vv/N in eqn (1) is:

which indicates that if we scale the supply voltage of ripple cancellation path by a factor
of N with respect to main path supply, Vin then ripple cancellation inductor may be
scaled by the factor of N as well as shown in FIG. 3. This property can be used to use
smaller inductor for ripple cancellation path. This property reduces switching and
conduction losses in ripple cancellation path as well. In an example, if main path supply,
Vin=5V and Ly = 1pH then using Vin r = Vin/S = 5V/5=1V reduces the size of Ly to
Ly/5 = 1uH/S = 200nH. In some embodiments mismatch between the inductor values
Lwm/N and Ly after this scaling may be corrected by changing the supply voltage Vin r. In
various supply signal Vin r is generated by using any of the known voltage regulators

techniques such as linear, switched capacitor, inductive or their combinations. In some
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embodiments in a multi-voltage system, any of the existing supply voltage may also be

utilized as Vi r.

[0041] In an exemplary embodiment Viy g is varied based on k and tuned accurately by
controlling the control signal Verre of the supply generator using ripple detector. The
ripple detector varies Verrr dynamically, which in turn adjusts Vix g, until no ripple is
detected at Vour. The plot of the normalized ripple vs mismatch factor for varying
control signal Vix r/ Vix, is shown in FIG. 4 that indicates that the output ripple remains
zero for all values of k if Vg is adjusted according to equation (4). In various

embodiments the method may be implemented in a multiphase DC-DC converter.

[0042] The advantage of the invention is that the ripple cancellation path may be
operated at low voltage resulting in low cost and lesser area high voltage converters.

Also small inductors and low voltage devices may be used in the ripple cancellation path.

[0043] Although the detailed description contains many specifics, these should not
be construed as limiting the scope of the invention but merely as illustrating different
examples and aspects of the invention. It should be appreciated that the scope of the
invention includes other embodiments not discussed herein. Various other modifications,
changes and variations which will be apparent to those skilled in the art may be made in
the arrangement, operation and details of the system and method of the present invention
disclosed herein without departing from the spirit and scope of the invention as described
here. While the invention has been disclosed with reference to certain embodiments, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted without departing from the scope of the invention. In
addition, many modifications may be made to adapt to a particular situation or material

the teachings of the invention without departing from its scope.

-16-



WO 2020/053884 PCT/IN2019/050656

WE CLAIM:
1. A ripple cancelling circuit (160) for generating a ripple cancelling current signal
to cancel ripples in an output signal in a voltage regulator (100) comprising:
an inductor mismatch compensator circuit (150) comprising
a ripple detector (152) configured to receive the output signal from the
voltage regulator (100) and generate a control signal based on a difference
between a reference signal and the received output signal;
a supply generator (154) configured to receive the control signal and
generate a supply signal; and
a ripple cancellation current signal generator circuit (130) comprising
a voltage generator (132) configured to receive the supply signal and a
first pulse width modulated signal and generate a switching voltage
signal; and
a ripple cancellation inductor (134) configured to receive the switching

voltage signal and generate the ripple cancelling current signal.

2. The ripple cancelling circuit of claim 1, wherein the circuit comprises a controller
(124) configured to receive the output signal and generate a first pulse width modulated
signal and a second pulse width modulated signal wherein the first pulse width
modulated signal and the second pulse width modulated signal are equal in magnitude

and 180° out of phase with each other.

3. The ripple cancelling circuit of claim 2, wherein the controller comprises first set
of components to generate an inverted duty cycle control signal and a second set of
components to generate signals that add to the inverted duty cycle control signal to

produce the first pulse width modulated signal during a load/line transient.
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4. The ripple cancelling circuit of claim 3, wherein the first set of components comprise
one or more of low pass filter, proportional integral derivative (PID) compensator or
proportional integral (PI) compensator and the second set of components include one or

more of high pass filter, proportional compensator or derivative compensator.

5. The ripple cancelling circuit of claim 1, wherein the ripple cancelling current
signal is equal in magnitude and opposite in phase to a main inductor current signal

produced at the voltage regulator.

6. The ripple cancelling circuit of claim 1, wherein the supply signal is a function of

the output signal.

7. A switching voltage regulator (100) comprising:
a voltage conversion circuit (110) configured to produce an output signal
wherein the circuit comprises an input voltage source (112) and a first
inductor (114) producing a main inductor current signal;
a ripple cancelling circuit (160) configured to generate a ripple cancelling
current signal to cancel ripples in the output signal in the voltage regulator
wherein the ripple cancelling circuit comprises:
an inductor mismatch compensator circuit (150) comprising
a ripple detector (152) configured to receive the output
signal from the voltage regulator (100) and generate a
control signal based on a difference between a reference
signal and the received output signal;
a supply generator (154) configured to receive the control
signal and generate a supply signal; and
a ripple cancellation current signal generator circuit (130)

comprising
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a voltage generator (132) configured to receive the supply
signal and a first pulse width modulated signal and
generate a switching voltage signal; and

a ripple cancellation inductor (134) configured to receive
the compensating voltage signal and generate the ripple

cancelling current signal.

8. The switching voltage regulator of claim 7, wherein the regulator comprises a
controller (124) configured to receive the output signal and generate a first pulse width
modulated signal and a second pulse width modulated signal wherein the first pulse
width modulated signal and the second pulse width modulated signal are equal in

magnitude and 180° out of phase with each other.

9. The switching voltage regulator of claim 8, wherein the first pulse width

modulated signal is an input signal to the input voltage source (112).

10. The switching voltage regulator of claim 8, wherein the second pulse width

modulated signal is an input signal to the voltage generator (132).

11. The switching voltage regulator of claim 7, wherein the ripple cancelling current
signal is equal in magnitude and opposite in phase to a main inductor current signal

produced at the voltage regulator.

12. The switching voltage regulator of claim 7, wherein the supply signal is a

function of the output signal.

13. The switching voltage regulator of claim 7, wherein the size of the ripple

cancellation inductor is equal to the size of the first inductor or is smaller by a factor N,
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when the supply signal Vin g 1s scaled by a factor of N with respect to an input voltage

Vi~ of the input voltage source.

14. A method of cancelling ripples in an output signal of a switching voltage
regulator having a conversion circuit and a ripple cancelling circuit comprising the steps
of:
receiving the output signal from the voltage regulator by a ripple detector;
generating a control signal by the ripple detector based on a difference between a
reference signal and the received output signal;
receiving the control signal by a supply generator and generating a supply signal;
generating a switching voltage signal by a voltage generator receiving the supply
signal and a first pulse width modulated signal;
generating a ripple cancelling current signal at a ripple cancellation inductor
wherein the ripple cancelling current signal is equal in magnitude and opposite in
phase to a main inductor current signal in the conversion circuit; and

cancelling ripples at the output signal at the load.

15. The method of claim 14, wherein the supply signal varies based on the output

signal.

16. The method of claim 14, wherein the first pulse width modulated signal is an

inverted duty cycle voltage signal generated by a controller.

17. The method of claim 14, wherein the first pulse width modulated signal during a
load/line transient is generated by the controller that has a first set of components to
generate an inverted duty cycle control signal and a second set of components to

generate signals that add to the inverted duty cycle control signal.
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