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Described herein are methods and circuits for improving the
performance of an AC to DC power supply. The methods
and circuits achieve high power factor (PF) at the AC side
and at the same time, reduce or substantially eliminate ripple
in the DC output power. The methods and circuits provide an
isolated topology including primary side voltage and current
sensing and primary side ripple cancellation control. The
methods and circuits may be used in any application where
high power factor and/or low output ripple are required. In
particular, the methods and circuits may be used in DC
lighting applications, such as in light emitting diode (LED)
lighting, wherein suppression of low frequency ripple in the
output power eliminates visible flickering.
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1
PRIMARY SIDE CONTROLLED LED
DRIVER WITH RIPPLE CANCELLATION

FIELD

This invention relates to methods and circuits for improv-
ing the performance of an AC to DC power supply. In
particular, methods and circuits are provided for power
supplies that achieve high power factor (PF) at the AC side
and at the same time, reduce or substantially eliminate ripple
in the DC output power. The methods and circuits may be
used in any application where high power factor and/or low
output ripple are required. In particular, the methods and
circuits may be used in DC lighting applications, such as in
light emitting diode (LED) lighting, wherein suppression of
low frequency ripple in the output power eliminates visible
flickering.

BACKGROUND

Regulation concerning power factor correction for a wide
range of devices is becoming increasingly stringent. For
example, new regulation requires power factor correction
for any light emitting diode (LED) power supply with output
power higher than 5 W.

For low to medium power level (e.g., 5 W to 100 W), a
flyback converter is often used. By forcing the average input
current to follow the input voltage, high power factor can be
achieved. In order to reduce the cost, critical conduction
mode is often used to achieve power factor correction.
However, this results in a ripple in the output voltage at
harmonics of the line frequency. The second harmonic (e.g.,
120 Hz for North America or 100 Hz for China, Europe) is
of particular concern for DC lighting applications, such as
LED lighting, as it results in visible flickering wherein the
human eye can see fluctuation of the light emitting from the
LED.

Despite concerns over visible flicker in the output light,
LED lighting is becoming an important light source due to
high lighting efficiency and long life span. A two-stage LED
driver may achieve substantially flicker-free performance,
but at the expense of lower efficiency and higher component
cost. A single-stage LED driver is therefore desirable
because of its high efficiency and low component cost.

SUMMARY

Ripple cancellation converter embodiments described
herein include one or more of the following features:

Isolated topology.

Primary side control of ripple cancellation and load
current regulation.

Primary side sensing of the power factor correction (PFC)
output, ripple cancellation converter output, and load
current.

Ripple cancellation is achieved at the secondary side,
resulting in a DC output voltage or a DC output current.

Reduced design complexity and component cost, relative
to prior designs.

According to one aspect of the invention, there is pro-
vided a circuit for use with a power supply including a
primary input side and a secondary output side that provides
a main output including a main DC voltage with a first AC
voltage ripple or a main DC current with a first AC current
ripple, the circuit comprising: a primary side controlled
isolated ripple cancellation converter that: (i) senses the first
AC voltage ripple from the primary side; and uses the sensed
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AC voltage ripple to provide a second AC voltage ripple;
wherein the second AC voltage ripple is connected in series
with the main output, such that the first AC voltage ripple is
substantially cancelled; or (ii) senses the first AC current
ripple from the primary side; and uses the sensed AC current
ripple to provide a second AC current ripple; wherein the
second AC current ripple is connected in parallel with the
main output, such that the first AC current ripple is substan-
tially cancelled; Wherein substantially ripple-free DC output
power is provided to a load.

According to another aspect of the invention, there is
provided a power supply that provides DC power, compris-
ing: a power circuit that outputs a main DC voltage with a
first AC voltage ripple or a main DC current with a first AC
current ripple; and the circuit described above.

In some embodiments, the ripple cancellation converter
provides an auxiliary output comprising: (i) an auxiliary DC
voltage with the second AC voltage ripple, wherein the
second AC voltage ripple is substantially equal in magnitude
and substantially opposite in phase to the first AC voltage
ripple; wherein the main output and the auxiliary output are
combined such that: a total DC voltage is provided; the
second AC voltage ripple substantially cancels the first AC
voltage ripple, or the total DC voltage is substantially
ripple-free; or (ii) an auxiliary DC current with the second
AC current ripple, wherein the second AC current ripple is
substantially equal in magnitude and substantially opposite
in phase to the first first AC current ripple; wherein the main
output and the auxiliary output are combined such that: a
total DC current is provided; the second AC current ripple
substantially cancels the first AC current ripple, or the total
DC current is substantially ripple-free.

In some embodiments, the ripple cancellation converter
comprises a flyback converter or an isolated boost converter.

In some embodiments, the circuit further comprises: a
first primary side sensor that senses the first AC voltage
ripple and outputs a first sensor signal; a second primary side
sensor that senses the second AC voltage ripple and outputs
a second sensor signal; and a primary side ripple cancella-
tion controller that uses the first and second sensor signals to
control the ripple cancellation converter to shape the second
AC voltage ripple.

In some embodiments, the circuit further comprises a
power factor correction circuit.

In some embodiments, operation of the power factor
correction circuit is based on a feedback signal derived from
a primary side load current sensor.

In some embodiments, the substantially ripple-free DC
output power is variable.

In some embodiments, the load comprises at least one
LED.

According to another aspect of the invention, there is
provided a method for providing DC power from a main
output power comprising a main DC voltage with a first AC
voltage ripple or a main DC current with a first AC current
ripple, the method comprising: controlling an isolated ripple
cancellation converter from a primary side, wherein con-
trolling comprises: (i) sensing the first AC voltage ripple
from the primary side; and using the sensed AC voltage
ripple to provide a second AC voltage ripple; wherein the
second AC voltage ripple is connected in series with the
main output, such that the first AC voltage ripple is sub-
stantially cancelled; or (ii) sensing the first AC current ripple
from the primary side; and using the sensed AC current
ripple to provide a second AC current ripple; wherein the
second AC current ripple is connected in parallel with the






