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ACTIVE POWER FACTOR CORRECTION CIRCUIT FOR A
CONSTANT CURRENT POWER CONVERTER

TECHNICAL FIELD
[0001] The present disclosure relates generally to power factor correction.
Specifically, the present disclosure relates to techniques for providing power factor correction

on a system having a constant current input.

BACKGROUND

[0002] Power factor correction is often used in electric power systems and between
power sources and loads in order to synchronize the input current and the input voltage
before it is delivered to the load. Power factor correction can provide many benefits to the
electric power system and the load, such as prolonged life and energy efficiency.

[0003] Traditionally, power factor correction circuitry is designed as voltage-based
power factor correction. Such circuitry is used in constant voltage systems, and the input
current waveform is made to match the input voltage waveform. However, in certain
industries, such as airfield lighting, the existing infrastructure requires current based systems
which require a constant current power source rather than a constant voltage power source.
Specifically, in the area of airfield lighting, constant current systems are traditionally used
because of the need for consistent brightness across the plurality of light fixtures coupled in
series and being powered by the same power source. Because a constant current power
supply can provide the same level of current to each of the light fixtures, it became the
standard form of power distribution in the area of airfield lighting. Though lighting
technology has become more sophisticated, the infrastructure has remained a current based
system. However, power factor correction techniques used for voltage based systems which

receive a constant voltage generally cannot be used for current based systems.

SUMMARY

[0004] In an example embodiment of the present disclosure, a constant current power
factor correction circuit includes an input capacitor configured to receive an input current
from a constant current source and produce an input voltage. The circuit also includes a
rectifier bridge configured to receive the input current and full-wave rectify the input current.

A controller senses the input current and the input voltage and provides a reference voltage.
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The circuit further includes a switching device coupled to the controller, wherein the
switching device is switchable between a first state and a second state. When the switching
device is in the first state, the input capacitor is charged from the input current and the input
voltage rises, and when the switching device is in the second state, the input capacitor is
drained and the input voltage drops, wherein the switching device switches from the first
state to the second state when the input voltage reaches the reference voltage. The circuit
also includes a DC output bus providing an output voltage, wherein the output voltage is a
conditioned form of the input voltage, wherein the input voltage is in phase with the input
current from the constant current source.

[0005] In another example embodiment of the present disclosure, a constant current
power factor correction circuit includes an input capacitor configured to receive an input
current from a constant current source and produce an input voltage, wherein the input
current comprises an input current waveform. The circuit also includes a switching device
switchable between a first state and an second state. When the switching device is in the first
state, the input capacitor is charged from the input current and the input voltage rises. When
the switching device is in the second state, the input capacitor is drained and the input voltage
drops. Switching back and forth between the first state and the second state gives the input
voltage a substantially sinusoidal waveform, wherein the sinusoidal waveform matches the
input current waveform. The circuit further includes a controller coupled to the switching
device, wherein the controller controls switching of the switching device.

[0006] In another example embodiment of the present disclosure, a method of power
factor correction on a constant current system includes receiving an input current from a
constant current input source, the input current having a current waveform. The method also
includes allowing an input capacitor to charge from the input current, wherein an input
voltage formed at the input capacitor rises as the input capacitor charges. The method further
includes determining if the input voltage reaches a reference voltage, and switching a
switching device from a first state to a second state when the input voltage reaches the
reference voltage. The method includes allowing the input capacitor to drain, wherein the
input voltage drops as the input capacitor drains. The method also includes shaping the input
voltage to have a voltage waveform similar to the current waveform by controlling the

switching of the switching device.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0007] For a more complete understanding of the disclosure and the advantages
thereof, reference is now made to the following description, in conjunction with the
accompanying figures briefly described as follows:

[0008] Figure 1 illustrates a light fixture powered by a constant current system and
having a power factor correction circuit, in accordance with an example embodiment of the
present disclosure;

[0009] Figure 2 illustrates a schematic diagram of a power factor correction circuit
having a constant current input, in accordance with an example embodiment of the present
disclosure;

[0010] Figure 3 illustrates a diagram of a controller of the power factor correction
circuit of Figure 1, in accordance with an example embodiment of the present disclosure; and
[0011] Figure 4 illustrates a flow chart of a method of current-based power factor
correction, in accordance with an example embodiment of the present disclosure.

[0012] The drawings illustrate only example embodiments of the disclosure and are
therefore not to be considered limiting of its scope, as the disclosure may admit to other
equally effective embodiments. The elements and features shown in the drawings are not
necessarily to scale, emphasis instead being placed upon clearly illustrating the principles of
example embodiments of the present disclosure. Additionally, certain dimensions may be

exaggerated to help visually convey such principles.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0013] In the following paragraphs, the present disclosure will be described in further
detail by way of examples with reference to the attached drawings. In the description, well
known components, methods, and/or processing techniques are omitted or briefly described
so as not to obscure the disclosure. As used herein, the “present disclosure” refers to any one
of the embodiments of the disclosure described herein and any equivalents. Furthermore,
reference to various feature(s) of the “present disclosure” is not to suggest that all
embodiments must include the referenced feature(s). The present disclosure provides
systems and methods of power factor correction for a power converter operating on a
constant current input source. The present disclosure is directed towards power distribution
systems in the area of airfield lighting as an example application, but may be used with any
other appropriate power distribution systems operating on a constant current input source.
[0014] In certain example embodiments, the present disclosure provides a power

factor correction circuit for use in systems with constant current input sources. In one
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example, the power factor correction circuit is used in an airfield lighting system which
includes a plurality of individual light fixtures. Each of the light fixtures receives a constant
current power supply from a central power source. In certain example embodiments, each or
a subset of the light fixtures includes the power factor correction circuit disclosed herein,
which improves the energy efficiency of the light fixtures.

[0015] Figure 1 shows an exploded perspective view of one such light fixture 100 in
accordance with certain example embodiments. Referring now to Figure 1, the light fixture
100 is an example of an airport runway and/or taxiway light fixture. The light fixture 100 of
Figure 1 includes a frame, a light source 104, and a power supply 150. The frame can
include a cover 170 and optical housing 120. The light fixture 100 further includes an optical
housing assembly 110. The optical housing assembly 110 includes the combination of one or
more components associated with the mechanical structure and configuration of the optical
housing 120 and other optical components, such as a body, lens, diffuser, connectors, and the
like.

[0016] In certain example embodiments, the cover 170 includes at least one wall 177
that forms a cavity 174. Inside of the cavity 174 can be positioned at least one or more light
sources 104 and the power supply 150. The cover 170 can include one or more features (e.g.,
ledges, apertures) that allow the various components disposed in the cavity 174 to fit and
maintain electrical, mechanical, and/or thermal coupling with each other. The optical
housing 120 protects the components disposed within the cavity 174, and can also secure the
light sources 104 and the other internal components 130.

[0017] The power supply 150 includes one or more circuits and electrical components
configured to receive the constant current input from the central power source, condition the
received current, and drive the light sources 104. In certain example embodiments, the
power supply includes the power factor correction circuit disclosed herein, such that the
constant current input is conditioned for power factor correction before it is supplied to the
light sources 104, thereby improving energy efficiency.

[0018] Figure 2 illustrates a schematic diagram of a constant current power factor
correction (PFC) circuit 200, in accordance with an example embodiment of the present
disclosure. In certain example embodiments, the constant current PFC circuit 200 includes
an input source 202, an input charging capacitor 204, a diode rectifier bridge 208, an inductor
212, a controller 220, a switching device 210, an output diode 216, an output capacitor 214,
and a DC output bus 224. The input source 202 provides a constant current power supply to

the circuit 200. In certain example embodiments, the input source 202 provides a 6.6 amp, 60
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hertz, sine wave. In certain example embodiments, the input source 202 is directly coupled to
the diode rectifier bridge 208 and the input charging capacitor 204. Thus, the input current is
rectified by the diode rectifier bridge 208. The input current from the constant current input
source 202 also charges the input charging capacitor 204 when the switching device 210 is
off. In certain example embodiments, the switch device 210 is a switching MOSFET.

[0019] In certain example embodiments, the switching device 210 is initially off.
Thus, the input current from the constant current input source 202 charges the input charging
capacitor 104. As the input current charges the input charging capacitor 204, a voltage rise
occurs in the input charging capacitor 204. When the voltage rises to a certain threshold
level, the switching device 210 is switched on. In certain example embodiments, the
threshold level is determined by a reference voltage 222 such that the voltage at the input
charging capacitor is allowed to rise until it reaches the level of the reference voltage 222. In
certain example embodiments, the controller 220 provides the reference voltage 222 and also
receives a sensed voltage signal 226 of the voltage at the input charging capacitor 204. The
controller 220 also receives a sensed current signal 206 from the input current. In certain
example embodiments, the reference voltage is a sine wave which has been synchronized
with the phase of the input current. The reference voltage also has an amplitude indicative of
the level of desired output power. The controller 220 compares a sensed voltage signal 226
to the reference voltage 222 and controls the switching device 210 accordingly. The
controller 220 will be described in further detail below with respect to Figure 3.

[0020] When the voltage at the input charging capacitor 204 reaches the reference
voltage 222, the switching device 210 is switched on. When the switching device 210 is
switched on, current is drained from the input charging capacitor 204 and the voltage drops
accordingly. Thus, voltage at the input charging capacitor 204 rises when the switching
device 210 is off and drops when the switching device 210 is on, creating a waveform which
follows the duty cycle of the switching device 210. During the time the switching device 210
is on, current rises in the inductor 212. Thus, when the switching device 210 is switched off
again, the inductor flies back and delivers energy, which is rectified by the output diode 216,
to the output capacitor 214. The voltage at the output capacitor 214 is provided to a DC
output bus 224 and configured to be delivered to a load. As the switching device 210
switches at a high frequency (hundreds of kHz) according to a controlled duty cycle, the
instantancous voltage at the input charge capacitor 204 will match the reference voltage each
cycle. Thus, a sine wave input voltage in which the waveform is matched to the waveform of

the input current is created over time.
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[0021] In another example embodiment, the controller 220 does not necessarily
monitor the input voltage 226. Rather, the switching device 210 is provided with a pulse
width modulation signal shaped like a sine wave regardless of the input voltage 226, as
further discussed below, which forces the input voltage 226 to take on a waveform as defined
by the pulse width modulation signal, thereby matching the input voltage waveform to the
input current waveform.

[0022] Figure 3 illustrates a diagrammatical representation of the controller 220 of
Figure 2, in accordance with an example embodiment. The controller 220 includes a
feedback controller 302 which receives, as inputs, a sense output voltage 303 from the DC
output bus 224 and the reference voltage 222. The value of the reference voltage 222 is
typically selected according to the desired amount of power to be provided at the DC output
bus 224. The value of the sensed output voltage 303 is compared with the value of reference
voltage 222. If the value of the sensed output voltage 303 is below the value of the reference
voltage 222, the output 304 of the feedback controller 302 will increase. If the value of the
sensed output voltage 303 is above the value of the reference voltage 222, the output 304 of
the feedback controller 302 will decrease. The output 304 of the feedback controller 302 is
then multiplied 306 by a sine wave reference 308. In certain example embodiments, the input
current signal 206 is applied to the sine wave reference 308 to synchronize the sine wave
reference 308 with the input current signal 206. Thus, the output 310 of the multiplication
306 of the sine wave reference 308 and the feedback control output 304 is a sine wave 310
which varies in amplitude with the feedback controller output 304.

[0023] In certain example embodiments, the controller 220 further includes a pulse
width modulation (PWM) generator 312. The PWM generator 312 receives as input, the sine
wave 310 and converts the sine wave 310 into a pulse width modulation signal 314. The
pulse width modulation signal 314 is used to drive the switching device 210 (Figure 2). In
certain example embodiments, the duty cycle of the pulse width modulation signal 314
decreases to increase the input voltage 226, and the pulse modulation signal 314 increases to
decrease the input voltage 226. At the peaks of the sine wave 310, the pulse width
modulation signal 314 is at its controlled minimum, and the input voltage is at its peak. Thus,
the peaks of the input voltage waveform are matched to the peaks of the sine wave 310,
which has been synchronized with the input current 206. Therefore, the input voltage
waveform is matched to that of the input current 206.

[0024] Figure 4 illustrates a method of power factor correction 400 for a constant

current system, in accordance with an example embodiment. Specifically, in certain example
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embodiments, the method of power factor correction 400 is implemented via the power factor
correction circuit of Figure 2. Referring to Figures 2 and 4, the method of power factor
correction 400 includes receiving an input current from a constant current input source 202
(step 402). The method 400 further includes full-wave rectifying the input current (step 404).
In certain example embodiments, the diode rectifier bridge 208 full-wave rectifies the input
current. In certain other example embodiments, the rectification is carried out by an alternate
rectification device. The method 400 further includes allowing the input capacitor 204 to be
charged (step 406). Specifically, in certain example embodiments, the switching device 210
is initially in the off state. As previously discussed, when the switching device 210 is in the
off state, the input capacitor charges, and the input voltage increases. In certain example
embodiments, the input voltage is constantly being monitored by the controller 220 via the
input voltage sense 226. The method further includes determining whether the input voltage
has reached the reference voltage (block 408). In certain example embodiments, the
reference voltage includes an amplitude indicative of the desired level of power output as
well as a phase which is synchronized with the input current.

[0025] In order to make the determination, the controller 220 compares the value of
the input voltage to the value of the reference voltage. If it is determined that the input
voltage is less than the reference voltage, the method goes to step 406, in which the switching
device 210 remains off and the input capacitor is allowed to charge. In certain example
embodiments, steps 406 and 408 are repeated until it is determined at step 408 that the input
voltage has reached the reference voltage. In certain example embodiments, the controller
220 constantly monitors the input voltage and reacts when the sensed voltage value reaches a
threshold representative of the reference voltage. When it is determined that the input has
reached the reference voltage, the switching device 210 switches on (step 410) and the input
capacitor drains (step 412). Likewise, the input voltage drops. The method 400 further
includes switching the switching device off again (414) to allow the input voltage to rise
again, forming a sinusoidal waveform. The method 400 also includes continuously
conditioning and outputting the input voltage via a DC output bus 224 (step 416). In certain
example embodiments, the input voltage is filtered by the inductor 212 and rectified by the
output diode 216. With such a method, the voltage output of a constant current power
correction circuit is made to match and follow the phase of the constant current input current.
Thus, power efficiency is improved.

[0026] The present disclosure provides techniques for power factor correction on a

constant current system by matching the voltage waveform to the input current waveform.
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Although embodiments of the present disclosure have been described herein in detail, the
descriptions are by way of example. The features of the disclosure described herein are
representative and, in alternative embodiments, certain features and elements may be added
or omitted. Additionally, modifications to aspects of the embodiments described herein may
be made by those skilled in the art without departing from the spirit and scope of the present
disclosure defined in the following claims, the scope of which are to be accorded the broadest

interpretation so as to encompass modifications and equivalent structures.
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CLAIMS

What is claimed is:

1. A constant current power factor correction circuit, comprising:

an input capacitor configured to receive an input current from a constant
current source and produce an input voltage;

a rectifier bridge configured to receive the input current and full-wave rectify
the input current;

a controller, wherein the controller senses the input current and the input
voltage;

a switching device coupled to the controller, wherein the switching device is
switchable between a first state and an second state, wherein when the switching device is in
the first state, the input capacitor is charged from the input current and the input voltage rises,
and when the switching device is in the second state, the input capacitor is drained and the
input voltage drops, wherein the switching device switches from the first state to the second
state when the input voltage reaches a reference voltage; and

a DC output bus providing an output voltage, wherein the output voltage is a
conditioned form of the input voltage, wherein the input voltage is shaped to be in phase with

the input current from the constant current source.

2. The constant current power factor correction circuit of Claim 1, wherein the

switching device comprises a switching MOSFET.

3. The constant current power factor correction circuit of Claim 1, wherein the
reference voltage comprises an amplitude representative of a desired power level to be

outputted at the DC output bus.
4. The constant current power factor correction circuit of Claim 1, wherein the
switching device comprises a duty cycle, and wherein the input voltage is controlled by

controlling the duty cycle.

5. The constant current power factor correction circuit of Claim 4, wherein the

duty cycle of the switching device is synchronized with the input current.

9.
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6. The constant current power factor correction circuit of Claim 1, wherein the

controller generates a pulse width modulation signal which drives the switching device.
7. The constant current power factor correction circuit of Claim 1, wherein the

controller continuously monitors the input voltage and compares the input voltage to the

reference voltage.
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8. A constant current power factor correction circuit, comprising:

an input capacitor configured to receive an input current from a constant
current source and produce an input voltage, wherein the input current comprises an input
current waveform,

a switching device switchable between a first state and an second state,
wherein when the switching device is in the first state, the input capacitor is charged from the
input current and the input voltage rises, and when the switching device is in the second state,
the input capacitor is drained and the input voltage drops, wherein switching back and forth
between the first state and the second state gives the input voltage a substantially sinusoidal
waveform, wherein the sinusoidal waveform matches the input current waveform; and

a controller coupled to the switching device, wherein the controller controls

switching of the switching device.

9. The constant current power factor correction circuit of Claim 8, wherein the
controller monitors the input voltage and compares the input voltage to a reference voltage,
and wherein the controller switches the switching device from the first position to the second

position when the input voltage reaches the reference voltage.

10. The constant current power factor correction circuit of Claim 9, wherein the
controller further comprises:
a feedback controller, wherein the feedback controller receives and compares
a rectified input voltage and the reference voltage and produce an adjustment signal, wherein
the adjustment signal increases when the rectified input voltage is below the reference
voltage and decreases when the rectified input voltage is above the reference voltage, and
wherein the adjustment signal is multiplied with a reference wave synchronized with the
input current waveform, generating a control reference signal used to control switching of the

switching device.

11. The constant current power factor correction circuit of Claim 10, wherein the
controller further comprises:

a pulse width modulation (PWM) controller, wherein the PWM controller

receives the control reference signal and generates a corresponding PWM signal, and wherein

the PWM signal drives the switching of the switching device.

-11-
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12.  The constant current power factor correction circuit of Claim 8, wherein the

switching device comprises a switching MOSFET.

14. The constant current power factor correction circuit of Claim 9, wherein the

reference voltage comprises an amplitude representative of a desired power level.

15. The constant current power factor correction circuit of Claim 9, further
comprising:
an output bus configured to receive the input voltage and provide an output

voltage to a load, wherein the output voltage is a conditioned form of the input voltage.

-12-
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16. A method of power factor correction on a constant current system, comprising:

receiving an input current from a constant current input source, the input
current having a current waveform;

allowing an input capacitor to charge from the input current, wherein an input
voltage formed at the input capacitor rises as the input capacitor charges;

determining if the input voltage reaches a reference voltage;

switching a switching device from a first state to a second state when the input
voltage reaches the reference voltage;

allowing the input capacitor to drain, wherein the input voltage drops as the
input capacitor drains; and

shaping the input voltage to have a voltage waveform similar to the current

waveform by controlling the switching of the switching device.

17.  The method of power factor correction on a constant current system of Claim
16, further comprising;:

outputting the input voltage via an output bus.

18.  The method of power factor correction on a constant current system of Claim
17, further comprising;:
filtering and rectifying the input voltage to produce a DC voltage; and
outputting the DC voltage via a DC output bus.

19. The method of power factor correction on a constant current system of Claim
16, further comprising;:

full-wave rectifying the input current.

20. The method of power factor correction on a constant current system of Claim

16, wherein the switching device comprises a switching MOSFET.

13-
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