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(57) Abstract: A lighting system converter circuit of a lamp power converter to selectively operate a plurality of lamps connected
thereto is provided. The lighting system converter circuit includes a first impedance circuit and a second impedance circuit. Each im-
pedance circuit includes an input terminal, an impedance component, and a switching network. The impedance components are each
configured to connect in series with the lamps. Each input terminal is configured to receive a control signal that indicates a state of'a
switch. Each control signal has a first logic level, indicating the switch is non-conductive, and a second logic level, indicating the
switch is conductive. Each switching network is connected to its respective input terminal and in parallel with its respective imped -
ance component, and is configured to selectively operate between a conductive state and a non-conductive state, as a function of the

logic level of its respective control signal.
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MULTIPLE LIGHT LEVEL ELECTRONIC POWER CONVERTER

TECHNICAL FIELD

[0001] The present invention relates to lighting, and more specifically, to lighting systems

having multiple levels of light output.

BACKGROUND

[0002] Multiple level lighting systems, such as two or more level lighting systems, are used
in various different lighting applications. For example, two level lighting systems are
commonly used in overhead lighting. Such lighting systems can be used to conserve energy
since they allow a portion of the lighting to be turned off when full light is not necessary.
The lighting systems may be used to operate a variety of lamps, such as but not limited to gas
discharge lamps, light emitting diode (LED) lamps, and other types of lamps.

[0003] A typical implementation of a two level lighting system includes two power switches
and two power converters, wherein each power switch in the lighting system controls only
one of the power converters in the lighting system. Turning on both of the switches at the
same time powers both power converters, thus producing full light output from the lighting
system. Turning on only one of the switches applies power to only one of the power
converters in the lighting system and thus results in a reduced light level and a corresponding

reduction in power consumed.

SUMMARY

[0004] Conventional lighting systems, such as those described above, are not as economical
as a lighting system including only a single power converter. For compatibility purposes, the
power converter would be required to operate from the same two power switches used in the
two power converter system. When both switches are closed, the power converter would
operate in a full light mode. Conversely, when only one of the two power switches is closed,
the power converter would operate in a reduced light mode.

[0005] Embodiments of the present invention provide a multiple level lighting system using a
single power converter. In particular, embodiments are directed to a power converter having
a first switch and a second switch for selectively connecting the power converter,

respectively, to a first power line and to a second power line. The power converter includes a
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lighting system converter circuit that provides voltage for energizing one or more lamps
connected to the power converter, and a switch control circuit that generates control signals
for the lighting system converter circuit based on the states of the first and second switches.
[0006] The magnitude of the voltage provided by the lighting system converter circuit varies
so that the one or more lamps operate at multiple lighting levels. In one embodiment, the one
or more lamps are operated at one of at least three lighting levels: full output, a first reduced
level output, and a second reduced level output. The lighting system converter circuit varies
the impedance in series with the one or more lamps in order to control the lighting levels.
[0007] In an embodiment, there is provided a lighting system converter circuit to selectively
operate a plurality of lamps connected to a lamp power converter. The lamp power converter
includes the lighting system converter circuit. The lighting system converter circuit includes
a first impedance circuit and a second impedance circuit. The first impedance circuit
includes: a first input terminal configured to receive a first control signal, wherein the first
control signal indicates a state of a first switch, and wherein the first control signal has a first
logic level and a second logic level, wherein the first logic level corresponds to the first
switch being non-conductive and the second logic level corresponds to the first switch being
conductive; a first impedance component configured to connect in series with the plurality of
lamps; and a first switching network connected to the first input terminal and in parallel with
the first impedance component, wherein the first switching network is configured to
selectively operate between a conductive state and a non-conductive state as a function of the
logic level of the first control signal. The second impedance circuit includes: a second input
terminal configured to receive a second control signal, wherein the second control signal
indicates a state of a second switch, and wherein the second control signal has a first logic
level and a second logic level, wherein the first logic level corresponds to the second switch
being non-conductive and the second logic level corresponds to the second switch being
conductive; a second impedance component configured to connect in series with the plurality
of lamps; and a second switching network connected to the second input terminal and in
parallel with the second impedance component, wherein the second switching network is
configured to selectively operate between a conductive state and a non-conductive state as a
function of the logic level of the second control signal.

[0008] In a related embodiment, the first switching network may be configured to operate in
a conductive state when the first control signal is at the second logic level, and to operate in a
non-conductive state when the first control signal is at the first logic level. In another related

embodiment, the second switching network may be configured to operate in a conductive
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state when the second control signal is at the second logic level, and to operate in a non-
conductive state when the second control signal is at the first logic level. In yet another
related embodiment, the first and second impedance components may include one or more
capacitors.

[0009] In still another related embodiment, the first impedance component may have a first
impedance value and the second impedance component may have a second impedance value,
and the second impedance value may be greater than the first impedance value. In a further
related embodiment, the lighting system converter circuit may be configured to provide a first
voltage level to energize the plurality of lamps when the first switching component is
conductive and the second switching component is non-conductive, and the lighting system
converter circuit may be configured to provide a second voltage level to energize the plurality
of lamps when the first switching component is non-conductive and the second switching
component is conductive, and the second voltage level may be greater than the first voltage
level. In another further related embodiment, the lighting system converter circuit may be
configured to provide a first voltage level to energize the plurality of lamps when the first
control signal is at the second logic level and the second control signal is at the first logic
level, and the lighting system converter circuit may be configured to provide a second voltage
level to energize the plurality of lamps when the first control signal is at the first logic level
and the second control signal is at the second logic level, and the second voltage level may be
greater than the first voltage level.

[0010] In yet another related embodiment, the lighting system converter circuit may be
configured to operate the plurality of lamps at maximum brightness when the first switching
component is conductive and the second switching component is conductive. In still yet
another related embodiment, the lighting system converter circuit may be configured to
operate the plurality of lamps at maximum brightness when the first control signal is at the
second logic level and the second control signal is at the second logic level. In yet still
another related embodiment, the first switching network may include: a first transistor having
a drain terminal, a gate terminal, and a source terminal; and a second transistor having a drain
terminal, a gate terminal, and a source terminal; wherein the gate terminal of the first
transistor and the gate terminal of the second transistor may be connected to the first input
terminal of the first impedance circuit to receive the first control signal therefrom; and the
drain terminal of the first transistor may be connected to a first terminal of the first
impedance component and the drain terminal of the second transistor may be connected to a

second terminal of the first impedance component; and the second switching network may
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include: a third transistor having a drain terminal, a gate terminal, and a source terminal; and
a fourth transistor having a drain terminal, a gate terminal, and a source terminal; wherein the
gate terminal of the third transistor and the gate terminal of the fourth transistor may be
connected to the second input terminal to receive the second control signal therefrom; and the
drain terminal of the third transistor may be connected to a first terminal of the second
impedance component and the drain terminal of the fourth transistor may be connected to a
second terminal of the second impedance component.

[0011] In still yet another related embodiment, a first isolation transformer with biasing
circuitry may be connected between the first input terminal and the first switching network,
and a second isolation transformer with biasing circuitry may be connected between the
second input terminal and the second switching network. In yet still another related
embodiment, a first opto-isolator with biasing circuitry may be connected between the first
input terminal and the first switching network, and a second opto-isolator with biasing
circuitry may be connected between the second input terminal and the second switching
network.

[0012] In another embodiment, there is provided a method performed by a lighting system
converter circuit of a lamp power converter. The method includes: receiving a first control
signal indicative of a state of a first switch, wherein the first control signal has a first logic
level when the first switch is non-conductive and the first control signal has a second logic
level when the first switch is conductive; receiving a second control signal indicative of a
state of a second switch, wherein the second control signal has a first logic level when the
second switch is non-conductive and the second control signal has a second logic level when
the second switch is conductive; providing a first impedance in series with a plurality of
lamps connected to the lamp power converter when the first control signal is at the first logic
level; bypassing the first impedance from operating in series with the plurality of lamps
connected to the lamp power converter when the first control signal is at the second logic
level; providing a second impedance in series with the plurality of lamps connected to the
lamp power converter when the second control signal has the first logic level, wherein the
first impedance and the second impedance have different values; and bypassing the second
impedance from operating in series with the plurality of lamps connected to the lamp power
converter when the second control signal has the second logic level.

[0013] In a related embodiment, the method may further include: providing a first voltage
level to the plurality of lamps when the first control signal is at the second logic level and the

second control signal is at the first logic level; and providing a second voltage level to the
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plurality of lamps when the first control signal is at the first logic level and the second control
signal is at the first logic level, wherein the second voltage level is greater than the first
voltage level. In another related embodiment, the second impedance may be greater than the
first impedance. In still another related embodiment, the first impedance may be greater than
the second impedance.

[0014] In another embodiment, there is provided a lamp power converter to power a plurality
of lamps connected thereto from an alternating current (AC) power supply. The lamp power
converter includes: a first switch adapted to selectively connect the lamp power converter to a
first high voltage terminal of the AC power supply, the first switch having an on state and an
off state; a second switch adapted to selectively connect the lamp power converter to a
second high voltage terminal of the AC power supply, the second switch having an on state
and an off state; a switch control circuit to generate a first control signal and a second control
signal, wherein the first control signal indicates a status of the first switch, and wherein the
second control signal indicates a status of the second switch; and a lighting system converter
circuit configured to provide a first impedance in series with the plurality of lamps when the
first control signal indicates a first status of the first switch, and to provide a second
impedance in series with the plurality of lamps when the second control signal indicates a
first status of the second switch.

[0015] In a related embodiment, the lighting system converter circuit may include: a first
impedance circuit including: a first input terminal configured to receive the first control
signal from the switch control circuit; a first impedance component configured to connect in
series with the plurality of lamps; and a first switching network connected to the first input
terminal and in parallel with the first impedance component, wherein the first switching
network is configured to selectively operate between a conductive state and a non-conductive
state as a function of the status of the first switch as indicated by the first control signal; and a
second impedance circuit including: a second input terminal configured to receive the second
control signal from the switch control circuit; a second impedance component configured to
connect in series with the plurality of lamps; and a second switching network connected to
the second input terminal and in parallel with the second impedance component, wherein the
second switching network is configured to selectively operate between a conductive state and
a non-conductive state as a function of the status of the second switch as indicated by the
second control signal.

[0016] In a further related embodiment, the lighting system converter circuit may further

include: a first isolation and bias circuit connected between the switch control circuit and the
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first switching network; and a second isolation and bias circuit connected between the switch
control circuit and the second switching network.

[0017] In another related embodiment, the lighting system converter circuit may be
configured to provide a first voltage level to the plurality of lamps when the first control
signal indicates a second status of the first switch and the second control signal indicates the
first status of the second switch, and to provide a second voltage level to the plurality of
lamps when the first control signal indicates the first status of the first switch and the second
control signal indicates a second status of the second switch, wherein the second voltage level

may be greater than the first voltage level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The foregoing and other objects, features and advantages disclosed herein will be
apparent from the following description of particular embodiments disclosed herein, as
illustrated in the accompanying drawings in which like reference characters refer to the same
parts throughout the different views. The drawings are not necessarily to scale, emphasis
instead being placed upon illustrating the principles disclosed herein.

[0019] FIG. 1 shows a schematic diagram, partially in block form, of a lamp system
according to embodiments disclosed herein.

[0020] FIG. 2 is a block diagram of a method performed by a lighting system converter
circuit of a power converter according to embodiments disclosed herein.

[0021] FIGs. 3A, 3B, and 3C illustrate various waveforms resulting from the control signals
and the states of the switches corresponding to those control signals, according to

embodiments disclosed herein.

DETAILED DESCRIPTION

[0022] FIG. 1 illustrates a lamp system 100 according to an embodiment of the invention.
The lamp system 100 includes an input power source, such as but not limited to an alternating
current (AC) power supply 102. The lamp system 100 also includes a power converter 104
(e.g., a ballast), and a plurality of lamps 106A, 106B connected together in parallel. In some
embodiments, the plurality of lamps 106A, 106B may be connected in series. Although only
two lamps 106A and 106B are shown in the lamp system 100 of FIG. 1, the lamp system 100
may include any number of lamps connected together parallel or in series. In some

embodiments, one or more of the plurality of lamps 106A, 106B is a T8 fluorescent lamp
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available from OSRAM SYLVANIA, Philips, or General Electric. Of course, the lamp
system 100 may be used to energize other types of lamps not specifically mentioned herein
without departing from the scope of the invention.

[0023] The power converter 104 includes a first high voltage input terminal 108 (i.e., line
voltage input terminal, hot input terminal) to be connected to a first high voltage terminal
(e.g., hot wire) of the alternating current (AC) power supply 102 (e.g., standard 120V or
240V AC household power), and a second high voltage input terminal 110 (i.c., line voltage
input terminal) to be connected to a second high voltage terminal of the AC power supply
102. The power converter 104 also includes a neutral input terminal 112 to be connected to a
neutral wire of the AC power supply 102, and a ground terminal (not shown) connectable to
ground potential. A first switch S1 is connected to the first high voltage input terminal 108.
Accordingly, the first switch S1 is adapted to selectively connect the power converter 104 to
the first high voltage terminal of the AC power supply 102. A second switch S2 is connected
to the second high voltage input terminal 110. As such, the second switch S2 is adapted to
selectively connect the power converter 104 to the second high voltage terminal of the AC
power supply 102. The first switch S1 and the second switch S2 may be implemented by, for
example but not limited to, conventional wall switches having an on state and an off state,
among other possible states.

[0024] A rectifier circuit 120 is coupled to the first high voltage input terminal 108, the
second high voltage input terminal 110, and the neutral terminal 112. In particular, the
rectifier circuit 120 is coupled to the first high voltage input terminal 108 via a first
electromagnetic interference (EMI) inductor L1. The rectifier circuit 120 is coupled to the
second high voltage input terminal 110 via a second EMI inductor L2. The rectifier circuit
120 is coupled to the neutral terminal 112 via a third EMI inductor L3. As shown in FIG. 1,
the rectifier circuit 120 is a full-wave rectifier implemented by an arrangement comprising a
first diode D1, a second diode D2, a third diode D3, a fourth diode D4, a fifth diode D5, and a
sixth diode D6. The first diode D1 has an anode coupled to a first node 122 and a cathode
coupled to a second node 124. The first node 122 is coupled to the second high voltage input
terminal 110 via the second EMI inductor L.2. The second diode D2 has an anode coupled to
ground potential and a cathode coupled to the first node 122. The third diode D3 has an
anode coupled to a third node 126 and a cathode coupled to the second node 124. The third
node 126 is coupled to first high voltage input terminal 108 via the first EMI inductor L1.
The fourth diode D4 has an anode coupled to the ground potential and a cathode coupled to
the third node 126. The fifth diode D5 has an anode coupled to a fourth node 128 and a
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cathode coupled to the second node 124. The fourth node 128 is coupled to the neutral input
terminal 112 via the third EMI inductor L3. The sixth diode D6 has an anode coupled to
ground potential and a cathode coupled to the fourth node 128.

[0025] A first EMI capacitor Cx1 is connected between the first high voltage input terminal
108 and the neutral terminal 112. A second EMI capacitor Cx2 is connected between the
second high voltage input terminal 1 and the neutral terminal 112. Specifically, the first EMI
capacitor Cx1 is connected between the third node 126 and the fourth node 128. The second
EMI capacitor Cx2 is connected between the first node 122 and the fourth node 128. As
shown in FIG. 1, a high frequency bypass capacitor C3 may be, and in some embodiments, is,
connected between the fourth node 128 and the ground potential.

[0026] In operation, the power converter 104 selectively receives a sinusoidal AC voltage
signal from the AC power supply 102 via the first switch S1 and/or the second switch S2.
The first EMI inductor L1, the second EMI inductor L2, and the third EMI inductor L3, and
the first EMI capacitor Cx1 and the second EMI capacitor Cx2 reduce high frequency noise
generated by the power converter 104. The rectifier circuit 120 receives the AC voltage
signal and generates a rectified voltage signal therefrom. The high frequency bypass
capacitor C3 reduces high frequency noise in the rectified voltage signal. A lighting system
converter circuit 130 is coupled to the rectifier circuit 120 via the high frequency bypass
capacitor C3. The lighting system converter circuit 130 receives the rectified voltage signal
and provides a voltage and current suitable to energize the plurality of lamps 106A, 106B. In
some embodiments, such as is shown in FIG. 1, the lighting system converter circuit 130 may
include a power factor correction circuit 150 and an inverter circuit 152. The inverter circuit
152 is formed by capacitors C24, C25, C26, and C27, windings L.2A and L.2B, which
function as a current choke, transformer windings T1A, T1B, T1C, and T1D, diodes DI1,
DI2, D16, and D17, resistors R61 and R62, and transistors QI1 and QI2. In some
embodiments, the transformers windings T1A, T1B, T1C, and T1D are wound on one core,
while the windings L2A and L2B are wound on another core. In some embodiments, a
current limiting capacitor is connected in series with each lamp 106A and 106B, between the
inverter 152 and each lamp 106A and 106 B. As shown in FIG. 1, a first current limiting
capacitor C21 is connected in series with the first lamp 106A, between the inverter 152 and
the first lamp 106A. Similarly, a second current limiting capacitor C22 is connected in series
with the second lamp 106B, between the inverter 152 and the second lamp 106B.

[0027] The power converter 104 includes a switch control circuit 132 to provide control

signals to the lighting system converter circuit 130 as a function of the states (e.g., statuses)
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of the first switch S1 and the second switch S2, according to any circuit known in the art to
perform such functionality. In some embodiments, the first control signal (i.e., control signal
1) is a voltage signal having a magnitude (e.g., voltage level) that is dependent on the state
(e.g., a status) of the first switch S1. The second control signal (i.e., control signal 2) is a
voltage signal having a magnitude (e.g., voltage level) that is dependent on the state (e.g., a
status) of the second switch S1. The first switch S1, in some embodiments, has a first status
and a second status, each status indicating a state of the first switch S1. Similarly, the second
switch S2, in some embodiments, has a first status and a second status, each status indicating
a state of the second switch S2. In some embodiments, the first status of the first switch S1 is
the same, or approximately the same, as the first status of the second switch S2. Similarly, in
some embodiments, the second status of the first switch S2 is the same, or approximately the
same, as the second status of the second switch S2. For example, as shown in FIG. 1, when
the first switch S1 is in an off state, the magnitude of the first control signal is at a first level
(e.g., low level, 0 volts), thus indicating a particular status of the first switch S1. When the
first switch S1 is in the on state, the magnitude of the first control signal is at a second level
(e.g., high level, 10 volts), thus indicating a particular status of the first switch S1. Similarly,
when the second switch S2 is in an off state, the magnitude of the second control signal is at a
first level (e.g., low level, 0 volts), thus indicating a particular status of the second switch S2.
When the second switch S2 is in the on state, the magnitude of the second control signal is at
a second level (e.g., high level, 10 volts), thus indicating a particular status of the second
switch S2. In turn, the lighting system converter circuit 130 provides a voltage signal to the
plurality of lamps 106A, 106B as a function of the first and second control signals. The
plurality of lamps 106A, 106B generate a particular amount of light (e.g., lumens, lighting
level) as a function of the voltage signal (e.g., voltage level, voltage magnitude) provided to
the plurality of lamps 106A, 106B by the lighting system converter circuit 130.

[0028] The lighting system converter circuit 130 includes a first impedance circuit that
provides a first impedance in series with the plurality of lamps 106A, 106B as a function of
the first control signal. The lighting system converter circuit 130 also includes a second
impedance circuit that provides a second impedance in series with the plurality of lamps
106A, 106B as a function of the second control signal. When impedance is added in series
with the plurality of lamps 106A, 106B, the voltage level provided to the plurality of lamps
106A, 106B is reduced, and thus the amount of light generated by the plurality of lamps
106A, 106B is likewise reduced. As such, the lighting system converter circuit 130 is able to
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operate the plurality of lamps 106A, 106B at multiple lighting levels as a function of the
states of the first and second switches S1 and S2.

[0029] In some embodiments, the first impedance circuit comprises a first input terminal 154,
a first impedance component, such as but not limited to a capacitor C10, and a first switching
network QA, QB. The first input terminal 154 is configured to receive the first control signal
that indicates the state of the first switch S1. The capacitor C10 (broadly, the first impedance
component) is configured to connect in series with the plurality of lamps 106A, 106B when
the plurality of lamps 106A, 106B are connected to the power converter 104. In some
embodiments, a bleeder resistor R59 is connected in parallel with capacitor C10. The first
switching network QA, QB is connected to the first input terminal 154 and in parallel with
the capacitor C10. In some embodiments, such as is shown in FIG. 1, the first switching
network includes a first transistor QA and a second transistor QB. The first and second
transistors QA and QB may be, but are not limited to, metal-oxide—semiconductor field-
effect transistors (MOSFETs) each having a drain terminal, a gate terminal, and a source
terminal. The gate terminal of the first transistor QA and the gate terminal of the second
transistor QB are connected to the first input terminal 154 so as to receive the first control
signal therefrom. In some embodiments, an isolation and bias circuit 160 may be connected
between the gate terminal of the first transistor QA and the first input terminal 154 so as to
isolate the first control signal from high voltage, which may be present at the power
converter-lamp output. The isolation and bias circuit 160 may, for example, be an isolation
transformer with biasing circuitry or an opto-isolator with biasing circuitry. The drain
terminal of the first transistor QA is connected to a first terminal of the capacitor C10, and the
drain terminal of the second transistor QB is connected to a second terminal of the capacitor
C10. The source terminals of the first and second transistors, QA and QB, are connected to
ground potential.

[0030] Similarly, the second impedance circuit comprises a second input terminal 156, a
second impedance component, such as but not limited to a capacitor C11, and a second
switching network QC, QD. The second input terminal 156 is configured to receive the
second control signal, which indicates the state of the second switch S2. The capacitor C11
(broadly, the second impedance component) is configured to connect in series with the
plurality of lamps 106A, 106B when the plurality of lamps 106A, 106B are connected to the
power converter 104. In some embodiments, a bleeder resistor R60 is connected in parallel
with the capacitor C11. The second switching network is connected to the second input

terminal 156 and is connected in parallel with the capacitor C11. In some embodiments, such
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as is shown in FIG. 1, the second switching network includes a third transistor QC and a
fourth transistor QD. The third and fourth transistors, QC and QD, may be, but are not
limited to, metal-oxide—semiconductor field-effect transistors (MOSFETSs) each having a
drain terminal, a gate terminal, and a source terminal. The gate terminal of the third
transistor QC and the gate terminal of the fourth transistor QD are connected to the second
input terminal 156 to receive the second control signal therefrom. In some embodiments, an
isolation and bias circuit 162 may be connected between the gate terminal of the third
transistor QC and the second input terminal 156 to isolate the second control signal from high
voltage, which may be present at the power converter-lamp output. The isolation and bias
circuit 162 may, for example, be an isolation transformer with biasing circuitry or an opto-
isolator with biasing circuitry. The drain terminal of the third transistor QC is connected to a
first terminal of the capacitor C11, and the drain terminal of the fourth transistor QD is
connected to a second terminal of the capacitor C11. The source terminals of the third and
fourth transistors, QC and QD, are connected to ground potential.

[0031] In operation, the first impedance circuit receives the first control signal via the first
input terminal 154. For example, in some embodiments, the first control signal has a first
logic level (e.g., low level, 0 volts) when the first switch S1 is non-conductive (e.g., OFF),
and the first control signal also has a second logic level (e.g., high level, 10 volts) when the
first switch S1 is conductive (e.g., ON). In some embodiments, at some time when the first
control signal is at the first logic level, the first switching network (QA and QB) is non-
conductive and the first impedance circuit provides a first impedance (e.g., capacitance value
of the capacitor C10) in series with the plurality of lamps 106A, 106B. Alternatively, or
additionally, the first impedance circuit may provide the first impedance at and/or near the
instant when the first control signal changes to the first logic level. Alternatively, or
additionally, the first impedance circuit may provide the first impedance after some period of
time following the instant when the first control signal changes to the first logic level. On the
other hand, at some when the first control signal is at the second logic level, the first
switching network (QA and QB) is conductive, thereby short circuiting the capacitor C10.

As such, the capacitor C10 is bypassed and the first impedance circuit does not introduce a
first impedance (e.g., capacitance value of capacitor C10) in series with the plurality of lamps
106A, 106B. Alternatively, or additionally, the first impedance circuit may not provide the
first impedance at and/or near the instant when the first control signal changes to the second

logic level. Alternatively, or additionally, the first impedance circuit may not provide the
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first impedance after some period of time following the instant when the first control signal
changes to the second logic level.

[0032] Similarly, the second impedance circuit receives the second control signal via the
second input terminal 156. Like the first control signal, in some embodiments, the second
control signal has a first logic level (e.g., low level, 0 volts) when the second switch S2 is
non-conductive (e.g., OFF), and the second control signal has a second logic level (e.g., high
level, 10 volts) when the second switch S2 is conductive (e.g., ON). Accordingly, in some
embodiments, at some time when the second control signal is at the first logic level, the
second switching network (QC and QD) is non-conductive and the second impedance circuit
provides a second impedance (e.g., capacitance value of capacitor C11) in series with the
plurality of lamps 106A, 106B. Alternatively, or additionally, the second impedance circuit
may provide the second impedance at and/or near the instant when the second control signal
changes to the first logic level. Alternatively, or additionally, the second impedance circuit
may provide the second impedance after some period of time following the instant when the
second control signal changes to the first logic level. On the other hand, at some time when
the second control signal is at the second logic level, the second switching network (QC and
QD) is conductive, thereby short circuiting the capacitor C11. As such, the capacitor C11 is
bypassed and the second impedance circuit does not introduce a second impedance (e.g.,
capacitance value of capacitor C11) in series with the plurality of lamps 106A, 106B.
Alternatively, or additionally, the second impedance circuit may not provide the second
impedance at and/or near the instant when the second control signal changes to the second
logic level. Alternatively, or additionally, the second impedance circuit may not provide the
second impedance after some period of time following the instant when the first control
signal changes to the second logic level.

[0033] Thus, when the first switch S1 is conductive (e.g., ON) and the second switch S2 is
non-conductive (¢.g. OFF), the first control signal is at the second logic level and the second
control signal is at the first logic level. Accordingly, the first impedance circuit does not
introduce a first impedance in series with the plurality of lamps 106A, 106B, and instead
bypasses the first impedance component (e.g., the capacitor C10) from operating in series
with the plurality of lamps 106A, 106B. However, the second impedance circuit introduces a
second impedance in series with the plurality of lamps 106A, 106B. As such, a first voltage
level is provided to the plurality of lamps 106A, 106B, and the plurality of lamps 106A, 106B
operate at a first lighting level as a function of the first voltage level. The first voltage level

is a function of the value of the total impedance, in this case the second impedance, which is
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added series with the lamps 106A, 106B by the impedance circuits. For example, the value
of the second impedance component may be selected so that when it is introduced in series
with the plurality of lamps 106A, 106B, the plurality of lamps 106A, 106B operate at 60
percent of the rated lamp current.

[0034] When the first switch S1 is non-conductive (e.g., OFF) and the second switch S2 is
conductive (e.g., ON), the first control signal is the first logic level and the second control
signal is the second logic level. Accordingly, the first impedance circuit introduces a first
impedance in series with the plurality of lamps 106A, 106B. However, the second
impedance circuit does not introduce a second impedance in series with the plurality of lamps
106A, 106B, and instead bypasses the second impedance component (e.g., the capacitor C11)
from operating in series with the plurality of lamps 106A, 106B. As such, a second voltage
level is provided to the plurality of lamps 106A, 106B, and the plurality of lamps 106A, 106B
operate at a second lighting level as a function of the second voltage level. The second
voltage level is a function of the value of the total impedance, in this case the first impedance,
which is added in series with the plurality of lamps 106A, 106B by the impedance circuits.
Thus, if the impedance value of the second impedance component is greater than the
impedance value of the first impedance component, then the second voltage level will be
greater than the first voltage level. For example, the value of the second impedance
component may be selected so that when it is introduced in series with the plurality of lamps
106A, 106B, the plurality of lamps 106A, 106B operate at 80 percent of the rated lamp
current.

[0035] When the first switch S1 and the second switch S2 are both conductive (e.g., ON), the
first control signal and the second control signal both are at the second logic level.
Accordingly, neither the first nor the second impedance circuits introduce impedance in
series with the plurality of lamps 106A, 106B. Instead, the first impedance circuit bypasses
the first impedance component (e.g., the capacitor C10), and the second impedance circuit
likewise bypasses the second impedance component (e.g., the capacitor C11) from operating
in series with the plurality of lamps 106A, 106B. As such, a third voltage level is provided to
the plurality of lamps 106A, 106B, and the plurality of lamps 106A, 106B operate at a third
lighting level as a function of the third voltage level. The third voltage level is a function of
the value of the total impedance, which in this case is none, that is added in series with the
plurality of lamps 106A, 106B by the impedance circuits. Since no impedance is added in
series with the plurality of lamps 106A, 106B by the impedance circuits, the plurality of
lamps 106A, 106B operate at full brightness (e.g., 100 percent of rated lamp current). When
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the first switch S1 and the second switch S2 are both non-conductive (e.g., OFF), no voltage
is provided to the plurality of lamps 106A, 106B.

[0036] In accordance with the above description, FIG. 2 is a block diagram illustrating the
operations of a method 200 performed by the first and second impedance circuits of the
lighting system converter circuit 130. At 210, the first control signal is received and is
indicative of the state of the first switch S1. The first control signal has a first logic level
when the first switch S1 is non-conductive and the first control signal has a second logic level
when the first switch S1 is conductive. Similarly, at 220, the second control signal is
received and is indicative of the state of the second switch S2. The second control signal has
a first logic level when the second switch S2 is non-conductive and the second control signal
has a second logic level with the second switch S2 is conductive. A first impedance is
provided in series with the plurality of lamps 106A, 106B at 230 when the first control signal
is at the first logic level. In contrast, the first impedance is bypassed from operating in series
with the plurality of lamps 106A, 106B at 240 when the first control signal it at the second
logic level. Likewise, a second impedance is provided in series with the lamps plurality of
106A, 106B at 250 when the second control signal is at the first logic level. The second
impedance is bypassed from operating in series with the plurality of lamps 106A, 106B at
260 when the second control signal is at the second logic level.

[0037] FIGs. 3A, 3B, and 3C all illustrate various waveforms (i.e., current and/or voltage)
with respect to various statuses of the first switch S1 and/or the second switch S2. FIG. 3A
shows waveforms indicative of a current through at least one of the plurality of lamps 106A,
106B, when both the first switch S1 and the second switch S2 are conductive (i.e., the first
switch S1 has a first status, and the first status of the first switch S1 is that the first switch S1
is ON; the second switch S2 has a first status, and the first status of the second switch S2 is
that the second switch S2 is ON). This corresponds to, for example, a full brightness (i.e.,
light/lumen output) level of the plurality of lamps 106A, 106B. FIG. 3B shows waveforms
indicative of a current through at least one of the plurality of lamps 106A, 106B, when the
first switch S1 is conductive and the second switch S2 is non-conductive (i.e., the first switch
S1 has the first status, which is that the first switch S1 is ON; the second switch S2 has a
second status, and the second status of the second switch S2 is that the second switch S2 is
OFF). This corresponds to, for example, a first dimming level of the plurality of lamps 106A,
106B, where the plurality of lamps 106A, 106B are generating something less than a full
brightness (i.e., light/lumen output) level. FIG. 3C shows waveforms indicative of a current

through at least one of the plurality of lamps 106A, 106B, when the first switch S1 is non-
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conductive and the second switch S2 is conductive (i.c., the first switch S1 has a second
status, and the second status of the first switch S1 is that the first switch S1 is OFF; the
second switch S2 has the second status, which is that the second switch S2 is OFF). This
corresponds to, for example, a second dimming level of the plurality of lamps 106A, 106B,
where the plurality of lamps 106A, 106B are generating something less than a full brightness
(i.e., light/lumen output) level. In some embodiments, the first dimming level and the second
dimming level are the same, while in other embodiments, the first dimming level and the
second dimming level are different.

[0038] Thus, as described above, the lighting system converter circuit 130 controls a voltage
level provided to the plurality of lamps 106A, 106B as a function of the first and second
control signals to operate the plurality of lamps 106A, 106B at multiple lighting levels.
[0039] Embodiments of the present invention have been described above in connection with
a first and second switch, a first and second control signal, and a first and second impedance
circuit. However, it should be noted that additional switches and corresponding control
signals and impedance circuits may be included in the power converter so that the plurality of
lamps 106A, 106B may be operated at additional lighting levels.

[0040] Further, though components (e.g., the first and second switching networks) have been
described herein using analog components, the functionality of any/all of these may, in some
embodiments, be performed using a combination of hardware (i.e., a microcontroller) and
software (i.c., instructions stored within a memory element, either within the microcontroller
or external to it, that are executed by the microcontroller) to replicate the same functionality
of any of the analog elements, without departing from the scope of the invention.

[0041] The methods and systems described herein are not limited to a particular hardware or
software configuration, and may find applicability in many computing or processing
environments. The methods and systems may be implemented in hardware or software, or a
combination of hardware and software. The methods and systems may be implemented in
one or more computer programs, where a computer program may be understood to include
one or more processor executable instructions. The computer program(s) may execute on one
or more programmable processors, and may be stored on one or more storage medium
readable by the processor (including volatile and non-volatile memory and/or storage
elements), one or more input devices, and/or one or more output devices. The processor thus
may access one or more input devices to obtain input data, and may access one or more
output devices to communicate output data. The input and/or output devices may include one

or more of the following: Random Access Memory (RAM), Redundant Array of Independent
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Disks (RAID), floppy drive, CD, DVD, magnetic disk, internal hard drive, external hard
drive, memory stick, or other storage device capable of being accessed by a processor as
provided herein, where such aforementioned examples are not exhaustive, and are for
illustration and not limitation.

[0042] The computer program(s) may be implemented using one or more high level
procedural or object-oriented programming languages to communicate with a computer
system; however, the program(s) may be implemented in assembly or machine language, if
desired. The language may be compiled or interpreted.

[0043] As provided herein, the processor(s) may thus be embedded in one or more devices
that may be operated independently or together in a networked environment, where the
network may include, for example, a Local Area Network (LAN), wide area network (WAN),
and/or may include an intranet and/or the internet and/or another network. The network(s)
may be wired or wireless or a combination thereof and may use one or more communications
protocols to facilitate communications between the different processors. The processors may
be configured for distributed processing and may utilize, in some embodiments, a client-
server model as needed. Accordingly, the methods and systems may utilize multiple
processors and/or processor devices, and the processor instructions may be divided amongst
such single- or multiple-processor/devices.

[0044] The device(s) or computer systems that integrate with the processor(s) may include,
for example, a personal computer(s), workstation(s) (e.g., Sun, HP), personal digital
assistant(s) (PDAC(s)), handheld device(s) such as cellular telephone(s) or smart cellphone(s),
laptop(s), handheld computer(s), or another device(s) capable of being integrated with a
processor(s) that may operate as provided herein. Accordingly, the devices provided herein
are not exhaustive and are provided for illustration and not limitation.

[0045] References to "a microprocessor” and "a processor” and “a microcontroller”, or "the
microprocessor” and "the processor" and “the microcontroller”, may be understood to include
one or more microprocessors that may communicate in a stand-alone and/or a distributed
environment(s), and may thus be configured to communicate via wired or wireless
communications with other processors, where such one or more processor may be configured
to operate on one or more processor-controlled devices that may be similar or different
devices. Use of such "microprocessor” or "processor” terminology may thus also be
understood to include a central processing unit, an arithmetic logic unit, an application-
specific integrated circuit (IC), and/or a task engine, with such examples provided for

illustration and not limitation.
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[0046] Furthermore, references to memory, unless otherwise specified, may include one or
more processor-readable and accessible memory elements and/or components that may be
internal to the processor-controlled device, external to the processor-controlled device, and/or
may be accessed via a wired or wireless network using a variety of communications
protocols, and unless otherwise specified, may be arranged to include a combination of
external and internal memory devices, where such memory may be contiguous and/or
partitioned based on the application. Accordingly, references to a database may be
understood to include one or more memory associations, where such references may include
commercially available database products (e.g., SQL, Informix, Oracle) and also proprietary
databases, and may also include other structures for associating memory such as links,
queues, graphs, trees, with such structures provided for illustration and not limitation.

[0047] References to a network, unless provided otherwise, may include one or more
intranets and/or the internet. References herein to microprocessor instructions or
microprocessor-executable instructions, in accordance with the above, may be understood to
include programmable hardware.

[0048] Unless otherwise stated, use of the word "substantially" may be construed to include a
precise relationship, condition, arrangement, orientation, and/or other characteristic, and
deviations thereof as understood by one of ordinary skill in the art, to the extent that such
deviations do not materially affect the disclosed methods and systems.

[0049] Throughout the entirety of the present disclosure, use of the articles "a" and/or "an"
and/or "the" to modify a noun may be understood to be used for convenience and to include
one, or more than one, of the modified noun, unless otherwise specifically stated. The terms
"comprising”, "including" and "having" are intended to be inclusive and mean that there may
be additional elements other than the listed elements.

[0050] Elements, components, modules, and/or parts thereof that are described and/or
otherwise portrayed through the figures to communicate with, be associated with, and/or be
based on, something else, may be understood to so communicate, be associated with, and or
be based on in a direct and/or indirect manner, unless otherwise stipulated herein.

[0051] Although the methods and systems have been described relative to a specific
embodiment thereof, they are not so limited. Obviously many modifications and variations
may become apparent in light of the above teachings. Many additional changes in the details,
materials, and arrangement of parts, herein described and illustrated, may be made by those

skilled in the art.
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What 1s claimed is:

1. A lighting system converter circuit to selectively operate a plurality of lamps connected to
a lamp power converter, wherein the lamp power converter includes the lighting system
converter circuit, the lighting system converter circuit comprising:

a first impedance circuit comprising:

a first input terminal configured to receive a first control signal, wherein the
first control signal indicates a state of a first switch, and wherein the first control
signal has a first logic level and a second logic level, wherein the first logic level
corresponds to the first switch being non-conductive and the second logic level
corresponds to the first switch being conductive;

a first impedance component configured to connect in series with the plurality
of lamps; and

a first switching network connected to the first input terminal and in parallel
with the first impedance component, wherein the first switching network is configured
to selectively operate between a conductive state and a non-conductive state as a
function of the logic level of the first control signal; and
a second impedance circuit comprising:

a second input terminal configured to receive a second control signal, wherein
the second control signal indicates a state of a second switch, and wherein the second
control signal has a first logic level and a second logic level, wherein the first logic
level corresponds to the second switch being non-conductive and the second logic
level corresponds to the second switch being conductive;

a second impedance component configured to connect in series with the
plurality of lamps; and

a second switching network connected to the second input terminal and in
parallel with the second impedance component, wherein the second switching
network is configured to selectively operate between a conductive state and a non-

conductive state as a function of the logic level of the second control signal.

2. The lighting system converter circuit of claim 1, wherein the first switching network is
configured to operate in a conductive state when the first control signal is at the second logic
level, and to operate in a non-conductive state when the first control signal is at the first logic

level.
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3. The lighting system converter circuit of claim 1, wherein the second switching network is
configured to operate in a conductive state when the second control signal is at the second
logic level, and to operate in a non-conductive state when the second control signal is at the

first logic level.

4. The lighting system converter circuit of claim 1, wherein the first and second impedance

components comprises one or more capacitors.

5. The lighting system converter circuit of claim 1, wherein the first impedance component
has a first impedance value and the second impedance component has a second impedance

value, and wherein the second impedance value is greater than the first impedance value.

6. The lighting system converter circuit of claim 5, wherein the lighting system converter
circuit is configured to provide a first voltage level to energize the plurality of lamps when
the first switching component is conductive and the second switching component is non-
conductive, and wherein the lighting system converter circuit is configured to provide a
second voltage level to energize the plurality of lamps when the first switching component is
non-conductive and the second switching component is conductive, and wherein the second

voltage level being greater than the first voltage level.

7. The lighting system converter circuit of claim 5, wherein the lighting system converter
circuit is configured to provide a first voltage level to energize the plurality of lamps when
the first control signal is at the second logic level and the second control signal is at the first
logic level, and wherein the lighting system converter circuit is configured to provide a
second voltage level to energize the plurality of lamps when the first control signal is at the
first logic level and the second control signal is at the second logic level, and wherein the

second voltage level is greater than the first voltage level.

8. The lighting system converter circuit of claim 1, wherein the lighting system converter
circuit is configured to operate the plurality of lamps at maximum brightness when the first

switching component is conductive and the second switching component is conductive.
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9. The lighting system converter circuit of claim 1, wherein the lighting system converter
circuit is configured to operate the plurality of lamps at maximum brightness when the first
control signal is at the second logic level and the second control signal is at the second logic

level.

10. The lighting system converter circuit of claim 1, wherein the first switching network
comprises:

a first transistor having a drain terminal, a gate terminal, and a source terminal; and

a second transistor having a drain terminal, a gate terminal, and a source terminal;

wherein the gate terminal of the first transistor and the gate terminal of the second
transistor are connected to the first input terminal of the first impedance circuit to receive the
first control signal therefrom; and

wherein the drain terminal of the first transistor is connected to a first terminal of the
first impedance component and the drain terminal of the second transistor is connected to a
second terminal of the first impedance component; and
wherein the second switching network comprises:

a third transistor having a drain terminal, a gate terminal, and a source terminal; and

a fourth transistor having a drain terminal, a gate terminal, and a source terminal;

wherein the gate terminal of the third transistor and the gate terminal of the fourth
transistor are connected to the second input terminal to receive the second control signal
therefrom; and

wherein the drain terminal of the third transistor is connected to a first terminal of the
second impedance component and the drain terminal of the fourth transistor is connected to a

second terminal of the second impedance component.

11. The lighting system converter circuit of claim 1, wherein a first isolation transformer with
biasing circuitry is connected between the first input terminal and the first switching network,
and wherein a second isolation transformer with biasing circuitry is connected between the

second input terminal and the second switching network.

12. The lighting system converter circuit of claim 1, wherein a first opto-isolator with biasing
circuitry is connected between the first input terminal and the first switching network, and
wherein a second opto-isolator with biasing circuitry is connected between the second input

terminal and the second switching network.
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13. A method performed by a lighting system converter circuit of a lamp power converter, the
method comprising:

receiving a first control signal indicative of a state of a first switch, wherein the first
control signal has a first logic level when the first switch is non-conductive and the first
control signal has a second logic level when the first switch is conductive;

receiving a second control signal indicative of a state of a second switch, wherein the
second control signal has a first logic level when the second switch is non-conductive and the
second control signal has a second logic level when the second switch is conductive;

providing a first impedance in series with a plurality of lamps connected to the lamp
power converter when the first control signal is at the first logic level;

bypassing the first impedance from operating in series with the plurality of lamps
connected to the lamp power converter when the first control signal is at the second logic
level;

providing a second impedance in series with the plurality of lamps connected to the
lamp power converter when the second control signal has the first logic level, wherein the
first impedance and the second impedance have different values; and

bypassing the second impedance from operating in series with the plurality of lamps
connected to the lamp power converter when the second control signal has the second logic

level.

14. The method of claim 13, further comprising:
providing a first voltage level to the plurality of lamps when the first control signal is
at the second logic level and the second control signal is at the first logic level; and
providing a second voltage level to the plurality of lamps when the first control signal
is at the first logic level and the second control signal is at the first logic level, wherein the

second voltage level is greater than the first voltage level.

15. The method of claim 13, wherein the second impedance is greater than the first

impedance.

16. The method of claim 13, wherein the first impedance is greater than the second

impedance.
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17. A lamp power converter to power a plurality of lamps connected thereto from an
alternating current (AC) power supply, the lamp power converter comprising:

a first switch adapted to selectively connect the lamp power converter to a first high
voltage terminal of the AC power supply, the first switch having an on state and an off state;

a second switch adapted to selectively connect the lamp power converter to a second
high voltage terminal of the AC power supply, the second switch having an on state and an
off state;

a switch control circuit to generate a first control signal and a second control signal,
wherein the first control signal indicates a status of the first switch, and wherein the second
control signal indicates a status of the second switch; and

a lighting system converter circuit configured to provide a first impedance in series
with the plurality of lamps when the first control signal indicates a first status of the first
switch, and to provide a second impedance in series with the plurality of lamps when the

second control signal indicates a first status of the second switch.

18. The lamp power converter of claim 17, wherein the lighting system converter circuit
comprises:
a first impedance circuit comprising:
a first input terminal configured to receive the first control signal from the
switch control circuit;
a first impedance component configured to connect in series with the plurality
of lamps; and
a first switching network connected to the first input terminal and in parallel
with the first impedance component, wherein the first switching network is configured
to selectively operate between a conductive state and a non-conductive state as a
function of the status of the first switch as indicated by the first control signal; and
a second impedance circuit comprising:
a second input terminal configured to receive the second control signal from
the switch control circuit;
a second impedance component configured to connect in series with the
plurality of lamps; and
a second switching network connected to the second input terminal and in
parallel with the second impedance component, wherein the second switching

network is configured to selectively operate between a conductive state and a non-
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conductive state as a function of the status of the second switch as indicated by the

second control signal.

19. The lamp power converter of claim 18, wherein the lighting system converter circuit
further comprises:

a first isolation and bias circuit connected between the switch control circuit and the
first switching network; and

a second isolation and bias circuit connected between the switch control circuit and

the second switching network.

20. The lamp power converter of claim 17 wherein the lighting system converter circuit is
configured to provide a first voltage level to the plurality of lamps when the first control
signal indicates a second status of the first switch and the second control signal indicates the
first status of the second switch, and to provide a second voltage level to the plurality of
lamps when the first control signal indicates the first status of the first switch and the second
control signal indicates a second status of the second switch, wherein the second voltage level

is greater than the first voltage level.
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