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SYSTEMS AND METHODS FOR MAINTAINING DIMMER BEHAVIOR IN A
LOW-POWER LAMP ASSEMBLY

CROSS-REFERENCE TO RELATED APPLICATION

The present application claims priority from U.S. Nonprovisional Patent Application

No. 14/332,931 filed on July 16, 2014, which is incorporated herein by reference.

FIELD OF DISCLOSURE

The present disclosure relates in general to the field of electronics, and more
specifically to systems and methods for maintaining desired behavior of a dimmer

associated with a lightning system.

BACKGROUND

Many electronic systems include circuits, such as switching power converters or
transformers that interface with a dimmer. The interfacing circuits deliver power to a load
in accordance with the dimming level set by the dimmer. For example, in a lighting
system, dimmers provide an input signal to a lighting system. The input signal represents
a dimming level that causes the lighting system to adjust power delivered to a lamp, and,
thus, depending on the dimming level, increase or decrease the brightness of the lamp.
Many different types of dimmers exist. In general, dimmers generate an output signal in
which a portion of an alternating current (“AC”) input signal is removed or zeroed out.
For example, some analog-based dimmers utilize a triode for alternating current (“triac”)
device to modulate a phase angle of each cycle of an alternating current supply voltage.
This modulation of the phase angle of the supply voltage is also commonly referred to as
“phase cutting” the supply voltage. Phase cutting the supply voltage reduces the average
power supplied to a load, such as a lighting system, and thereby controls the energy
provided to the load.

A particular type of a triac-based, phase-cutting dimmer is known as a leading-
edge dimmer. A leading-edge dimmer phase cuts from the beginning of an AC cycle,
such that during the phase-cut angle, the dimmer is “off” and supplies no output voltage
to its load, and then turns “on” after the phase-cut angle and passes phase cut input signal

to its load. To ensure proper operation, the load must provide to the leading-edge dimmer
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a load current sufficient to maintain an inrush current above a current necessary for
opening the triac. Due to the sudden increase in voltage provided by the dimmer and the
presence of capacitors in the dimmer, the current that must be provided is typically
substantially higher than the steady state current necessary for triac conduction.
Additionally, in steady state operation, the load must provide to the dimmer a load current
to remain above another threshold known as a “hold current” needed to prevent premature
disconnection of the triac.

FIGURE 1 depicts a lighting system 100 that includes a triac-based leading-edge
dimmer 102 and a lamp 142. FIGURE 2 depicts example voltage and current graphs
associated with lighting system 100. Referring to FIGURES 1 and 2, lighting system 100
receives an AC supply voltage VsuppLy from voltage supply 104. The supply voltage
Vsuppry is, for example, a nominally 60 Hz/110 V line voltage in the United States of
America or a nominally 50 Hz/220 V line voltage in Europe. Triac 106 acts as a voltage-
driven switch, and a gate terminal 108 of triac 106 controls current flow between the first
terminal 110 and the second terminal 112. A gate voltage Vg on the gate terminal 108
above a firing threshold voltage value Vg will cause triac 106 to turn ON, in turn causing
a short of capacitor 121 and allowing current to flow through triac 106 and dimmer 102 to
generate an output current ippy.

Assuming a resistive load for lamp 142, the dimmer output voltage Vg pp is zero
volts from the beginning of each of half cycles 202 and 204 at respective times tp and t,
until the gate voltage Vg reaches the firing threshold voltage value Vi Dimmer output
voltage Vg pnv represents the output voltage of dimmer 102. During timer period topg, the
dimmer 102 chops or cuts the supply voltage Vsuppry so that the dimmer output voltage
Vo pv remains at zero volts during time period torp. At time t;, the gate voltage Vg
reaches the firing threshold value Vg, and triac 106 begins conducting. Once triac 106
turns ON, the dimmer voltage Vg pp tracks the supply voltage Vsuppry during time
period ton.

Once triac 106 turns ON, the current ipny drawn from triac 106 must exceed an
attach current ippr in order to sustain the inrush current through triac 106 above a
threshold current necessary for opening triac 106. In addition, once triac 106 turns ON,

triac 106 continues to conduct current ipp regardless of the value of the gate voltage Vg
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as long as the current ippy remains above a holding current value ipc. The attach current
value iarT and the holding current value iyc is a function of the physical characteristics of
the triac 106. Once the current ippy drops below the holding current value iy, i.e. ipmy <
ifc, triac 106 turns OFF (i.e., stops conducting), until the gate voltage Vg again reaches
the firing threshold value Vg, In many traditional applications, the holding current value
igc is generally low enough so that, ideally, the current ippy drops below the holding
current value igc when the supply voltage VsuppLy is approximately zero volts near the
end of the half cycle 202 at time t,.

The variable resistor 114 in series with the parallel connected resistor 116 and
capacitor 118 form a timing circuit 115 to control the time t; at which the gate voltage Vg
reaches the firing threshold value Vr. Increasing the resistance of variable resistor 114
increases the time torr, and decreasing the resistance of variable resistor 114 decreases the
time torp. The resistance value of the variable resistor 114 effectively sets a dimming
value for lamp 142. Diac 119 provides current flow into the gate terminal 108 of triac
106. The dimmer 102 also includes an inductor choke 120 to smooth the dimmer output
voltage V¢ pivi. As known in the art, an inductor choke is a passive two-terminal
electronic component (e.g., an inductor) which is designed specifically for blocking
higher-frequency alternating current (AC) in an electrical circuit, while allowing lower
frequency or direct current to pass. Triac-based dimmer 102 also includes a capacitor 121
connected across triac 106 and inductor choke 120 to reduce electro-magnetic
interference.

Ideally, modulating the phase angle of the dimmer output voltage Vg pm
effectively turns the lamp 142 OFF during time period topr and ON during time period tox
for each half cycle of the supply voltage Vguppry. Thus, ideally, the dimmer 102
effectively controls the average energy supplied to lamp 142 in accordance with the
dimmer output voltage Vo pm.

The triac-based dimmer 102 adequately functions in many circumstances, such as
when lamp 142 consumes a relatively high amount of power, such as an incandescent
light bulb. However, in circumstances in which dimmer 102 is loaded with a lower-power
load (e.g., a light-emitting diode or LED lamp), such load may draw a small amount of

current ippy, and it is possible that the current ippy may fail to reach the attach current isrr
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and also possible that current ippy may prematurely drop below the holding current value
igc before the supply voltage Vsuppry reaches approximately zero volts. If the current ippy
fails to reach the attach current iatr, dimmer 102 may prematurely disconnect and may
not pass the appropriate portion of input voltage Vsuppry to its output. If the current ippy
prematurely drops below the holding current value igc, the dimmer 102 prematurely shuts
down, and the dimmer voltage V¢ pny will prematurely drop to zero. When the dimmer
voltage V¢ pm prematurely drops to zero, the dimmer voltage V¢ ppv does not reflect the
intended dimming value as set by the resistance value of variable resistor 114. For
example, when the current ippg drops below the holding current value ipc at a time
significantly earlier than t, for the dimmer voltage Vg ppv 206, the ON time period ton
prematurely ends at a time earlier than t, instead of ending at time t,, thereby decreasing
the amount of energy delivered to the load. Thus, the energy delivered to the load will not
match the dimming level corresponding to the dimmer voltage Vo pnv. In addition, when
Vo pmv prematurely drops to zero, charge may accumulate on capacitor 118 and gate 108,
causing triac 106 to again refire if gate voltage V¢ exceeds firing threshold value Vg
during the same half cycle 202 or 204, and/or causing triac 106 to fire incorrectly in
subsequent half cycles due to such accumulated charge. Thus, premature disconnection
of triac 106 may lead to errors in the timing circuitry of dimmer 102 and instability in its
operation.

Another particular type of phase-cutting dimmer is known as a trailing-edge
dimmer. A trailing-edge dimmer phase cuts from the end of an AC cycle, such that
during the phase-cut angle, the dimmer is “off” and supplies no output voltage to its load,
but is “on” before the phase-cut angle and in an ideal case passes a waveform
proportional to its input voltage to its load.

FIGURE 3 depicts a lighting system 300 that includes a trailing-edge, phase-cut
dimmer 302 and a lamp 342. FIGURE 4 depicts example voltage and current graphs
associated with lighting system 300. Referring to FIGURES 3 and 4, lighting system 300
receives an AC supply voltage Vsuppry from voltage supply 304. The supply voltage
Vsuppry, indicated by voltage waveform 402, is, for example, a nominally 60 Hz/110 V
line voltage in the United States of America or a nominally 50 Hz/220 V line voltage in

Europe. Trailing edge dimmer 302 phase cuts trailing edges, such as trailing edges 402
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and 404, of each half cycle of supply voltage Vsuppry. Since each half cycle of supply
voltage Vsuppry is 180 degrees of the supply voltage Vsuppry, the trailing edge dimmer
302 phase cuts the supply voltage VsuppLy at an angle greater than O degrees and less than
180 degrees. The phase cut, input voltage Vg pmv to lamp 342 represents a dimming level
that causes the lighting system 300 to adjust power delivered to lamp 342, and, thus,
depending on the dimming level, increase or decrease the brightness of lamp 342.

Dimmer 302 includes a timer controller 310 that generates dimmer control signal
DCS to control a duty cycle of switch 312. The duty cycle of switch 312 is a pulse width
(e.g., times t;-ty) divided by a period of the dimmer control signal (e.g., times t3-tg) for
each cycle of the dimmer control signal DCS. Timer controller 310 converts a desired
dimming level into the duty cycle for switch 312. The duty cycle of the dimmer control
signal DCS is decreased for lower dimming levels (i.e., higher brightness for lamp 342)
and increased for higher dimming levels. During a pulse (e.g., pulse 406 and pulse 408)
of the dimmer control signal DCS, switch 312 conducts (i.e., is “on”), and dimmer 302
enters a low resistance state. In the low resistance state of dimmer 302, the resistance of
switch 312 is, for example, less than or equal to 10 ohms. During the low resistance state
of switch 312, the phase cut, input voltage V¢ ppy tracks the input supply voltage Vsuppry
and dimmer 302 transfers a dimmer current ippy to lamp 342.

When timer controller 310 causes the pulse of dimmer control signal 406 to end,
dimmer control signal 406 turns switch 312 off, which causes dimmer 302 to enter a high
resistance state (i.e., turns off). In the high resistance state of dimmer 302, the resistance
of switch 312 is, for example, greater than 1 kiloohm. Dimmer 302 includes a capacitor
314, which charges to the supply voltage Vsuppry during each pulse of the timer control
signal DCS. In both the high and low resistance states of dimmer 302, the capacitor 314
remains connected across switch 312. When switch 312 is off and dimmer 302 enters the
high resistance state, the voltage V¢ across capacitor 314 increases (e.g., between times t;
and t, and between times t4 and ts5). The rate of increase is a function of the amount of
capacitance C of capacitor 314 and the input impedance of lamp 342. If effective input
resistance of lamp 342 is low enough, it permits a high enough value of the dimmer
current ippy to allow the phase cut, input voltage V¢ ppv to decay to a zero crossing (e.g.,

at times t, and ts) before the next pulse of the dimmer control signal DCS.
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Dimming a light source with dimmers saves energy when operating a light source
and also allows a user to adjust the intensity of the light source to a desired level.
However, conventional dimmers, such as triac-based leading-edge dimmers and trailing-
edge dimmers, that are designed for use with resistive loads, such as incandescent light
bulbs, often do not perform well when supplying a raw, phase modulated signal to a
reactive load such as an electronic power converter, as may be used in connection with a
low-power lamp. Thus, lightning systems including such reactive loads must typically
include circuitry for handling reactive energy of the dimmer and other components of the
lighting system in order to achieve compatibility between the dimmer and the load so that
the dimmer operates in a stable manner. FIGURES 5 and 6 depict lighting systems
employing known approaches to handle such reactive energy.

In lighting system 500 of FIGURE 5, dimmer voltage V¢ pnv is converted by a
power converter 522 to an output voltage Vour in order to provide a desired energy
output to lamp 542 in accordance with the dimmer control setting (e.g., phase angle) of
dimmer 502. Additional reactive energy, attach energy associated with providing an
attached current, or other energy present in lighting system 500 may be dissipated in a
dissipative circuit 552 integral to the lamp assembly housing lamp 542, thus generating
heat. In some lighting systems (e.g., those coupled to 230V supplies), the amount of
energy to be dissipated to dissipative circuit 552 may be significant, placing challenges on
thermal design of power converter 522.

In lighting system 600 of FIGURE 6, dimmer voltage Vg pnv is converted by a
power converter 622 to an output voltage Vour in order to provide a desired energy
output to lamp 642 in accordance with the dimmer control setting (e.g., phase angle) of
dimmer 602. Furthermore, additional reactive energy, attach energy associated with
providing an attached current, or other energy present in lighting system 600 may also be
distributed to lamp 642 in order to dissipate the reactive energy, attach energy, or other
energy. While the approach depicted in FIGURE 6 is a design choice that may have
advantages to that over the approach in FIGURE 5, in that the approach of FIGURE 6
passes energy to be dissipated to lamp 642 in order to avoid dissipation of energy
internally to the lamp assembly. However, such approach may limit the dimming range

of lighting system 600. For example, the approach depicted in FIGURE 6 may permit
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lamp 642 to be dimmed to a minimum of 25% of its maximum output level, and thus may

be undesirable.

SUMMARY

In accordance with the teachings of the present disclosure, certain disadvantages
and problems associated with maintaining desired behavior of a dimmer in a lightning
system may be reduced or eliminated.

In accordance with embodiments of the present disclosure, an apparatus may
include a control circuit for controlling delivery of energy from an input of a lamp
assembly to a load of the lamp assembly. The control circuit may be configured to
determine from an input signal on the input of the lamp assembly a control setting of a
dimmer electrically coupled to the input, transfer a first amount of energy from the input
to the load to cause the load to generate light external to the lamp assembly in accordance
with the control setting, wherein the control setting indicates a user-desired amount of
energy to be transferred to the load, and transfer a second amount of energy from the
input to a second load to cause the second load to dissipate the second amount of energy
external to the lamp assembly, wherein the second amount of energy comprises energy
present in the input signal other than the first amount of energy.

In accordance with these and other embodiments of the present disclosure, an
apparatus may include a control circuit for controlling delivery of energy from an input of
a lamp assembly to a load of the lamp assembly. The control circuit may be configured to
determine from an input signal on the input of the lamp assembly a control setting of a
dimmer electrically coupled to the input, transfer a first amount of energy from the input
to the load to cause the load to generate light external to the lamp assembly in accordance
with the control setting, wherein the control setting indicates a user-desired amount of
energy to be transferred to the load, and transfer a second amount of energy from the
input to a voltage regulator within the lamp assembly, wherein the voltage regulator is
configured to supply electrical energy to a device present in the lamp assembly and the
second amount of energy comprises energy present in the input signal other than the first

amount of energy.
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In accordance with these and other embodiments of the present disclosure, a
method for controlling delivery of energy from an input of a lamp assembly to a load of
the lamp assembly may comprise determining from an input signal on the input of the
lamp assembly a control setting of a dimmer electrically coupled to the input, transferring
a first amount of energy from the input to the load to cause the load to generate light
external to the lamp assembly in accordance with the control setting, wherein the control
setting indicates a user-desired amount of energy to be transferred to the load, and
transferring a second amount of energy from the input to a second load to cause the
second load to dissipate the second amount of energy external to the lamp assembly,
wherein the second amount of energy comprises energy present in the input signal other
than the first amount of energy.

In accordance with these and other embodiments of the present disclosure, a
method for controlling delivery of energy from an input of a lamp assembly to a load of
the lamp assembly may comprise determining from an input signal on the input of the
lamp assembly a control setting of a dimmer electrically coupled to the input, transferring
a first amount of energy from the input to the load to cause the load to generate light
external to the lamp assembly in accordance with the control setting, wherein the control
setting indicates a user-desired amount of energy to be transferred to the load, and
transferring a second amount of energy from the input to a voltage regulator within the
lamp assembly, wherein the voltage regulator is configured to supply electrical energy to
a device present in the lamp assembly and the second amount of energy comprises energy
present in the input signal other than the first amount of energy.

Technical advantages of the present disclosure may be readily apparent to one of
ordinary skill in the art from the figures, description and claims included herein. The
objects and advantages of the embodiments will be realized and achieved at least by the
elements, features, and combinations particularly pointed out in the claims.

It is to be understood that both the foregoing general description and the following
detailed description are examples and explanatory and are not restrictive of the claims set

forth in this disclosure.
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BRIFF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present embodiments and advantages
thereof may be acquired by referring to the following description taken in conjunction
with the accompanying drawings, in which like reference numbers indicate like features,
and wherein:

FIGURE 1 illustrates a lighting system that includes a triac-based leading-edge
dimmer, as is known in the art;

FIGURE 2 illustrates example voltage and current graphs associated with the
lighting system depicted in FIGURE 1, as is known in the art;

FIGURE 3 illustrates a lighting system that includes a phase-cut trailing-edge
dimmer, as is known in the art;

FIGURE 4 illustrates example voltage and current graphs associated with the
lighting system depicted in FIGURE 3, as is known in the art;

FIGURE 5 illustrates a lighting system including circuitry to dissipating reactive
energy of the lighting system, as is known in the art;

FIGURE 6 illustrates another lighting system including circuitry to dissipating
reactive energy of the lighting system, as is known in the art;

FIGURE 7 illustrates an example lighting system including control circuitry for
providing compatibility between a low-power lamp and other elements of a lighting
system, in accordance with embodiments of the present disclosure;

FIGURE 8A illustrates an example lamp assembly having control circuitry with a
buck-boost converter for controlling a secondary lamp, in accordance with embodiments
of the present disclosure;

FIGURE 8B illustrates an example lamp assembly having control circuitry with a
buck-boost converter for controlling a secondary lamp as in FIGURE 8A with an
alternative embodiment of a buck-boost converter to that of FIGURE 8A, in accordance
with embodiments of the present disclosure;

FIGURE 9 illustrates an example lamp assembly having control circuitry with an
autonomous blocking oscillator for controlling a secondary lamp, in accordance with

embodiments of the present disclosure;
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FIGURE 10A illustrates an example lamp assembly having control circuitry
which steers energy from an electromagnetic interference filter to a secondary lamp, in
accordance with embodiments of the present disclosure;

FIGURE 10B illustrates another example lamp assembly having control circuitry
which steers energy from an electromagnetic interference filter to a secondary lamp, in
accordance with embodiments of the present disclosure;

FIGURE 11 illustrates an example lamp assembly having control circuitry which
steers energy from an inductor of a power converter to a secondary lamp, in accordance
with embodiments of the present disclosure;

FIGURE 12 illustrates an example lamp assembly having control circuitry similar
to that of control circuitry of FIGURE 11, but including delivery of energy to a voltage
regulator, in accordance with embodiments of the present disclosure;

FIGURE 13 illustrates an example lamp assembly having control circuitry which
steers energy from an inductor of a power converter to a secondary lamp using the
flyback stroke of the inductor, in accordance with embodiments of the present disclosure;

FIGURE 14 illustrates an example lamp assembly having control circuitry which
steers energy from an inductor of a power converter to a secondary lamp using the
forward stroke of the inductor, in accordance with embodiments of the present disclosure;

FIGURE 15 illustrates an example lamp assembly having control circuitry with a
buck-boost converter for controlling a secondary lamp, wherein the buck-boost converter
leverages an inductor of an electromagnetic interference filter, in accordance with
embodiments of the present disclosure;

FIGURE 16A illustrates an example lamp assembly having control circuitry with
a buck-boost converter for controlling a secondary lamp using a flyback topology,
wherein the buck-boost converter leverages an inductor of an electromagnetic
interference filter, in accordance with embodiments of the present disclosure; and

FIGURE 16B illustrates another example lamp assembly having control circuitry
with a buck-boost converter for controlling a secondary lamp using a flyback topology,
wherein the buck-boost converter leverages an inductor of an electromagnetic

interference filter, in accordance with embodiments of the present disclosure; and
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FIGURE 17 illustrates another example lighting system including control circuitry
for providing compatibility between a low-power lamp and other elements of a lighting

system, in accordance with embodiments of the present disclosure.

DETAILED DESCRIPTION

FIGURE 7 illustrates an example lighting system 700 including control circuitry
712 for providing compatibility between a low-power lamp 742 and other elements of
lighting system 700, in accordance with embodiments of the present disclosure. As
shown in FIGURE 7, lightning system 700 may include a voltage supply 704, a dimmer
702, and a lamp assembly 732. Voltage supply 704 may generate a supply voltage
Vsuppry that is, for example, a nominally 60 Hz/110 V line voltage in the United States of
America or a nominally 50 Hz/220 V line voltage in Furope.

Dimmer 702 may comprise any system, device, or apparatus for generating a
dimming signal ve ppv to other elements of lighting system 700, the dimming signal
representing a dimming level that causes lighting system 700 to adjust power delivered to
a lamp, and, thus, depending on the dimming level, increase or decrease the brightness of
lamp 742. 'Thus, dimmer 702 may include a leading-edge dimmer similar or identical to
that depicted in FIGURE 1, a trailing-edge dimmer similar to that depicted in FIGURE 3,
or any other suitable dimmer.

Lamp assembly 732 may include any system, device, or apparatus for converting
all or a portion of electrical energy received at its input to photonic energy by lamp 742.
In addition, lamp assembly 732 may include circuitry for providing compatibility between
dimmer 702 and lamp 742. In some embodiments, lamp assembly 732 may comprise a
multifaceted reflector form factor (e.g., an MR16 form factor). As shown in FIGURE 7,
lamp assembly 732 may include a rectifier 734, an electromagnetic interference (EMI)
filter 736, a power converter 722, a main lamp 742, a secondary lamp 752, and control
circuitry 712.

Rectifier 734 may comprise any suitable electrical or electronic device as is
known in the art for converting the whole of alternating current voltage dimming signal

vo pv 1nto a rectified voltage signal vrpe having only one polarity.
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EMI filter 736 may comprise any suitable electrical or electronic device as is
known in the art for filtering or rejecting electromagnetic interference that may impinge
upon lamp assembly 732 and be present in rectified voltage signal vrec, thus generating a
filtered rectified voltage Vrpc r.

Power converter 722 may comprise any system, device, or apparatus configured to
convert an input voltage (e.g., vrec F) to a different output voltage (e.g., vour) wherein
the conversion is based on a control signal (e.g., a pulse-width modulated control signal
communicated from control circuitry 712). Accordingly, power converter 722 may
comprise a boost converter, a buck converter, a boost-buck converter, another suitable
power converter, or any combination thereof.

Main lamp 742 may comprise any system, device, or apparatus for converting
electrical energy (e.g., power converter 722) into photonic energy. In some
embodiments, main lamp 742 may comprise an LED lamp.

Similarly, secondary lamp 752 may comprise any system, device, or apparatus for
converting electrical energy (e.g., delivered by dimmer 702) into photonic energy. In
some embodiments, secondary lamp 752 may comprise an LED lamp. In some
embodiments, secondary lamp 752 may be of significantly less power efficacy (e.g.,
having at least two times less power efficacy) than main lamp 742. In these and other
embodiments, main lamp 742 may be adapted to generate predominantly white light,
while secondary lamp 752 may be adapted to generate amber light in the wavelength
range of approximately 670 nanometers to approximately 710 nanometers.

Control circuitry 712 may comprise any system, device, or apparatus configured
to, as described in greater detail elsewhere in this disclosure determine from an input
signal (e.g., dimming signal v¢ pmv, Or a derivative thereof such as rectified voltage signal
vrec or filtered rectified voltage signal vrec p) on the input of the lamp assembly a control
setting (e.g., phase angle) of dimmer 702. Such control setting may indicate a user-
desired amount of energy to be transferred to main lamp 742. Control circuitry 712 may
also be configured to transfer a first amount of energy from the input to main lamp 742 to
cause main lamp 742 to generate light external to lamp assembly 732 in accordance with
the control setting. Control circuitry 712 may further be configured to transfer a second

amount of energy from the input to secondary lamp 752 to cause the second load to
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dissipate the second amount of energy external to lamp assembly 732, wherein the second
amount of energy comprises energy present in the input signal other than the first amount
of energy. The second amount of energy transferred to secondary lamp 752 may
comprise reactive energy associated with dimmer 702 (e.g., reactive energy incident to
ensuring compatibility between dimmer 702 and lamp 742), reactive energy associated
with EMI filter 736, and/or other reactive energy present in lighting system 700.

By steering reactive energy to secondary lamp 752, lighting system 700 may have
numerous advantages as compared to traditional dimmer compatibility approaches. For
example, because energy is output by secondary lamp 752 externally to lamp assembly
732, instead of being dissipated internally as is the case with many prior art approaches,
challenges in providing for thermal management and cooling of lamp assembly 732 may
be reduced or eliminated.

As another example, lamp assembly 732 may be configured such that secondary
lamp 752 does not generate light unless lamp assembly 732 is coupled to a dimmer. Thus
specifications for a lamp assembly may not require alteration simply by addition of
secondary lamp 752.

As a further example, the methods and systems herein described may increase the
effective dimming range relative to traditional approaches. In embodiments in which the
efficacy of secondary lamp 752 is chosen to be significantly lower than that of main lamp
742, the effective light output of secondary lamp 752 may increase the effective dimming
range as compared to approaches in which reactive energy is directed to the main load
such as shown in FIGURE 6.

As yet another example, the methods and systems herein described may not
attempt to mix color to attain any specific targets of light intensity versus control setting.
Instead, as the phase angle is decreased, the power to main lamp 742 reduces
proportionally, but reactive energy in lighting system 700 may not reduce. However,
because the reactive energy is directed to secondary lamp 752 having, in some
embodiments, a lower color temperature than main lamp 742, light output by lamp
assembly 732 may attain an aesthetically-pleasing warmer color at lower dimmer phase

angles.
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As an additional example, the methods and systems herein described may be of
relatively lower cost and/or take up less physical volume as compared to traditional
approaches. In traditional approaches, dissipative elements used to dissipate reactive
energy are typically bulky, and require a significant amount of space.

Control circuitry 712 may be implemented in any suitable manner in order to
carry out the functionality of control circuitry described in this disclosure. Example
implementations of control circuitry are set forth in FIGURES 8-16 and described below.

FIGURE 8A illustrates an example lamp assembly 732A having control circuitry
712A with a buck-boost converter 802A for controlling secondary lamp 752, in
accordance with embodiments of the present disclosure. In this implementation, a pulse-
width-modulation (PWM) control 804 may activate and deactivate switch 806 so as to
charge inductor 808 when switch 806 is active and discharge inductor 808 to secondary
lamp 752 when switch 806 is inactive. Control circuitry 712A may engage buck-boost
converter 802A when it determines reactive energy of lighting system 700 is present to be
directed to secondary lamp 752. FIGURE 8B illustrates an alternative implementation of
the implementation in FIGURE 8A, in which buck-boost converter 802B has a different
topology. In this implementation, a pulse-width-modulation (PWM) control 804 may
activate and deactivate switch 806. When switch 806 is activated, current flows through
winding 812 of two winding inductor 810, thus storing charge in winding 814. When
switch 806 is deactivated, winding 814 may be discharged to secondary lamp 752 via
bridge rectifier 816.

FIGURE 9 illustrates an example lamp assembly 732B having control circuitry
712B implementing an autonomous blocking oscillator for controlling secondary lamp
752, in accordance with embodiments of the present disclosure. In operation, when the
blocking oscillator is enabled via the signal ENABLE, current may flow through resistor
902 to bias transistor 904 on. This may in turn cause current to flow through winding 908
of inductor 906, and may also cause current through winding 910 of two-winding
inductor 906, which may forward bias diode 912 allowing capacitor 914 to dump charge
to the base of transistor 904. The current through winding 908 of inductor 906 may be
dominated by its inductance and may rise until a voltage on resistor 916 limits the drive

capability of winding 910 of inductor 906. At this point, transistor 904 may limit current
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flowing through winding 908 of inductor 906, and winding 908 of inductor 906 may
respond to the change in current with a voltage. Winding 910 of inductor 906 may follow
suit, and provide a current path from the base of transistor 904 though resistor 918. The
reversal of voltage across winding 908 of inductor 906 due to the abrupt reduction in
current may forward bias diode 920, passing current into secondary lamp 752. When the
energy stored in inductor 906 is exhausted into current into secondary lamp 752, windings
of inductor 906 may begin to oscillate, causing transistor 904 to again conduct. At this
point, the current through winding 908 of inductor 906 may increase, starting a new
switching cycle for the autonomous blocking oscillator.

FIGURE 10A illustrates an example lamp assembly 732C having control circuitry
712C which steers energy from EMI filter 736 to secondary lamp 752, in accordance with
embodiments of the present disclosure. In this embodiment, inductor 1002 may comprise
a two-winding inductor having windings 1004 and 1006. In a trailing-edge dimmer, the
dimmer firing and trailing-edge discharge may cause a large rate of change in current
through winding 1004 of inductor 1002. This large charge in turn may induce a voltage
on winding 1006 of inductor 1002, thus directing energy to secondary lamp 752.
FIGURE 10B illustrates an alternative implementation of control circuitry 712C in which
a bridge rectifier 1010 is coupled between winding 1006 and secondary lamp 752, rather
than a single-diode rectifier, as shown in FIGURE 10A. In some alternate embodiments,
control circuitry 712C may, instead of being implemented as shown in FIGURES 10A
and 10B, include circuitry similar to that of control circuitry 712B which implements a
blocking oscillator.

FIGURE 11 illustrates an example lamp assembly 732D having control circuitry
712D which steers energy from a two-winding inductor 1102 of power converter 722 to
secondary lamp 752, in accordance with embodiments of the present disclosure. In this
implementation, when control circuitry 712D determines that energy is to be transferred
to secondary lamp 752, control circuitry may enable switch 1108. When switch 1110 is
enabled, winding 1104 of inductor 1102 may be charged. When switch 1110 is disabled,
energy in inductor 1102 may be split between windings 1104 and 1106 based on a ratio of

reflected voltage between the windings.
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FIGURE 12 illustrates an example lamp assembly 732E having control circuitry
712E similar to that of control circuitry 712D of FIGURE 11, wherein the energy from
winding 1106 of inductor 1102 is also delivered to a voltage regulator 1202. Such
voltage regulator 1202 may be used to generate a bias voltage within lamp assembly
732E.

FIGURE 13 illustrates an example lamp assembly 732F having control circuitry
712F which steers energy from inductor 1302 of power converter 722 to secondary lamp
752 using the flyback stroke of inductor 1302, in accordance with embodiments of the
present disclosure. In this implementation, a forward stroke of inductor 1302 may be
used to generate a bias voltage in winding 1306 of inductor 1302 and the flyback stroke
may deliver power to secondary lamp 752 from winding 1306 if switch 1308 is enabled.
When switch 1310 is enabled, windings 1304 and 1306 of inductor 1302 may be charged.
When switch 1310 is disabled, winding 1304 may discharge to main lamp 742 and
winding 1306 may discharge to secondary lamp 752 when switch 1308 is enabled while
switch 1310 is disabled. In addition, when switch 1310 is disabled, winding 1306 may
discharge to voltage regulator 1312, in order to regenerate a voltage within lamp
assembly 732F. Such voltage regeneration using an auxiliary winding similar to winding
1306 is often common in existing lamp assemblies, and thus leveraging such auxiliary
winding 1306 to provide energy to secondary lamp 752 may reduce cost and complexity
of a design.

FIGURE 14 illustrates an example lamp assembly 732G having control circuitry
712G which steers energy from inductor 1402 of power converter 722 to secondary lamp
752 using the forward stroke of inductor 1402, in accordance with embodiments of the
present disclosure. In this implementation, a flyback stroke of inductor 1402 may be used
to generate a bias voltage in winding 1406 of inductor 1402 and the forward stroke may
deliver power to secondary lamp 752 from winding 1406 if switch 1408 is enabled.
When switch 1410 is enabled, windings 1404 and 1406 of inductor 1402 may be charged,
and winding 1406 may discharge to secondary lamp 752 when switch 1408 is enabled.
When switch 1410 is disabled, winding 1404 may discharge to main lamp 742. In
addition, when switch 1410 is disabled, winding 1406 may discharge to voltage regulator

1412, in order to regenerate a voltage within lamp assembly 732G. Again, as in FIGURE
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13, such voltage regeneration using an auxiliary winding similar to winding 1406 is often
common in existing lamp assemblies, and thus leveraging such auxiliary winding 1406 to
provide energy to secondary lamp 752 may reduce cost and complexity of a design.

FIGURE 15 illustrates an example lamp assembly 732H having control circuitry
712H that leverages an inductor 1502 of EMI filter 736 in order to implement a buck-
boost converter for controlling secondary lamp 752, in accordance with embodiments of
the present disclosure. In operation, when switch 1504 is enabled, inductor 1502 may be
charged. When switch 1504 is disabled, inductor 1502 delivers energy to secondary lamp
752. The buck-boost converter formed by inductor 1502 and control circuitry 712H may
become active only when reactive dimmer energy, dimmer attach energy, or other energy
needs to be handled, which will occur when rectified voltage vrpe exceeds filtered
rectified voltage Vrec r-

FIGURE 16A illustrates an example lamp assembly 7321 having control circuitry
7121 that leverages an inductor 1602 of EMI filter 736 in order to implement a buck-boost
converter for controlling secondary lamp 752, in accordance with embodiments of the
present disclosure. Example lamp assembly 7321 is identical to that of lamp assembly
732H, except that lamp assembly 732I utilizes a flyback topology. When the PWM
signal is active (e.g., high), energy is stored in inductor 1602. When the PWM signal is
inactive (e.g., low), the inductor discharges energy to secondary load 752. FIGURE 16B
illustrates an alternative implementation of control circuitry 7121 in which a bridge
rectifier 1610 is coupled between a winding of two-winding inductor 1602 and secondary
lamp 752, rather than a single-diode rectifier, as shown in FIGURE 16A.

FIGURE 17 illustrates an example lighting system 1700 including control
circuitry 712 for providing compatibility between a low-power lamp 742 and other
elements of lighting system 1700, in accordance with embodiments of the present
disclosure. FIGURE 17 is identical to FIGURE 7, except that secondary lamp 752 is
replaced with voltage regulator 1752, and a radio transceiver 1754 is added to lighting
system 1700. In some embodiments, reactive energy of dimmer 702, EMI filter 736,
and/or other components of lighting system 1700 may be delivered to voltage regulator
1752, in addition or in lieu of a secondary lamp 752. In such embodiments, voltage

regulator 1752 may be configured to supply electrical energy to a device present in lamp
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assembly 732. In some of such embodiments, such device to which such electrical energy
is supplied may include a radio transceiver for communicating signals to and/or from
lamp assembly 732.

As used herein, when two or more elements are referred to as “coupled” to one
another, such term indicates that such two or more elements are in electronic
communication whether connected indirectly or directly, with or without intervening
elements.

This disclosure encompasses all changes, substitutions, variations, alterations, and
modifications to the example embodiments herein that a person having ordinary skill in
the art would comprehend. Similarly, where appropriate, the appended claims encompass
all changes, substitutions, variations, alterations, and modifications to the example
embodiments herein that a person having ordinary skill in the art would comprehend.
Moreover, reference in the appended claims to an apparatus or system or a component of
an apparatus or system being adapted to, arranged to, capable of, configured to, enabled
to, operable to, or operative to perform a particular function encompasses that apparatus,
system, or component, whether or not it or that particular function is activated, turned on,
or unlocked, as long as that apparatus, system, or component is so adapted, arranged,
capable, configured, enabled, operable, or operative.

All examples and conditional language recited herein are intended for pedagogical
objects to aid the reader in understanding the disclosure and the concepts contributed by
the inventor to furthering the art, and are construed as being without limitation to such
specifically recited examples and conditions. Although embodiments of the present
disclosure have been described in detail, it should be understood that various changes,
substitutions, and alterations could be made hereto without departing from the spirit and

scope of the disclosure.
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WHAT IS CLAIMED IS:

1. An apparatus comprising:
a control circuit for controlling delivery of energy from an input of a lamp
assembly to a load of the lamp assembly, wherein the control circuit is configured to:

determine from an input signal on the input of the lamp assembly a control
setting of a dimmer electrically coupled to the input;

transfer a first amount of energy from the input to the load to cause the
load to generate light external to the lamp assembly in accordance with the control
setting, wherein the control setting indicates a user-desired amount of energy to be
transferred to the load; and

transfer a second amount of energy from the input to a second load to
cause the second load to dissipate the second amount of energy external to the
lamp assembly, wherein the second amount of energy comprises energy present in

the input signal other than the first amount of energy.

2. The apparatus of Claim 1, wherein the second load comprises a lamp
configured to generate visible light at a wavelength between approximately 570 nm and

approximately 610 nm.

3. The apparatus of Claim 2, wherein the lamp comprises a light-emitting

diode.

4. The apparatus of Claim 2, wherein the first load comprises another lamp

configured to generate white light.

5. The apparatus of Claim 4, wherein the first load has a power efficacy

substantially higher than a power efficacy of the second load.

6. The apparatus of Claim 1, wherein the second amount of energy comprises

reactive energy associated with the dimmer.



10

15

20

25

30

WO 2016/010671 PCT/US2015/036371

20

7. The apparatus of Claim 1, wherein the second amount of energy comprises
reactive energy associated with an electromagnetic interference filter integral to the lamp

assembly.

8. An apparatus comprising:
a control circuit for controlling delivery of energy from an input of a lamp
assembly to a load of the lamp assembly, wherein the control circuit is configured to:

determine from an input signal on the input of the lamp assembly a control
setting of a dimmer electrically coupled to the input;

transfer a first amount of energy from the input to the load to cause the
load to generate light external to the lamp assembly in accordance with the control
setting, wherein the control setting indicates a user-desired amount of energy to be
transferred to the load; and

transfer a second amount of energy from the input to a voltage regulator
within the lamp assembly, wherein the voltage regulator is configured to supply
electrical energy to a device present in the lamp assembly and the second amount
of energy comprises energy present in the input signal other than the first amount

of energy.

0. The apparatus of Claim 8, wherein the device present in the lamp assembly

comprises a radio transceiver.

10. The apparatus of Claim 9, wherein the first load comprises a lamp.

11. A method for controlling delivery of energy from an input of a lamp
assembly to a load of the lamp assembly, comprising:

determining from an input signal on the input of the lamp assembly a control
setting of a dimmer electrically coupled to the input;

transferring a first amount of energy from the input to the load to cause the load to

generate light external to the lamp assembly in accordance with the control setting,
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wherein the control setting indicates a user-desired amount of energy to be transferred to
the load; and

transferring a second amount of energy from the input to a second load to cause
the second load to dissipate the second amount of energy external to the control circuit,
wherein the second amount of energy comprises energy present in the input signal other

than the first amount of energy.

12. The method of Claim 11, wherein the second load comprises a lamp
configured to generate visible light at a wavelength between approximately 570 nm and

approximately 610 nm.

13. The method of Claim 12, wherein the lamp comprises a light-emitting

diode.

14. The method of Claim 12, wherein the first load comprises another lamp

configured to generate white light.

15. The method of Claim 14, wherein the first load has a power efficacy

substantially higher than a power efficacy of the second load.

16. The method of Claim 11, wherein the second amount of energy comprises

reactive energy associated with the dimmer.

17. The method of Claim 11, wherein the second amount of energy comprises
reactive energy associated with an electromagnetic interference filter integral to the lamp

assembly.
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18. A method for controlling delivery of energy from an input of a lamp
assembly to a load of the lamp assembly, comprising:

determining from an input signal on the input of the lamp assembly a control
setting of a dimmer electrically coupled to the input;

5 transferring a first amount of energy from the input to the load to cause the load to
generate light external to the lamp assembly in accordance with the control setting,
wherein the control setting indicates a user-desired amount of energy to be transferred to
the load; and

transferring a second amount of energy from the input to a voltage regulator
10  within the lamp assembly, wherein the voltage regulator is configured to supply electrical
energy to a device present in the lamp assembly and the second amount of energy

comprises energy present in the input signal other than the first amount of energy.

19. The method of Claim 18, wherein the device present in the lamp assembly

15  comprises a radio transceiver.

20. The method of Claim 19, wherein the first load comprises a lamp.
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AMENDED CLAIMS
received by the International Bureau on 19 October 2015 (19.10.2015)

1. An apparatus comprising:
a control circuit for controlling delivery of energy from an input of a lamp
assembly to a load of the lamp assembly, wherein the control circuit is configured to:

determine from an input signal on the input of the lamp assembly a control
setting of a dimmer electrically coupled to the input;

transfer a first amount of energy from the input to the load to cause the
load to generate light external to the lamp assembly in accordance with the control
setting, wherein the control setting indicates a user-desired amount of energy to be
transferred to the load; and

transfer a second amount of energy from the input to a second load to
cause the second load to dissipate the second amount of energy external to the
lamp assembly, wherein the second amount of energy comprises reactive energy

steered from electromagnetic interference filter integral to the lamp assembly.
2. The apparatus of Claim 1, wherein the second load comprises a lamp
configured to generate visible light at a wavelength between approximately 570 nm and

approximately 610 nm.

3. The apparatus of Claim 2, wherein the lamp comprises a light-emitting

diode.

4. The apparatus of Claim 2, wherein the first load comprises another lamp

configured to generate white light.

5. The apparatus of Claim 4, wherein the first load has a power efficacy

substantially higher than a power efficacy of the second load.

6. The apparatus of Claim 1, wherein the second amount of energy comprises

reactive energy incident to ensuring compatibility between the dimmer and the lamp.

AMENDED SHEET (ARTICLE 19)
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8. An apparatus comprising:
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a control circuit for controlling delivery of energy from an input of a lamp
assembly to a load of the lamp assembly, wherein the control circuit is configured to:

determine from an input signal on the input of the lamp assembly a control
setting of a dimmer electrically coupled to the input;

transfer a first amount of energy from the input to the load to cause the
load to generate light external to the lamp assembly in accordance with the control
setting, wherein the control setting indicates a user-desired amount of energy to be
transferred to the load; and

transfer a second amount of energy from the input to a voltage regulator
within the lamp assembly, wherein the voltage regulator is configured to supply
clectrical energy to a device present in the lamp assembly and the second amount

of energy comprises reactive energy associated with the dimmer.

9. The apparatus of Claim 8, wherein the device present in the lamp assembly

comprises a radio transceiver.

10. The apparatus of Claim 9, wherein the first load comprises a lamp.

11. A method for controlling delivery of energy from an input of a lamp
assembly to a load of the lamp assembly, comprising:

determining from an input signal on the input of the lamp assembly a control
setting of a dimmer electrically coupled to the input;

transferring a first amount of energy from the input to the load to cause the load to
generate light external to the lamp assembly in accordance with the control setting,
wherein the control setting indicates a user-desired amount of energy to be transferred to
the load; and

transferring a second amount of energy from the input to a second load to cause

the second load to dissipate the second amount of energy external to the control circuit,

AMENDED SHEET (ARTICLE 19)
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wherein the second amount of energy comprises reactive energy steered from an

clectromagnetic interference filter integral to the lamp assembly.

12.-17. (Cancelled)

18. A method for controlling delivery of energy from an input of a lamp
assembly to a load of the lamp assembly, comprising:

determining from an input signal on the input of the lamp assembly a control
setting of a dimmer electrically coupled to the input;

transferring a first amount of energy from the input to the load to cause the load to
generate light external to the lamp assembly in accordance with the control setting,
wherein the control setting indicates a user-desired amount of energy to be transferred to
the load; and

transferring a second amount of energy from the input to a voltage regulator
within the lamp assembly, wherein the voltage regulator is configured to supply electrical
energy to a device present in the lamp assembly and the second amount of energy

comprises reactive energy associated with the dimmer.

19.-20. (Cancelled)

AMENDED SHEET (ARTICLE 19)
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Re Item V

Assignee asserts that Claims 1 and 11 as amended overcome the cited references, as
neither U.S Pat. Appl. No. 2012/0268020 to Newman et al. (“D1”") nor U.S Pat. Appl. No.
2013/0038242 to Athayle (“D2”) teach, whether alone or combined, a “second amount of
energy compriseling] reactive energy steered from electromagnetic interference filter
integral to the lamp assembly” as recited in Claims 1 and 11. Assignee also submits that
Claims 2-6 are novel and possess inventive step due to their dependence from Claim 1 and
Claims 12-16 are novel and possess inventive step due to their dependence from Claim 11.

Assignee asserts that Claims 8 and 18 as amended overcome the cited references, as
none of the references teach, whether alone or combined, an apparatus configured to
“transfer a second amount of energy from the input to a voltage regulator within the lamp
assembly, wherein the voltage regulator is configured to supply electrical energy to a device
present in the lamp assembly and the second amount of energy comprises reactive energy
associated with the dimmer” as recited in Claim 8 and as similarly recited in Claim 18.
Assignee also submits that Claims 9 and 10 are novel and possess inventive step due to
their dependence from Claim 8 and Claims 19 and 20 are novel and possess inventive step

due to their dependence from Claim 18.

Re Item VIIT

Assignee asserts that despite the Authority’s assertion to the contrary, the
description and drawings do indeed depict “a second load to dissipate the second amount of
energy external to the lamp assembly” as recited in Claim 1. The various FIGURES 7-16B,

and their associated description clearly show and describe a secondary lamp externally

STATEMENT UNDER ARTICLE 19 (1)
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facing in a lamp assembly such that the secondary lamp would dissipate energy external to
a lamp assembly.

Assignee also asserts that Claims 1 and 11 are indeed clear. The control circuit as
recited in Claim 1 is one capable of transferring energy as recited in the claims, and thus
must have the necessary technical features to carry our such functionality, as such technical
features are disclosed in detail throughout the specification.

As for the Authority’s assertion that that the term “associated with” as used in Claim

6 is unclear, Assignee has amended Claim 6 to overcome this objection.

STATEMENT UNDER ARTICLE 19 (1)
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