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1
SHUNT DEVICE IN LIGHTING CONTROL
SYSTEM WITHOUT NEUTRAL WIRE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO PRIOR
APPLICATIONS

This application is the U.S. National Phase application
under 35 U.S.C. § 371 of International Application No.
PCT/IB13/051866, filed on Mar. 08, 2013, which claims the
benefit of U.S. Provisional Patent Application No. 61/611,
237, filed on Mar. 15, 2012. These applications are hereby
incorporated by reference herein.

TECHNICAL FIELD

The present invention is directed generally to a lighting
control system which does not employ a neutral wire, and,
more particularly, to such a lighting control system which
employs a shunt device to provide power flow to the control
when the load is turned off.

BACKGROUND

In many conventional lighting arrangements, a mechani-
cal wall switch is used to turn ON or OFF a lighting unit by
means of making or breaking an electrical connection
between a load that includes the lighting unit, and a “hot”
wire carrying power from the AC mains power source.
Accordingly, the mechanical wall switch does not need a
connection to the neutral wire from AC mains in order to
turn ON and OFF the lighting unit, but instead only has an
input terminal for being connected to the “hot” wire carrying
power from the AC mains power source, and output terminal
for supplying this power to the load when the switch turns
ON the lighting unit (for safety reasons, the mechanical wall
switch may also have a ground wire which does not supply
any power to the wall switch or the load and which is
connected to earth ground). As a result, in many existing
buildings, the neutral wire from the AC mains power source
is not provided to the junction box or other location where
the mechanical wall switch is provided, but instead only the
“hot” wire, and a wire to the load, are provided to this
location (again, for safety reasons, a ground wire which does
not supply any power to the wall switch or the load may also
be provided and connected to earth ground).

Here it is understood that the load may include one or
more lighting units, each of which may include a lighting
driver and one or more light sources, such as an incandes-
cent lamp, a fluorescent lamp (such as a compact fluorescent
bulb), one or more light emitting diodes (LEDs). The load
also may or may not include a ballast.

As energy saving requirements become more stringent
together with the need for intelligent lighting systems, more
and more electronic controllers which employ electronic
switching and dimming capabilities are deployed in place of
simple mechanical wall switches in residential and commer-
cial installations. The operation of such an electronic con-
troller is similar to that of a mechanical wall switch, but due
to the electronic circuit inside the lighting controller the
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electronic controller may execute additional functions such
as switching on or off a relay, dimming, wireless commu-
nications, etc. So, unlike a simple mechanical wall switch,
the electronic lighting controller requires some energy for
proper operation.

However, if the electronic controller is connected in place
of a mechanical wall switch in front of the load, the
maximum available power for the electronic controller is
determined by the leakage current and the characteristics of
the load, which is in series with the electronic controller. In
some cases, for example those involving a dimming ballast
whose leakage current is very limited, there is not a sufficient
leakage current passing through the electronic controller
when the load is turned OFF to keep the electronic switch
operating properly. As a result, the lighting system may not
operate properly.

FIG. 1 is a wiring diagram for a conventional lighting
control system 100 which illustrates the issue. Lighting
control system 100 includes a load 120 and an electronic
controller 130.

Load 120 may include one or more lighting units and/or
a motor (e.g., for a room fan). The lighting unit(s) may
include lighting units each may include a lighting driver and
one or more light sources, such as an incandescent lamp, a
fluorescent lamp (such as a compact fluorescent bulb), one
or more light emitting diodes (LEDs), etc. Load 120 also
may or may not include a ballast. Load 120 has the first load
terminal and a second load terminal, and is configured to
receive a load voltage between the first and second load
terminals and is further configured to allow a load current to
flow between the first and second load terminals.

Electronic controller 130 has a single input terminal
connected via a wire (e.g., a black wire) to a first power
terminal 110 of an external power source 105 (e.g., AC
mains) which outputs an AC voltage between first power
terminal 110 and a second power terminal (e.g., a neutral
terminal) 112 thereof. Also shown is a ground wire (e.g., a
green wire) 112 which is connected to earth ground and
which does not supply any power to the electronic controller
130 or load 120. Electronic controller 130 also has a single
output terminal which is connected by a wire (e.g., a red
wire) to the first load terminal of load 120. The second load
terminal of load 120 is connected by a wire (e.g., a neutral
wire, which may be a white wire) to neutral terminal 112 of
external power source 105.

When electronic controller 130 is in an ON state so as to
power load 120, then load 120 can receive as its load voltage
100% of the input voltage supplied from external power
source 105. When electronic controller 130 is in an OFF
state so as to disable load 120, then the load voltage across
load 120 will be zero.

However, since electronic controller 130 is an electrical
device which requires power to operate, the situation can
become complicated. When electronic controller 130 is in
the ON state, if the load voltage across load 120 is 100% of
the input voltage supplied from external power source 105,
then the voltage across electronic controller 130 will be zero,
and it couldn’t remain in the ON state for long. Meanwhile,
when electronic controller 130 is in the OFF state, there will
be no load voltage across load 120 and no load current
flowing through load 120. However this means that there
will also be no current, or very little current, passing through
electronic controller 130, so it cannot maintain the OFF
state, either if it requires more energy.

To address these issues, some electronic controllers are
designed to modulate the time intervals when they are in the
ON and OFF states. When the electronic controller is in the
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ON state, it will switch to the OFF state for a little while,
(e.g., OFF for 2 ms during every 10 ms ON period), so that
during this interval the electronic controller can receive
100% of the input voltage supplied from external power
source 105 and thereby power itself. Meanwhile, when the
electronic controller is in OFF state, it maintains a small
leakage current flowing through the load, and with such
leakage current, the electronic controller can power itself as
well.

But along with the technology development and more and
more features like wireless communication required for
lighting control, the power consumption of an electronic
controller increases significantly, and the intrinsic leakage
current of the load itself is not sufficient to power the
electronic controller when it is in the OFF state.

FIG. 2 is a wiring diagram for another lighting control
system 200 which has been provided to try to address this
issue. Lighting control system 200 is identical to lighting
control system 100, except that lighting control system 200
includes an external capacitor 210 connected across the load
terminals of load 120. Whether electronic controller is in an
ON state or an OFF state, external capacitor 210 can provide
a leakage current path for electronic controller 130. The
bigger the capacitor, the more leakage current can be deliv-
ered to electronic controller 130 to support activities con-
suming much current and power (e.g., receiving a wireless
control signal).

However, if electronic controller 120 includes a TRIAC
based device, also known as leading edge dimmer, then
external capacitor 210 will cause catastrophic damage to
TRIAC in terms of huge inrush current every cycle. Addi-
tionally, external capacitor 210 will shift the phase of
voltage and current at the load side, making the phase
cutting of the dimming operation out of control.

Thus, it would be desirable to provide a lighting control
system which can supply a necessary leakage current to a
controller when the controller is in an OFF state and disables
a load whose power is supplied by the controller.

SUMMARY

The present disclosure is directed to inventive methods
and apparatus for supplying a necessary leakage current to
a controller when the controller is in an OFF state and
disables a load whose power is supplied by the controller.

Generally, in one aspect a system comprises: an electronic
controller and a shunt device. The electronic controller has
a single input terminal connected to a first power terminal of
an external power source which outputs an AC voltage
between the first power terminal and a second power ter-
minal thereof, and a single output terminal connected to a
first load terminal of a load which includes at least one light
source and which has the first load terminal and a second
load terminal, wherein the second load terminal is connected
to the second power terminal of the external power source,
and wherein the load is configured to receive a load voltage
between the first and second load terminals and is further
configured to allow a load current to flow between the first
and second load terminals, wherein the electronic controller
is configured to control at least one of the load voltage and
the load current so as to selectively power the load and
disable the load. The shunt device comprises: a bleeding
circuit; and a switching arrangement configured to selec-
tively connect the bleeding circuit between the output ter-
minal of the electronic controller and the second power
terminal of the external power source. When the electronic
controller is in an OFF state, the switching arrangement is
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configured to connect the bleeding circuit between the
output terminal of the electronic controller and the second
power terminal of the external power source to provide a
current path between the output terminal of the electronic
controller and the second power terminal of the external
power source. When the electronic controller is in an ON
state, the switching arrangement is configured to disconnect
the bleeding circuit between the output terminal of the
electronic controller and the second power terminal of the
external power source.

In one embodiment, the switching arrangement includes:
a switch in series with the bleeding circuit; and a voltage
measurement device connected between the first and second
load terminals and configured to measure the load voltage,
and to close the switch to connect the bleeding circuit
between the output terminal of the controller and the second
power terminal of the external power source to provide the
current path between the output terminal of the controller
and the second power terminal of the external power source
when the measured load voltage is less than a threshold
voltage while the controller is in the OFF state, and to
control the switch to open the switch to disconnect the
bleeding circuit between the output terminal of the elec-
tronic controller and the second power terminal of the
external power source when the measured load voltage
exceeds the threshold voltage while the controller is in the
ON state.

In another embodiment, the switching arrangement
includes: a switch in series with the bleeding circuit; and a
current measurement device configured to measure the load
current and to close the switch to connect the bleeding
circuit between the output terminal of the controller and the
second power terminal of the external power source to
provide the current path between the output terminal of the
controller and the second power terminal of the external
power source when the measured load current is less than a
threshold current, and to control the switch to open the
switch to disconnect the bleeding circuit between the output
terminal of the electronic controller and the second power
terminal of the external power source when the measured
load current exceeds the threshold current.

According to one optional feature of this embodiment, the
current measurement device is connected between the output
terminal of the electronic controller and the first load ter-
minal.

According to another optional feature of this embodiment,
the current measurement device is connected between the
second load terminal and the second power terminal of the
external power source.

According to another embodiment, the electronic control-
ler includes a dimming circuit for adjusting an amount of
power supplied to the load.

According to yet another embodiment, the electronic
controller includes a wireless receiver configured to receive
a wireless signal and in response thereto to control an
amount of power supplied to the load.

According to a still another embodiment, the second
power terminal of the external power source is directly
connected to the load.

According to a further embodiment, the second power
terminal of the external power source is connected to the
load via the switching arrangement.

According to a still further embodiment, the controller is
installed in a building at a location where a connection to the
second power terminal is not provided, and wherein the
shunt device is separated and spaced apart from the con-
troller by a distance of at least one foot.
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According to yet a further embodiment, when the elec-
tronic controller transitions from the OFF state to the ON
state, the switching arrangement is configured to disconnect
the bleeding circuit between the output terminal of the
electronic controller and the second power terminal of the
external power source after a delay of at least 100 msec.

Generally, in another aspect, a method is provided for
supplying power from an external power source which
outputs an AC voltage between a first power terminal and a
second power terminal thereof, to a load having first and
second load terminals, wherein the load is configured to
receive a load voltage between the first and second load
terminals and is further configured to allow a load current to
flow between the first and second load terminals, The
method comprises: for a controller which is configured to
control at least one of the load voltage and the load current
so as to selectively power the load and disable the load,
connecting a bleeding circuit between an output terminal of
the controller and the second power terminal of the external
power source when the controller is in an OFF state, the
bleeding circuit providing a current path between the output
terminal of the controller and the second power terminal of
the external power source; and disconnecting the bleeding
circuit between the output terminal of the controller and the
second power terminal of the external power source when
the controller is in an ON state.

In one embodiment, the method further comprises: mea-
suring the load voltage; comparing the measured load volt-
age to a threshold voltage; connecting the bleeding circuit
between the output terminal of the controller and the second
power terminal of the external power source when the
measured load voltage is less than the threshold voltage; and
disconnecting the bleeding circuit between the output ter-
minal of the electronic controller and the second power
terminal of the external power source when the measured
voltage exceeds the threshold voltage

According to another embodiment, the method further
comprises: measuring a current supplied to the load; com-
paring the measured load current to a threshold current;
connecting the bleeding circuit between the output terminal
of the controller and the second power terminal of the
external power source when the measured load current is
less than the threshold current; and disconnecting the bleed-
ing circuit between the output terminal of the electronic
controller and the second power terminal of the external
power source when the measured load current exceeds the
threshold current.

According to yet another embodiment, the controller is
installed in a building at a location where a connection to the
second power terminal is not provided, and wherein the
bleeding circuit is separated and spaced apart from the
controller by a distance of at least one foot.

According to a further embodiment, disconnecting the
bleeding circuit between the output terminal of the controller
and the second power terminal of the external power source
when the controller is in an ON state comprises disconnect-
ing the bleeding circuit between the output terminal of the
controller and the second power terminal of the external
power source when the controller after a delay of 100 msec,
when the controller transitions from the OFF state to the ON
state.

Generally, in yet another aspect, a device is configured to
be connected to an output terminal of a controller, which in
turn has a single input terminal connected to a first power
terminal of an external power source which external power
source outputs an AC voltage between the first power
terminal and a second power terminal thereof. The device
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comprises: a bleeding circuit; and a switching arrangement
configured to detect whether the controller powers a load or
disables the load. The switching arrangement is configured
to connect the bleeding circuit between the output terminal
of the controller and the second power terminal of the
external power source when the controller is in an OFF state
such that the bleeding circuit provides a current path
between the output terminal of the controller and the second
power terminal of the external power source. The switching
arrangement is further configured to disconnect the bleeding
circuit between the output terminal of the controller and the
second power terminal of the external power source when
the controller is in an ON state.

According to one embodiment, the switching arrangement
includes: a switch in series with the bleeding circuit; and a
voltage measurement device connected between first and
second load terminals and configured to measure the load
voltage, and to close the switch to connect the bleeding
circuit between the output terminal of the controller and the
second power terminal of the external power source to
provide a current path between the output terminal of the
controller and the second power terminal of the external
power source when the measured load voltage is less than a
threshold voltage, and to control the switch to open the
switch to disconnect the bleeding circuit between the output
terminal of the controller and the second power terminal of
the external power source when the measured load voltage
exceeds the threshold voltage.

According to another embodiment, the switching arrange-
ment includes: a switch in series with the bleeding circuit;
and a current measurement device connected configured to
measure the load current and to close the switch to connect
the bleeding circuit between the output terminal of the
controller and the second power terminal of the external
power source to provide a current path between the output
terminal of the controller and the second power terminal of
the external power source when the measured load current is
less than a threshold current, and to control the switch to
open the switch to disconnect the bleeding circuit between
the output terminal of the controller and the second power
terminal of the external power source when the measured
load current exceeds the threshold current.

According to yet another embodiment, the switching
arrangement is configured to connect the second power
terminal of the external power source to the load, the
bleeding circuit may include or consist of a resistor.

According to a further embodiment, the controller is
installed in a building at a location where a connect ion to
the second power terminal is not provided, and wherein the
shunt device is separated and spaced apart from the con-
troller by a distance of at least one foot.

According to yet a further embodiment, when the elec-
tronic controller transitions from the OFF state to the ON
state, the switching arrangement is configured to disconnect
the bleeding circuit between the output terminal of the
controller and the second power terminal of the external
power source after a delay of at least 100 msec.

As used herein for purposes of the present disclosure, the
term “LED” should be understood to include any electrolu-
minescent diode or other type of carrier injection/junction-
based system that is capable of generating radiation in
response to an electric signal. Thus, the term LED includes,
but is not limited to, various semiconductor-based structures
that emit light in response to current, light emitting poly-
mers, organic light emitting diodes (OLEDs), electrolumi-
nescent strips, and the like. In particular, the term LED refers
to light emitting diodes of all types (including semi-conduc-
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tor and organic light emitting diodes) that may be configured
to generate radiation in one or more of the infrared spectrum,
ultraviolet spectrum, and various portions of the visible
spectrum (generally including radiation wavelengths from
approximately 400 nanometers to approximately 700 nano-
meters). Some examples of LEDs include, but are not
limited to, various types of infrared LEDs, ultraviolet LEDs,
red LEDs, blue LEDs, green LEDs, yellow LEDs, amber
LEDs, orange LEDs, and white LEDs (discussed further
below). It also should be appreciated that LEDs may be
configured and/or controlled to generate radiation having
various bandwidths (e.g., full widths at half maximum, or
FWHM) for a given spectrum (e.g., narrow bandwidth,
broad bandwidth), and a variety of dominant wavelengths
within a given general color categorization.

For example, one implementation of an LED configured
to generate essentially white light (e.g., a white LED) may
include a number of dies which respectively emit different
spectra of electroluminescence that, in combination, mix to
form essentially white light. In another implementation, a
white light LED may be associated with a phosphor material
that converts electroluminescence having a first spectrum to
a different second spectrum. In one example of this imple-
mentation, electroluminescence having a relatively short
wavelength and narrow bandwidth spectrum “pumps” the
phosphor material, which in turn radiates longer wavelength
radiation having a somewhat broader spectrum.

It should also be understood that the term LED does not
limit the physical and/or electrical package type of an LED.
For example, as discussed above, an LED may refer to a
single light emitting device having multiple dies that are
configured to respectively emit different spectra of radiation
(e.g., that may or may not be individually controllable).
Also, an LED may be associated with a phosphor that is
considered as an integral part of the LED (e.g., some types
of white LEDs). In general, the term LED may refer to
packaged LEDs, non-packaged LEDs, surface mount LEDs,
chip-on-board LEDs, T-package mount LEDs, radial pack-
age LEDs, power package LEDs, LEDs including some type
of' encasement and/or optical element (e.g., a diffusing lens),
etc.

The term “light source” should be understood to refer to
any one or more of a variety of radiation sources, including,
but not limited to, LED-based sources (including one or
more LEDs as defined above), incandescent sources (e.g.,
filament lamps, halogen lamps), fluorescent sources, phos-
phorescent sources, high-intensity discharge sources (e.g.,
sodium vapor, mercury vapor, and metal halide lamps),
lasers, other types of electroluminescent sources, pyro-
luminescent sources (e.g., flames), candle-luminescent
sources (e.g., gas mantles, carbon arc radiation sources),
photo-luminescent sources (e.g., gaseous discharge
sources), cathode luminescent sources using electronic satia-
tion, galvano-luminescent sources, crystallo-luminescent
sources, kine-luminescent sources, thermo-luminescent
sources, triboluminescent sources, sonoluminescent sources,
radioluminescent sources, and luminescent polymers.

A “lighting driver” is used herein to refer to an apparatus
that supplies electrical power to one or more light sources in
a format to cause the light sources to emit light. In particular,
a lighting driver may receive electrical power in a first
format (e.g., AC mains power; a fixed DC voltage; etc.) and
supplies power in a second format that is tailored to the
requirements of the light source(s) (e.g., LED light source
(s)) that it drives.

The term “lighting module” is used herein to refer to a
module, which may include a circuit board (e.g., a printed
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circuit board) having one or more light sources mounted
thereon, as well as one or more associated electronic com-
ponents, such as sensors, current sources, etc., and which is
configured to be connected to a lighting driver. Such lighting
modules may be plugged into slots in a lighting fixture, or
a motherboard, on which the lighting driver may be pro-
vided. The term “LED module” is used herein to refer to a
module, which may include a circuit board (e.g., a printed
circuit board) having one or more LEDs mounted thereon, as
well as one or more associated electronic components, such
as sensors, current sources, etc., and which is configured to
be connected to a lighting driver. Such lighting modules may
be plugged into slots in a lighting fixture, or a motherboard,
on which the lighting driver may be provided.

The terms “lighting unit” is used herein to refer to an
apparatus including one or more light sources of same or
different types. A given lighting unit may have any one of a
variety of mounting arrangements for the light source(s),
enclosure/housing arrangements and shapes, and/or electri-
cal and mechanical connection configurations. Additionally,
a given lighting unit optionally may be associated with (e.g.,
include, be coupled to and/or packaged together with) vari-
ous other components (e.g., control circuitry; a lighting
driver) relating to the operation of the light source(s). An
“LED-based lighting unit” refers to a lighting unit that
includes one or more LED-based light sources as discussed
above, alone or in combination with other non LED-based
light sources.

The terms “lighting fixture” and “luminaire” are used
herein interchangeably to refer to an implementation or
arrangement of one or more lighting units in a particular
form factor, assembly, or package, and may be associated
with (e.g., include, be coupled to and/or packaged together
with) other components.

The term “controller” is used herein generally to describe
various apparatus relating to the operation of one or more
light sources. A controller can be implemented in numerous
ways (e.g., such as with dedicated hardware) to perform
various functions discussed herein. A “processor” is one
example of a controller which employs one or more micro-
processors that may be programmed using software (e.g.,
microcode) to perform various functions discussed herein. A
controller may be implemented with or without employing
a processor, and also may be implemented as a combination
of dedicated hardware to perform some functions and a
processor (e.g., one or more programmed microprocessors
and associated circuitry) to perform other functions.
Examples of controller components that may be employed in
various embodiments of the present disclosure include, but
are not limited to, conventional microprocessors, application
specific integrated circuits (ASICs), and field-programmable
gate arrays (FPGAs).

It will be understood that when an element is referred to
as being “connected” or “coupled” to another element, it can
be directly connected or coupled to the other element or
intervening elements may be present. In contrast, when an
element is referred to as being “directly connected” or
“directly coupled” to another element, there are no inter-
vening elements present.

In accordance with the understanding that a patent appli-
cant may be his or her own lexicographer, as used herein a
“two-wire connection” is specifically defined to be a con-
nection which employs exactly two wires or terminals. A
“two-wire connection” as used within the meaning of this
specification and claims specifically does not include a
connection which employs three (or more) wires.
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It should be appreciated that all combinations of the
foregoing concepts and additional concepts discussed in
greater detail below (provided such concepts are not mutu-
ally inconsistent) are contemplated as being part of the
inventive subject matter disclosed herein. In particular, all
combinations of claimed subject matter appearing at the end
of this disclosure are contemplated as being part of the
inventive subject matter disclosed herein. It should also be
appreciated that terminology explicitly employed herein that
also may appear in any disclosure incorporated by reference
should be accorded a meaning most consistent with the
particular concepts disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, like reference characters generally refer
to the same parts throughout the different views. Also, the
drawings are not necessarily to scale, emphasis instead
generally being placed upon illustrating the principles of the
invention.

FIG. 1 is a wiring diagram for a conventional lighting
control system

FIG. 2 is a wiring diagram for another conventional
lighting control system.

FIG. 3 is a wiring diagram for one embodiment of a
lighting control system having a controller which does not
employ a neutral wire, according to the invention

FIG. 4 is a wiring diagram for a second embodiment of a
lighting control system having a controller which does not
employ a neutral wire, according to the invention

FIG. 5 is a wiring diagram for a third embodiment of a
lighting control system having a controller which does not
employ a neutral wire, according to the invention

FIG. 6 is a wiring diagram for a fourth embodiment of a
lighting control having a controller which does not employ
a neutral wire, according to the invention.

DETAILED DESCRIPTION

As discussed above, a controller for selectively supplying
power to a load is often installed in a location where only
one wire or connection is available to only one power
terminal of an external power source which supplies power
to the controller and load (i.e., the neutral wire is provided
to the controller). In these installations, there is no return
current path from the controller to the external power source,
other than through the load itself. Therefore there is a need
to provide a return current path for the controller when the
controller is in an OFF state and the load is disabled.

Therefore, Applicant has recognized and appreciated that
it would be beneficial to provide a bypass current path
between the output terminal of the controller and a second
power terminal of the external power source when the
controller is in an OFF state and disables the load. It would
also be beneficial to disconnect or disable the bypass current
path between the output terminal of the controller and the
second power terminal of the external power source when
the controller is on an ON state and powers the load. This
may prevent wasted power consumption in the bypass
current path when the controller is on an ON state and
powers the load.

In view of the foregoing, various embodiments and imple-
mentations of the present invention are directed to a shunt
device which can be connected to an output terminal of a
controller and which can provide a bypass current path
between the output terminal of the controller and a second
power terminal of the external power source when the
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controller is in an OFF state and disables the load. Other
embodiments and implementations are directed to a lighting
control arrangement that includes such a shunt device. Sill
other embodiments and implementations are directed to a
method which enables a bypass current path between the
output terminal of the controller and a second power termi-
nal of the external power source when the controller is in an
OFF state and disables the load, and which disconnects or
disables the bypass current path between the output terminal
of the controller and the second power terminal of the
external power source when the controller is on an ON state
and powers the load.

FIG. 3 is a functional block diagram of one embodiment
of a lighting control system 300 having a controller 330
which does not employ a neutral wire. System 300 includes
a load 320, controller 330, and shunt device 340.

Load 320 may include one or more lighting units and/or
a motor (e.g., for a room fan). The lighting unit(s) may
include lighting units each may include a lighting driver and
one or more light sources, such as an incandescent lamp, a
fluorescent lamp (such as a compact fluorescent bulb), one
or more light emitting diodes (LEDs), etc. Load 320 also
may or may not include a ballast. Load 320 has the first load
terminal 322 and a second load terminal 324, and is con-
figured to receive a load voltage between first and second
load terminals 322 and 324 and is further configured to allow
a load current to flow between first and second load termi-
nals 322 and 324.

Controller 330 has a single input terminal 332 connected
via a wire (e.g., a black wire) to a first power terminal 310
of an external power source 305 (e.g., AC mains) which
outputs an AC voltage between first power terminal 310 and
a second power terminal (e.g., neutral terminal) 312 thereof.
A ground wire (not shown) which is connected to earth
ground and which does not supply any power to controller
330 or load 320 may also be provided for safety reasons.
Controller 330 also has a single output terminal 334 which
is connected by a wire (e.g., a red wire) to first load terminal
322 of load 320. Second load terminal 324 of load 320 is
connected by a wire (e.g., a neutral wire, which may be a
white wire) to second (e.g., neutral) power terminal 312 of
external power source 305.

In some embodiments of lighting control system 300,
controller 330 may be installed in a junction box or a wall
of a building 5 and may be located remotely (e.g., by a
distance D (see FIG. 4) of one foot to several feet) from load
320. In some embodiments, a connection to second (e.g.,
neutral) power terminal 312 of external power source 305 is
not provided to or available at the location where controller
330 is installed or disposed, and only a connection to first
power terminal 310 is available (e.g., through a so-called
“hot” wire). In some embodiments, shunt device 340 may be
co-located together with load 320. In some embodiments,
shunt device 340 may be provide inside of a lighting fixture,
or housed together with a lighting device comprising load
320.

In some embodiments, controller 330 is an electronic
controller which includes a dimming circuit for adjusting an
amount of power supplied to load 320 in response to a
dimming signal (which may be, e.g., a setting of a dimming
knob or slide-control of controller 330 which may be
adjusted by a user). In some embodiments, controller 330
includes a wireless receiver configured to receive a wireless
signal which includes data and/or commands for controller
330 to control the amount of power supplied to load 320.

Shunt device 340 is connected to output terminal 334 of
controller 330, and is connected to second (e.g., neutral)
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terminal 312 of external power source 305 via a wire (e.g.,
a neutral wire, which may be a white wire). Shunt device
340 includes a bleeding circuit 342, a switching arrangement
that includes a switch 344 and a switch control 346. In some
embodiments, bleeding circuit 342 may consist of a resistor,
for example a 1 k-resistor. In some embodiments, switch 344
may comprise a transistor switch, for example afield effect
transistor (FET), and particularly a metal oxide semicon-
ductor field effect transistor (MOSFET). Beneficially, in
some embodiments switch 344 is configured to have a
switching time of less than 10 milliseconds.

Operationally, electronic controller 330 is configured to
control at least one of the load voltage and the load current
s0 as to selectively power the load and disable load 320. As
described above, controller 330 may control the load voltage
and/or load current in response to a dimming input (e.g., by
a knob or slider manipulated by a user), in response to a
wireless control signal, etc.

Switch control 346 is configured to determine when
electronic controller 330 is in an OFF state, disabling load
320. When switch control 346 determines that electronic
controller 330 is in an OFF state, disabling load 320, then the
switching arrangement, and particularly switch 344, may
connect bleeding circuit 342 between output terminal 334 of
electronic controller 330 and second power (e.g., neutral)
terminal 312 of external power source 305 to provide a
leakage current path between output terminal 334 of elec-
tronic controller 330 and the second power (e.g., neutral)
terminal 312 external power source 305. Also, beneficially,
when switch control 346 determines that electronic control-
ler 330 is in an ON state powering load 320, then the
switching arrangement, and particularly switch 344, is con-
figured to disconnect bleeding circuit 342 from between
output terminal 334 of electronic controller 330 and second
power (e.g., neutral) terminal 312 of external power source
305. In some embodiments, when electronic controller 330
switches to the ON state, switch 344 may be switched off
immediately to disconnect the path including bleeding cir-
cuit 342. However, some lamp drivers in some loads 330
may not be able to draw enough current during the initial ON
phase to keep electronic controller 330 operating properly
because they may need some time (e.g., 100 milliseconds) to
ignite the lamp. Accordingly, in some embodiments, switch
344 may be switched off after a short delay until load 320 is
in full conduction and able to draw enough current for
controller 330.

FIG. 4 is a functional block diagram of a second embodi-
ment of a lighting control system 400 having a controller
which does not employ a neutral wire. Lighting control
system is the same as lighting control system 300, except
that shunt device 440 replaces shunt device 340. Shunt
device 440 may be one embodiment of shunt device 340.

As with lighting control system 300, in some embodi-
ments of lighting control system 400 controller 330 may be
installed in a junction box or a wall of a building and may
be located remotely from (e.g., by a distance of one foot to
several feet) from load 320. In some embodiments, a con-
nection to second (e.g., neutral) power terminal 312 of
external power supply 305 is not provided to or available at
the location where controller 330 is installed or disposed,
and only a connection to first power terminal 310 is available
(e.g., through a so-called “hot” wire). In some embodiments,
shunt device 440 may be co-located together with load 320.
In some embodiments, shunt device 440 may be provide
inside of a lighting fixture, or housed together with a lighting
device comprising load 320.
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Shunt device 440 is connected to output terminal 334 of
controller 330, and to second (e.g., neutral) terminal 312 of
external power supply 305 via a wire (e.g., a neutral wire,
which may be a white wire). Shunt device 440 is also
connected across load terminals 322 and 324 of load 320.
Shunt device 340 includes a bleeding circuit 442, a switch-
ing arrangement that includes a switch 444 and a voltage
measurement device (e.g., an op amp) 446. In some embodi-
ments, bleeding circuit 442 may consist of a resistor, for
example a 1 keresistor. In some embodiments, switch 444
may comprise a transistor switch, for example afield effect
transistor (FET), and particularly a metal oxide semicon-
ductor field effect transistor (MOSFET). Beneficially, in
some embodiments switch 444 is configured to have a
switching time of less than 10 milliseconds.

Operationally, shunt device 440 is configured to deter-
mine when electronic controller 330 is in an OFF state,
disabling load 320. For example, shunt device 440 may
determine that electronic controller 330 is in an OFF state
when the load voltage applied to load 320 is less than a
minimum dimming voltage. When switch control 344 deter-
mines that electronic controller 330 is in an OFF state,
disabling load 320, then the switching arrangement, and
particularly switch 444, may connect bleeding circuit 442
between output terminal 324 of electronic controller 330 and
second power (e.g., neutral) terminal 312 of external power
source 305 to provide a leakage current path between the
output terminal of electronic controller 330 and the second
power (e.g., neutral) terminal 312 external power source
305. Also, beneficially, when shunt device 440 determines
that electronic controller 330 is in an ON state powering load
320, then the switching arrangement, and particularly switch
444, is configured to disconnect bleeding circuit 442 from
between output terminal 324 of electronic controller 330 and
second power (e.g., neutral) terminal 312 of external power
source 305.

More specifically, when controller 330 is in the OFF state,
the load voltage across load terminals 322 and 324 of load
320 would be expected to be zero, but because of the leakage
current passing through the loop, the load voltage may
oscillate and be charged up to as high as 100% of the input
voltage from external power source 305 at a certain time.
However, the power is very limited, so if switch 444
connects bleeding circuit 442 across load 320 at the moment
when the load voltage is charged to certain threshold value,
for example 50% of the input voltage from external power
source 305 (e.g., 56 volts), the leakage voltage will drop
significantly and it could never be charged up to 100% of the
input voltage. So in this way, shunt device 440 can maintain
the load voltage at a low level when controller 330 is in the
OFF state and avoid an accidental start up of load 320, and
furthermore, it can pass more leakage current to controller
330 to support its higher power consumption.

When controller 330 is in the ON state, at first shunt
device 440 will try to dissipate the power and reduce the
load voltage at the moment when the load voltage drops
below a threshold, e.g. 50% of the input voltage from
external power source 305 (e.g., 56 volts), but because this
voltage is not induced by the leakage current as when
controller 330 is in the OFF state, the load voltage can’t be
pulled down, and it will keep on rising. When it hits and
exceeds a higher threshold, for example 70% of the input
voltage from external power source 305, shunt device 440
will recognize that controller is in the ON state and it will
then deactivate or disconnect bleeding circuit 442 via switch
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444, and stop trying to dissipate power. Subsequently, the
enabled load 320 passes current through controller 330 to
power it.

FIG. 5 is a functional block diagram of a third embodi-
ment of a lighting control system having a controller which
does not employ a neutral wire. Lighting control system is
the same as lighting control system 300, except that shunt
device 540 replaces shunt device 340. Shunt device 540 may
be one embodiment of shunt device 340.

As with lighting control system 300, in some embodi-
ments of lighting control system 500 controller 330 may be
installed in a junction box or a wall of a building and may
be located remotely from (e.g., by a distance of one foot to
several feet) from load 320. In some embodiments, a con-
nection to second (e.g., neutral) power terminal 312 of
external power source 305 is not provided to or available at
the location where controller 330 is installed or disposed,
and only a connection to first power terminal 310 is available
(e.g., through a so-called “hot” wire). In some embodiments,
shunt device 540 may be col-located together with load 320.
In some embodiments, shunt device 540 may be provide
inside of a lighting fixture, or housed together with a lighting
device comprising load 320.

Shunt device 540 is connected to output terminal 334 of
controller 330, and to second (e.g., neutral) terminal 312 of
external power source 305 via a wire (e.g., a neutral wire,
which may be a white wire). Shunt device 540 is also
connected to a second load terminal 324 of load 320. Shunt
device 540 includes a bleeding circuit 542, a switching
arrangement that includes a switch 544 and a current mea-
surement device 546. In some embodiments, bleeding circuit
542 may consist of a resistor, for example a 1 k-resistor. In
some embodiments, switch 544 may comprise a transistor
switch, for example afield effect transistor (FET), and par-
ticularly a metal oxide semiconductor field effect transistor
(MOSFET). Beneficially, in some embodiments switch 544
is configured to have a switching time of less than 10
milliseconds.

Operationally, shunt device 540 is configured to deter-
mine when electronic controller 330 is in an OFF state,
disabling load 320. When shunt device 540 determines that
electronic controller 330 is in an OFF state, disabling load
320, then the switching arrangement, and particularly switch
544, may connect bleeding circuit 542 between output
terminal 334 of electronic controller 330 and second power
(e.g., neutral) terminal 312 of external power source 305 to
provide a leakage current path between output terminal 334
of electronic controller 330 and the second power (e.g.,
neutral) terminal 312 external power source 305. Also,
beneficially, when shunt device 540 determines that elec-
tronic controller 330 is in an ON state powering load 320,
then the switching arrangement, and particularly switch 544,
is configured to disconnect bleeding circuit 542 from
between the output terminal of electronic controller 330 and
second power (e.g., neutral) terminal 312 of external power
source 305.

In some embodiments, current measurement device 546
may measure the load current and compare it to a threshold
current, and when the load current is less than the threshold
current then shunt device 540 may determine that controller
330 is in an OFF state, and may control switch 544 to
connect bleeding circuit 542 between output terminal 334 of
electronic controller 330 and second power (e.g., neutral)
terminal 312 of external power source 305 to provide a
leakage current path between output terminal 334 of elec-
tronic controller 330 and the second power (e.g., neutral)
terminal 312 external power source 305. In some embodi-
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ments, when the load current is greater than the threshold
current then shunt device 540 may determine that controller
330 is in an ON state, and may control switch 544 to
disconnect bleeding circuit 542 from between output termi-
nal 334 of electronic controller 330 and second power (e.g.,
neutral) terminal 312 of external power source 305.

In lighting control system 500, current measurement
device 546 is connected between second load terminal 324
and second power (e.g., neutral) terminal of external power
source 305, to which it may be connected by a wire (e.g., a
neutral wire or white wire).

FIG. 6 is a functional block diagram of a fourth embodi-
ment of a lighting control system 600 having a controller
which does not employ a neutral wire. The difference
between lighting control system 600 and lighting control
system 550 is that in lighting control system 600, current
measurement device 546 of shunt device 540 is connected
between output terminal 334 of electronic controller 330 and
first load terminal 322 of load 320.

While several inventive embodiments have been
described and illustrated herein, those of ordinary skill in the
art will readily envision a variety of other means and/or
structures for performing the function and/or obtaining the
results and/or one or more of the advantages described
herein, and each of such variations and/or modifications is
deemed to be within the scope of the inventive embodiments
described herein. More generally, those skilled in the art will
readily appreciate that all parameters, dimensions, materials,
and configurations described herein are meant to be exem-
plary and that the actual parameters, dimensions, materials,
and/or configurations will depend upon the specific appli-
cation or applications for which the inventive teachings
is/are used. Those skilled in the art will recognize, or be able
to ascertain using no more than routine experimentation,
many equivalents to the specific inventive embodiments
described herein. It is, therefore, to be understood that the
foregoing embodiments are presented byway of example
only and that, within the scope of the appended claims and
equivalents thereto, inventive embodiments may be prac-
ticed otherwise than as specifically described and claimed.
Inventive embodiments of the present disclosure are directed
to each individual feature, system, article, material, kit,
and/or method described herein. In addition, any combina-
tion of two or more such features, systems, articles, mate-
rials, kits, and/or methods, if such features, systems, articles,
materials, kits, and/or methods are not mutually inconsis-
tent, is included within the inventive scope of the present
disclosure.

All definitions, as defined and used herein, should be
understood to control over dictionary definitions, definitions
in documents incorporated by reference, and/or ordinary
meanings of the defined terms.

The indefinite articles “a” and “an,” as used herein in the
specification and in the claims, unless clearly indicated to
the contrary, should be understood to mean “at least one.”

The phrase “and/or,” as used herein in the specification
and in the claims, should be understood to mean “either or
both” of the elements so conjoined, i.e., elements that are
conjunctively present in some cases and disjunctively pres-
ent in other cases. Multiple elements listed with “and/or”
should be construed in the same fashion, i.e., “one or more”
of'the elements so conjoined. Other elements may optionally
be present other than the elements specifically identified by
the “and/or” clause, whether related or unrelated to those
elements specifically identified.

As used herein in the specification and in the claims, the
phrase “at least one,” in reference to a list of one or more
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elements, should be understood to mean at least one element
selected from any one or more of the elements in the list of
elements, but not necessarily including at least one of each
and every element specifically listed within the list of
elements and not excluding any combinations of elements in
the list of elements. This definition also allows that elements
may optionally be present other than the elements specifi-
cally identified within the list of elements to which the
phrase “at least one” refers, whether related or unrelated to
those elements specifically identified.

It should also be understood that, unless clearly indicated
to the contrary, in any methods claimed herein that include
more than one step or act, the order of the steps or acts of
the method is not necessarily limited to the order in which
the steps or acts of the method are recited.

Also, reference numerals appearing in the claims in
parentheses, if any, are provided merely for convenience and
should not be construed as limiting the claims in any way.

The invention claimed is:

1. A system, comprising:

an electronic controller, having:

a single input terminal connected to a first power terminal
of an external power source which is external to the
electronic controller and which outputs an AC voltage
between the first power terminal and a second power
terminal thereof, and

a single output terminal connected to a first load terminal
of a load which includes at least one light source and
which has the first load terminal and a second load
terminal, wherein the second load terminal is connected
to the second power terminal of the external power
source, and wherein the load is configured to receive a
load voltage between the first and second load termi-
nals and is further configured to allow a load current to
flow between the first and second load terminals,

wherein the electronic controller is configured to control
at least one of the load voltage and the load current so
as to selectively power the load when electronic con-
troller is in an ON state, and to disable the load when
electronic controller is in an OFF state; and

a shunt device, comprising:

a series combination of a bleeding circuit in series with a
switch, the series combination having a first terminal
directly connected to an output terminal of the elec-
tronic controller and having a second terminal directly
connected to the second power terminal of the external
power source, and a switch control device that is
configured to:

control the switch to connect the bleeding circuit between
the output terminal of the electronic controller and the
second power terminal of the external power source
when the electronic controller is in an OFF state and the
load is powered OFF to provide a current path for
leakage current between the output terminal of the
electronic controller and the second power terminal of
the external power source,

control the switch to disconnect the bleeding circuit
between the output terminal of the electronic controller
and the second power terminal of the external power
source when the electronic controller is in an ON state
and the load is powered ON, and

before disconnecting the bleeding circuit between the
output terminal of the electronic controller and the
second power terminal of the external power source,
cause a delay [of at least 100 msec] after transition of
the electronic controller from the OFF state to the ON
state to enable the electronic controller to remain
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operable during an initial ON state, wherein the leakage
current continues to have a current path between the
output terminal of the electronic controller and the
second power terminal of the external power source for
the duration of the delay.

2. The system of claim 1, wherein the switch control
device includes a voltage measurement device connected
between the first and second load terminals and configured
to measure the load voltage, and to close the switch to
connect the bleeding circuit between the output terminal of
the electronic controller and the second power terminal of
the external power source to provide the current path
between the output terminal of the electronic controller and
the second power terminal of the external power source
when the measured load voltage is less than a first threshold
voltage while the electronic controller is in the OFF state,
and to control the switch to open the switch to disconnect the
bleeding circuit between the output terminal of the elec-
tronic controller and the second power terminal of the
external power source when the measured load voltage
exceeds the threshold voltage while the electronic controller
is in the ON state.

3. The system of claim 1, wherein the switch control
device includes a current measurement device configured to
measure the load current and to close the switch to connect
the bleeding circuit between the output terminal of the
electronic controller and the second power terminal of the
external power source to provide the current path between
the output terminal of the electronic controller and the
second power terminal of the external power source when
the measured load current is less than a threshold current,
and to control the switch to open the switch to disconnect the
bleeding circuit between the output terminal of the elec-
tronic controller and the second power terminal of the
external power source when the measured load current
exceeds the threshold current.

4. The system of claim 3, wherein the current measure-
ment device is connected between the output terminal of the
electronic controller and the first load terminal.

5. The system of claim 3, wherein the current measure-
ment device is connected between the second load terminal
and the second power terminal of the external power source.

6. The system of claim 1, wherein the electronic controller
includes a dimming circuit for adjusting an amount of power
supplied to the load.

7. The system of claim 1, wherein the electronic controller
includes a wireless receiver configured to receive a wireless
signal and in response thereto to control an amount of power
supplied to the load.

8. The system of claim 1, wherein the electronic controller
is installed in a building at a location where a connection to
the second power terminal is not provided, and wherein the
shunt device is separated and spaced apart from the elec-
tronic controller by a distance of at least one foot.

9. The system of claim 8, wherein the first terminal of the
load is directly connected to the output terminal of the
electronic controller.

10. The system of claim 1, wherein the second terminal of
the load is directly connected to the second power terminal
of the external power source.

11. A method of supplying power to a load having first and
second load terminals, via an electronic controller connected
to an external power source which is external to the elec-
tronic controller and which external power source outputs an
AC voltage between a first power terminal thereof and a
second power terminal thereof, wherein the load is config-
ured to receive a load voltage between the first and second



US RE50,126 E

17

load terminals and is further configured to allow a load
current to flow between the first and second load terminals,
and wherein the electronic controller is configured to control
at least one of the load voltage and the load current so as to
selectively power the load and disable the load, the method
comprising:
providing a series combination of a bleeding circuit in
series with a switch, the series combination having a
first terminal directly connected to an output terminal
of the electronic controller and having a second termi-
nal directly connected to the second power terminal of
the external power source,
operating the switch to connect the bleeding circuit
between the output terminal of the electronic controller
and the second power terminal of the external power
source when the electronic controller is in an OFF state
and the load is powered OFF, the bleeding circuit
providing a current path for leakage current between
the output terminal of the electronic controller and the
second power terminal of the external power source,
operating the switch to disconnect the bleeding circuit
between the output terminal of the electronic controller
and the second power terminal of the external power
source when the electronic controller is in an ON state
and the load is powered ON, and
before disconnecting the bleeding circuit between the
output terminal of the electronic controller and the
second power terminal of the external power source,
delaying the disconnection [of least 100 msec] after
transition of the electronic controller from the OFF
state to the ON state to enable the electronic controller
to remain operable during an initial ON state, wherein
the leakage current continues to have a current path
between the output terminal of the electronic controller
and the second power terminal of the external power
source for the duration of the delay.
12. The method of claim 11, further comprising:
measuring the load current;
comparing the measured load current to a threshold
current;
connecting the bleeding circuit between the output termi-
nal of the electronic controller and the second power
terminal of the external power source when the mea-
sured current is less than the threshold current; and
disconnecting the bleeding circuit between the output
terminal of the electronic controller and the second
power terminal of the external power source when the
measured current exceeds the threshold current.
13. The method of claim 11, further comprising:
measuring the load voltage;
comparing the measured load voltage to a threshold
voltage;
connecting the bleeding circuit between the output termi-
nal of the electronic controller and the second power
terminal of the external power source when the mea-
sured load voltage is less than the threshold voltage;
and
disconnecting the bleeding circuit between the output
terminal of the electronic controller and the second
power terminal of the external power source when the
measured load voltage exceeds the threshold voltage.
14. A device configured to be connected to an output
terminal of an electronic controller, which in turn has a
single input terminal connected to a first power terminal of
an external power source which is external to the electronic
controller and which external power source outputs an AC
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voltage between the first power terminal and a second power
terminal thereof, the device comprising:

a series combination of a bleeding circuit in series with a
switch, the series combination having a first terminal
configured to be directly connected to an output termi-
nal of the electronic controller and having a second
terminal configured to be directly connected to the
second power terminal of the external power source;
and

a switch control device configured to detect whether the
electronic controller powers a load or disables the load,
the switch control device further configured to:

connect the bleeding circuit between the output terminal
of the electronic controller and the second power
terminal of the external power source when the elec-
tronic controller is in an OFF and the load is powered
OFF state such that the bleeding circuit provides a
current path for leakage current between the output
terminal of the electronic controller and the second
power terminal of the external power source,

disconnect the bleeding circuit between the output termi-
nal of the electronic controller and the second power
terminal of the external power source when the elec-
tronic controller is in an ON state and the load is
powered ON, and

before disconnecting the bleeding circuit between the
output terminal of the electronic controller and the
second power terminal of the external power source,
delay the disconnection [by least 100 msec] after
transition of the electronic controller from the OFF
state to the ON state to enable the electronic controller
to remain operable during an initial ON state, wherein
the leakage current continues to have a current path
between the output terminal of the electronic controller
and the second power terminal of the external power
source for the duration of the delay.

15. The device of claim 14, wherein the switch control
device includes a voltage measurement device connected
between first and second load terminals of load and config-
ured to measure the load voltage, and to close the switch to
connect the bleeding circuit between the output terminal of
the electronic controller and the second power terminal of
the external power source to provide a current path between
the output terminal of the electronic controller and the
second power terminal of the external power source when
the measured load voltage is less than a threshold voltage,
and to control the switch to open the switch to disconnect the
bleeding circuit between the output terminal of the elec-
tronic controller and the second power terminal of the
external power source when the measured load voltage
exceeds the threshold voltage.

16. The device of claim 14, wherein the switch control
device includes a current measurement device configured to
measure the load current and to close the switch to connect
the bleeding circuit between the output terminal of the
electronic controller and the second power terminal of the
external power source to provide a current path between the
output terminal of the electronic controller and the second
power terminal of the external power source when the
measured load current is less than a threshold current, and to
control the switch to open the switch to disconnect the
bleeding circuit between the output terminal of the elec-
tronic controller and the second power terminal of the
external power source when the measured load current
exceeds the threshold current.

17. The device of claim 14, wherein the electronic con-
troller is installed in a building at a location where a
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connection to the second power terminal is not provided, and
wherein the device is separated and spaced apart from the
electronic controller by a distance of at least one foot.
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