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LOCATION DIMMING SYSTEM BACKGROUND OF THE INVENTION
Field of the Invention [00011The present invention
relates to multiple location dimming systems having
multiple smart dimmers, for example, a three-way
dimming system that includes smart dimmer switches at
both locations of the three-way system. In
particular, all of the smart dimmers in the multiple
location dimming system according to the present
invention are operable to carry the same load current
to control one or more lighting loads in unison and
to display a present intensity level of the lighting
load(s) on a status indicator. Description of the
Related Art 10002]Three-way and four-way switch
systems for use in controlling loads in buildings,
such as lighting loads, are known in the art.
Typically, the switches used in these systems are
wired to the building's alternating-current (AC)
wiring system, are subjected to AC source voltage,
and carry full load current, as opposed to
low-voltage switch systems that operate at low
voltage and low current, and communicate digital
commands (usually low-voltage logic levels) to a
remote controller that controls the level of AC power
delivered to the load in response to the commands.
Thus, as used herein, the terms "three-way switch",
"three-way system", "four-way switch", and "four-way
system" mean such switches and systems that are
subjected to the AC source voltage and carry the full
load current. 



10003]A three-way switch derives its name from the
fact that it has three terminals and is more commonly
known as a single-pole double-throw (SPDT) switch,
but will be referred to herein as a 'three-way
switch". Note that in some countries a three-way
switch as described above is known as a "two-way
switch".  WO 2007/149415PCMIS2007/014235 -2- 100041 A
four-way switch is a double-pole double-throw (DPDT)
switch that is wired internally for polarity-reversal
applications. A four-way switch is commonly called an
intermediate switch, but will be referred to herein
as a "four-way switch". 100051In a typical, prior art
three-way switch system, two three-way switches
control a single load, and each switch is fully
operable to independently control the load,
irrespective of the status of the other switch. In
such a system, one three-way switch must be wired at
the AC source side of the system (sometimes called
"line side"), and the other three-way switch must be
wired at The load side of the system. [00061Fig. 1A
shows a standardthree-way switch system 100, which
includes two 



Three-way switches 102, 104. The switches 102, 104
are connected between an AC voltage source 106 and a
lighting load 108. The three-way switches 102, 104
each include "movable" (or common) contacts, which
are electrically connected to the AC voltage source
106 and the lighting load 108, respectively. The
three-way switches 102, 104 also each include two
_fixed contacts. When the movable contacts are making
contact with the upper fixed contacts, the Three-way
switches 102, 104 are in position Kin Fig. 1A. When
the movable contacts are making contact with the
lower fixed contact, the three-way switches 102, 104
are in position B. When the three-way switches
102,104 are both in position A (or both in position
B), the circuit of system 100 is complete and the
lighting load 108 is energized. When switch 102 is in
position A and switch 104 is in position B (or vice
versa), the circuit is not complete and the lighting
load 108 is not energized. [0007]Three-way dimmer
switches that replace three-way switches are known in
the art An example of a three-way dimmer switch
system 150, including one prior art three-way dimmer
switch 152 and one three-way switch 104 is shown in
Fig. 111. The three-way dimmer switch 152 includes a
dimmer circuit 152A and a three-way switch 1528. A
typical, AC phase-control dimmer circuit 152A
regulates the amount of energy supplied to the
lightingload 108 by conducting for some portion of
each half-cycle of the AC waveform, and not
conducting for the remainder of the half-cycle.
Because the dimmer circuit 152A is in series with the
lighting load 108, the longer the dimmer circuit
conducts, the more energy will be delivered to the
lighting load 108. Where the lighting load 108 is a
lamp, the more energy that is delivered to the
lighting load 108, the greater  WO
2007/149415PCT/US2007/014235 - 3 - the light
intensity level of the lamp. In a typical dimming
operation, a user may adjust a control to set the
light intensity level of the lamp to a desired light
intensity level. The portion of each half-cycle for
which the dimmer conducts is based on the selected
light intensity level. The user is able to dint and
toggle the lighting load 108 from the three-way
dimmer switch 152 and is only able to toggle the
lighting load from the three-way switch 104. Since
two dimmer circuits cannot be wired in series, the
three-way dimmer switch system 150 can only include
one three-way dimmer switch 152, which can be located
on either the line side or the load side of the
system. [0008]A four-way switch system is required
when there are more than two switch locations from
which to control the load. For example, a four-way
system requires two three-way switches and one
four-way switch, wired in well known fashion, so as
to render each switch fully operable to independently
control the load irrespective of the status of any
other switches in the system. In the four-way system,
the four-way switch is required to be wired between
the two three-way switches in order for all switches
to operate independently, i.e., one three-way switch
must be wired at the AC source side of the system,
the other three-way switch must be wired at the load
side of the system, and the four-way switch must be
electrically situated between the two three-way
switches. 



[0009]Fig. IC shows a prior art four-way switching
system 180. The system 180 includes two three-way
switches 102, 104 and a four-way switch 185. The
four-way switch 185 has two states. In the first
state, node Al is connected to node Al and node El is
connected to node B2. When the four-way switch 185 is
toggled, the switch changes to the second state in
which the paths are now crossed (i.e., node Al is
connected to node 82 and node B1 is connected to node
A2). Note that a four-way switch can function as a
three-way switch if one terminal is simply not
connected. 100101Fig. 1D shows another prior art
switching system 190 containing a plurality of
four-way switches 185. As shown, any number of
four-way switches can be included between the
three-way switches 102, 104 to enable multiple
location control of the lighting load 108.
[00111Multiple location dimming systems employing a
smart dimmer switch and a specially designed remote
(or "accessory") switch that permit the dimming level
to be  WO 2007/149415PCT/US2007/014235 - 4 - adjusted
from multiple locations have been developed. A smart
dimmer is one That includes a microcontroller or
other processing means for providing an advanced set
of control features and feedback options to the end
user. For example, the advanced features of a smart
dimmer may include a protected or locked lighting
preset, fading, and double-tap to full intensity. To
power the microcontroller, smart dimmers include
power supplies, which draw a small amount of current
through the lighting load each half-cycle when the
semiconductor switch is non-conducting. The power
supply typically uses this small amount of current to
charge a storage capacitor and develop a
direct-current (DC) voltage to power the
microcontroller. An example of a multiple location
lighting control system, including a wall-mountable
smart dimmer switch and wall-mountable remote
switches for wiring at all locations of a multiple
location dimming system, is disclosed in commonly
assigned U.S. Patent No. 5,248,919, issued on
September 28, 1993, entitled LIGHTING CONTROL DEVICE,
which is herein incorporated by reference in its
entirety. 



[0012]Referring again to the system 150 of Fig. 1B,
since no load current flows through the dimmer
circuit 152A of the three-way dimmer switch 152 when
the circuit between the supply 106 and the lighting
load 108 is broken by either three-way switch 152B or
104, the dimmer switch 152 is not able to include a
power supply and a microcontroller. Thus, the dimmer
switch 152 is not able to provide the advanced set of
features of a smart dimmer to the end user.
[0013]Fig. 2 shows an example multiple location
lighting control system 200 including one
wall-mountable smart dimmer switch 202 and one
wall-mountable remote switch 204. The dimmer switch
202 has a Hot (H) terminal for receipt of an AC
source voltage provided by an AC power supply 206,
and a Dimmed Hot (DH) terminal for providing a
dimmed-hot (or phase-controlled) voltage to a
lighting load 208. The remote switch 204 is connected
in series with the DH terminal of the dimmer switch
202 and the lighting load 208, and passes the
dimmed-hot voltage through to the lighting load 208.
10014]The dimmer switch 202 and the remote switch 204
both have actuators to allow for raising, lowering,
and toggling on/off the light intensity level of the
lighting load 208. The dimmer switch 202 is
responsive to actuation of any of these actuators to
alter the dimming level (or power the lighting load
208 on/off) accordingly. In particular,  WO
2007/149415PCT/US2007/014235 - 5 - actuation of an
actuator at the remote switch 204 causes an AC
control signal, or partially rectified AC control
signal, to be communicated from that remote switch
204 to the dimmer switch 202 over the wiring between
the Accessory Dimmer (AD) terminal of the remote
switch 204 and the AD terminal of the dimmer switch
202. The dimmer switch 202 is responsive to receipt
of the control signal to alter the dimming level or
toggle the load 208 on/off. Thus, the load can be
fully controlled from the remote switch 204. 



[0015]The user interface of the dimmer switch 202 of
the multiple location lighting control system 200 is
shown in Fig. 3. As shown, the dimmer switch 202 may
include a faceplate 310, a bezel 312, an intensity
selection actuator 314 for selecting a desired level
of light intensity of a lighting load 208 controlled
by the dimmer switch 202, and a control switch
actuator 316. The faceplate 310 need not be limited
to any specific form, and is preferably of a type
adapted to be mounted to a conventional wall-box
commonly used in the installation of lighting control
devices. Likewise, the bezel 312 and the actuators
314, 316 are not limited to any specific form, and
may be of any suitable design that permits manual
actuation by a user. [0016]An actuation of the upper
portion 314A of the actuator 314 increases or raises
the light intensity of the lighting load 208, while
an actuation of the lower portion 314B of the
actuator 314 decreases or lowers the light intensity.
The actuator 314 may control a rocker switch, two
separate push switches, or the like. The actuator 316
may control a push switch, though the actuator 316
may be a touch-sensitive membrane. The actuators
314,316 may be linked to the corresponding switches
in any convenient manner. The switches controlled by
actuators 314,316 may be directly wired into the
control circuitry to be described below, or may be
linked by an extended wired link, infrared (IR) link,
radio frequency (RF) link, power line carrier (PLC)
link, or otherwise to the control circuitry.
[0017]The dimmer switch 202 may also include an
intensity level indicator in the form of a plurality
of light sources 318, such as light-emitting diodes
(LEDs). Light sources 318 may be arranged in an array
(such as a linear array as shown) representative of a
range of light intensity levels of the lighting load
208 being controlled. The intensity levels of the
lighting load 208 may range from a minimum intensity
level, which is  WO 2007/149415PCT/11152007/014235 -
6 - preferably the lowest visible intensity, but
which may be "full oft", or zero, to a maximum
intensity level, which is typically "full on", or
substantially 100%. Light intensity level is
typically expressed as a percent of full intensity.
Thus, when the lighting load 208 is on, light
intensity level may range from 1% to substantially
100%. 



[0018]The system shown in Fig. 2 provides a fully
functional three-way switching system wherein the
user is able to access all functions, such as, for
example, dimming at both locations. However, in order
to provide this functionality, both switching devices
need to be replaced with the respective devices 202,
204. Further, since the remote switch 204 does not
have LEDs, no feedback can be provided to a user at
the remote switch 204. [0019]Sometimes it is desired
to place only one smart switch in-the three-way or
four-way switching circuit. As shown in Fig. 1B, it
is not possible heretofore to do this by simply
replacing the dimmer 152 with a smart dimmer, leaving
mechanical three-way switch 104 in the circuit
because when switch 104 breaks the circuit, power no
longer is provided to the microcontroller of the
smart dimmer (in place of the dimmer 152) because
current no longer flows through the dimmer to the
lighting load 108. The three-way and four-way dimmer
switch according to the present invention provides a
solution to this problem and also optionally provides
a means for remote control of the switch. [0020]In
one prior art remote control lighting control system,
a single multi- location dimmer and up to nine
"accessory" dimmers can be installed on the same
circuit to enable dimming from a plurality of
controls. In the prior art, accessory dimmers are
necessary because prior art multi-location dimmers
are incompatible with mechanical three-way switches.
Accessory dimmers installed throughout a house can
greatly increase the cost of the components and of
the installation of a dimming system. [0021)Moreover,
even though the multiple location lighting control
system 200 allows for the use of a smart dimmer
switch in a three-way system, it is necessary for the
customer to purchase the remote switch 204 along with
the smart dimmer switch 202. Often, the typical
customer is unaware that a remote switch is required
when buying a smart dimmer switch for a three-way or
four-way system until after the time of purchase when
the smart dimmer switch is installed and it is
discovered that the smart dimmer switch will not work
properly with the existing mechanical three-way or
four-way switch.  WO 2007/149415PCT/US2007/014235 



- 7 - Therefore, there exists a need for a smart
dimmer that may be installed in any location of a
three-way or four-way system without the need to
purchase and install a special remote switch.
100221Smart dimmers that are operable to be installed
in a three-way system in place of one of the
three-way switches are known. Fig. 4A shows a prior
art three-way system 400 having a smart three-way
dimmer 402 and Fig. 4E shows a prior art three-way
system 450 having a smart three-way dimmer 452. The
smart Three-way dimmers 402, 452 are described in
greater detail in co-pending, commonly-assigned U.S.
Patent Application, Attorney Docket No. P110-814,
filed June 6, 2006, entitled DIMMER SWITCH FOR USE
WITH LIGHTING CIRCUITS HAVING THREE-WAY SWITCHE.S,
the entire disclosure of which is hereby incorporated
by reference in its entirety. Note that the dimmers
402,452 may be coupled on either the line-side or the
load-side of the three-way systems 400, 452.
[00231The smart dimmer 402 comprises a first dimmer
circuit 410 coupled between an AC source 406 and the
first fixed contact A of a standard three-way switch
404 and a second dimmer circuit 412 coupled between
the AC source and the second fixed contact B of the
three-way switch 404. The movable contact of the
three-way switch 404 is coupled to a lighting load
408. The smart dimmer comprises a control circuit 414
coupled across the dimming circuits 410,412 via two
diodes 416. The control circuit 414 comprises a power
supply, which is operable to charge through the
lighting load 408 via one of the diodes 416 depending
upon the position of the movable contact of the
three-way switch 404. Preferably, the control circuit
is operable to determine whether the three-way switch
404 is in position A or position B depending upon
whether a voltage is developed across the first
dimmer circuit 410 or the second dimmer circuit 412,
respectively. The smart three-way dimmer 402 is
operable to provide feedback to a user of the
intensity of the lighting load 408. [00241The smart
dimmer 452 only comprises a single dimmer circuit 460
coupled between the AC source 406 and the first fixed
contact A of the three-way switch 404. The smart
dimmer also comprises a control circuit 464 coupled
across the dimmer circuit 462 and a current sense
circuit 468 coupled between the first fixed contact A
and the second  - 8 - 



fixed contact B of the three-way switch 404. The
control circuit 462 includes a power supply that is
operable to charge through lighting load 408. The
control circuit 464 is operable to determine whether
the three-way switch 404 is in position A or position
B in response to a control signal generated by the
current sense circuit 468. The control signal is
provided to the control circuit 464 when the current
sense circuit 468 senses the charging current of the
power supply flowing through the second fixed contact
B of the three-way switch 404. The smart three-way
dimmer 452 is operable to provide feedback to a user
of the intensity of the lighting load 408.
100251However, the three-way systems 400, 450 cannot
include more than one smart dimmer 402, 452.
Therefore, there is a need for a three-way system
that is operable to include a smart dimmer at both
locations of the three-way system. Further, there is
a need for a multiple location dimming system having
identical dimmers that wire in each location of the
dimming system and that each have status indicators.
SUMMARY OF THE INVENTION [0026]In accordance with a
first aspect of the present invention, there is
provided a multiple location dimming system for
controlling an amount of power delivered to an
electrical load from an AC power source, the system
comprising: a first dimmer coupled between the AC
power source and the electrical load, the first
dimmer comprising a first controllably conductive
device for controlling the amount of power delivered
to the electrical load, and a first controller
coupled to the first controllably conductive device
for control of the first controllably conductive
device, the first controller operable to monitor a
first electrical characteristic of the first dimmer;
and a second dimmer coupled between the AC power
source and the electrical load, the second dimmer
comprising a second controllably conductive device
for controlling the amount of power delivered to the
electrical load, and a second controller coupled to
the second controllably conductive device for control
of the second controllably conductive device, the
second controller operable to monitor a second
electrical characteristic of the second dimmer, the
second  dimmer coupled to the first dimmer such that
the first controllably conductive device is coupled
in parallel electrical connection with the second
controllably conductive device, the parallel
combination of the first and second controllably
conductive devices coupled in series electrical
connection between the AC power source and the
electrical load; wherein the first controller is
operable to render the first controllably conductive
device conductive at a first time during a first
half-cycle of the AC power source, the second
controller operable to determine the first time in
response to the second electrical characteristic and
to render the second controllably conductive device
conductive at a second time before the first time
during a second subsequent half-cycle, the first
controller operable to determine whether the second
controller has rendered the second controllably
conductive device conductive before the first time
during the second half-cycle, and to render the first
controllably conductive device non-conductive in
response to the second controller rendering the
second controllably conductive device conductive at
the second time during the second half-cycle.
[0026a]In accordance with a second aspect of the
present invention, there is provided a load control
device for controlling an amount of power delivered
to an electrical load from an. AC power source, the
load control device comprising: a first controllably
conductive device coupled in series electrical
connection between the AC power source and the
electrical load for controlling the amount of power
delivered to the load, the first controllably
conductive device having a control input; a sensing
circuit operable to provide a control signal
representative of a first electrical characteristic
of the load control device; and a first controller
coupled to the control input of the first
controllably conductive device and operable to
receive the control signal from the sensing circuit;
wherein the load control device is adapted to be
coupled to a second load control device having a
second controllably conductive device, the second
controllably conductive device coupled in parallel
electrical connection with the first controllably
conductive device, the second controllably conductive
device rendered conductive at a first time during a
first half-cycle, the first controller operable to
determine the first time during the first half-cycle
in response to the control signal from the sensing
circuit, and to render the first controllably
conductive device conductive at a second time before
the first time 



- 8b - during a second subsequent half-cycle.
[0026b]In accordance with a third aspect of the
present invention, there is provided a method of
controlling an amount of power delivered to an
electrical load from an AC power source, the method
comprising the steps of: coupling a first
controllably conductive device between the AC power
source and the electrical load; coupling a second
controllably conductive device between the AC power
source and the electrical load and in parallel
electrical connection with the first controllably
conductive device; controlling the first controllably
conductive device to be conductive for at a first
time during a first half-cycle of the AC power
source; monitoring an electrical characteristic;
determining the first time in response to the step of
monitoring the electrical characteristic; rendering
the second controllably conductive device conductive
at a second time before the first time during a
second subsequent half-cycle; and rendering the first
controllably conductive device non-conductive in
response to the step of rendering the second
controllably conductive device conductive. 10026c1In
accordance with a fourth aspect of the present
invention, there is provided a method of controlling
an amount of power delivered to an electrical load
from an AC power source, the method comprising the
steps of: coupling a first controllably conductive
device between the AC power source and the electrical
load; coupling a second controllably conductive
device between the AC power source and the electrical
load and in parallel electrical connection with the
first controllably conductive device; controlling the
first controllably conductive device to be conductive
for a first period of time during a first half-cycle
of the AC power source; monitoring a first voltage
across the first controllably conductive device; and
determining the first period of time in response to
the step of monitoring the second voltage; rendering
the second controllably conductive device conductive
for a second period of time greater than the first
period of time; and rendering the first controllably
conductive device non-conductive in response to the
step of rendering the second controllably conductive
device. [0026d]According to another embodiment of the
present invention, a multiple location dimming system
for 



- 8c - controlling the power delivered to an
electrical load from an AC power source comprises a
first dimmer and a second dimmer. The first dimmer is
coupled between the AC power source and the
electrical load and comprises a first controllably
conductive device for controlling the amount of power
delivered to the electrical load. The second dimmer
is coupled between the AC power source and the
electrical load and comprises a second controllably
conductive device for controlling the amount of power
delivered to the electrical load The first dimmer is
coupled to the second dimmer such that the first
controllably conductive device is coupled in parallel
electrical connection with the second controllably
conductive device. The parallel combination of the
first and second controllably conductive devices in
series electrical connection between the AC power
source and the electrical load. Preferably, a second
controller of the second dimmer is operable to
monitor a second dimmer electrical characteristic in
order to determine a first time when the first
controllably conductive device of the first dimmer is
rendered conductive. Further, the second controller
is operable to render the second controllably
conductive device conductive at a second time before
the first time.  - 9 - [0027]Further, another
embodiment of the present application provides a
multiple location dimming system for controlling the
power delivered to an electrical load from an AC
power source comprising first and second dimmers. The
first dimmer is coupled between the AC power source
and the electrical load and comprises a first
controllably conductive device operable to control
the amount of power delivered to the electrical load
by conducting load current from the AC power source
to the electrical load at a first time each
half-cycle of the AC power source. The second dimmer
is coupled between the AC power source and the
electrical load and comprises a second controllably
conductive device operable to control the amount of
power delivered to the electrical load. The second
dimmer is coupled to the first dimmer such that the
second controllably conductive device is coupled in
parallel electrical connection with the first
controllably conductive device. The parallel
combination of the first and second controllably
conductive devices are in series electrical
connection between the AC power source and the
electrical load. Only one of the first and the second
controllably conductive devices is operable to
conduct the load current at a given time. The second
dimmer is operable to render the second controllably
conductive device conductive at a second time before
the first time. The first dimmer is operable to
render the first controllably conductive device
non-conductive in response to the second dimmer
rendering the second controllably conductive device
conductive at the second time. [0028] According to
another embodiment of the present invention, a
multiple location dimming system for controlling the
power delivered to an electrical load from an AC
power source comprises a first dimmer coupled to the
AC power source. The first dimmer comprises a first
controllably conductive device for controlling the
amount of power delivered to the electrical load. The
system further comprises a second dimmer coupled to
the electrical load. The second dimmer comprises a
second controllably conductive device for controlling
the amount of power delivered to the electrical load.
The first and second dimmers each comprise at least
one status indicator for displaying a status of the
electrical load. [0029]In addition, another
embodiment of the present invention provides a load
control device for controlling the amount of power
delivered to an electrical load from an AC power
source. The load control device comprises a first
controllably conductive device, a sensing circuit, 



- 10 - and a first controller. The first controllably
conductive device has a control input and is coupled
in series electrical connection between the AC power
source and the electrical load for controlling the
amount of power delivered to the electrical load. The
sensing circuit is operable to provide a control
signal representative of a first electrical
characteristic of the load control device. The first
controller is coupled to the control input of the
first controllably conductive device and is operable
to receive the control signal from the sensing
circuit. The load control device is operable to be
coupled to a second load control device having a
second controllably conductive device. The second
controllably conductive device is coupled in parallel
electrical connection with the first controllably
conductive device. The first controller is operable
to determine when the second controllably conductive
device is changed between a non-conductive state and
a conductive state in response to the control signal
from the sensing circuit. [0030]An embodiment of the
present invention further provides a load control
device for controlling the amount of power delivered
to an electrical load from an AC power source. The
load control device comprises a controllably
conductive device coupled in series electrical
connection between the AC power source and the
electrical load for controlling the amount of power
delivered to the load by conducting current to the
electrical load for a first period of time each
half-cycle of the AC power source. The controllably
conductive device has a control input. The load
control device also comprises a voltage monitoring
circuit coupled in parallel with the controllably
conductive device and operable to provide a control
signal representative of a voltage developed across
the controllably conductive device. The load control
device further comprises a controller coupled to the
control input of the controllably conductive device
and operable to receive the control signal from the
voltage monitoring circuit. The controller is
operable to determine whether the voltage across the
controllably conductive device is a substantially low
voltage at approximately the beginning of the first
period of rime. [0031]According to another embodiment
of the present invention, a first dimmer switch is
adapted to be coupled to a circuit including a power
source, an electrical load, and a second dimmer
switch. The first dimmer switch comprises a
controllably conductive device operable to control
the amount of power delivered from the power source
to the electrical load; a sensing circuit coupled
across the controllably conductive device for
generating a control signal representative of an
electrical characteristic of the first dimmer switch;
and a controller operatively coupled to the
controllably conductive device for controlling the
amount of power delivered to the load. The controller
is operable to change the controllably conductive
device between an active mode, in which the
controllably conductive device is conducting the load
current, and a passive mode, in which the
controllably conductive device is not conducting the
load current, in response to the control signal of
the sensing circuit. [0032]Another embodiment of the
present invention further provides a method of 



controlling the amount of power delivered to an
electrical load from an AC power source. The method
comprises the steps of coupling a first controllably
conductive device between the AC power source and the
electrical load, and coupling a second controllably
conductive device between the AC power source and the
electrical load and in parallel electrical connection
with the first controllably conductive device. The
method further comprises the step of controlling the
first controllably conductive device to be conductive
for at a first time each half-cycle of the AC power
source. Alternatively, the method may comprise the
step of controlling the first controllably conductive
device to be conductive for a first period of time
each half-cycle of the AC power source.
[0033]According to another embodiment of the present
invention, a method of  controlling the amount of
power delivered to an electrical load from an AC
power source comprises the steps of coupling a
plurality of controllably conductive devices between
the AC power source and the electrical load with the
plurality of controllably conductive devices being
coupled in parallel electrical connection, and
selectively controlling one of the plurality of
controllably conductive devices to be conductive for
a period of time each half-cycle of the AC power
source. [0034]Another embodiment of the invention
further provides a multiple location dimming system
for controlling the power delivered to an electrical
load from an AC power source, comprising a plurality
of dimmers wired in parallel electrical connection.
Each dimmer operates independently or with the other
dimmers to control the amount of power delivered to
the electrical load and the dimmers communicate with
each other. Preferably, the dimmers communicate with
each other by adjusting a firing angle.  - 12 -
[0035JOther features and advantages of the present
invention will become apparent from the following
description of the invention that refers to the
accompanying drawings. BRIEF DESCRIPTION OF THE
DRAWINGS 



[00361For the purpose of illustrating the invention,
there is shown in the drawings a form, which is
presently preferred, it being understood, however,
that the invention is not limited to the precise
arrangements and instrumentalities shown. The
features and advantages of the present invention will
become apparent from the following description of the
invention that refers to the accompanying drawings,
in which: [0037]Fig. IA shows a prior art three-way
switch system, which includes two three-way switches;
[0038]Fig. 18 shows an example of a prior art
three-way dimmer switch system including one prior
art three-way dimmer switch and one three-way switch;
[0039]Fig. 1C shows a prior art four-way switching
system; 100401Fig. ID shows a prior art extended
four-way switching system; [0041]Fig_ 2 is a
simplified block diagram of a typical prior art
multiple location lighting control system; 



100421Fig. 3 shows the prior art user interface of
the dimmer switch of the multiple location lighting
control system of Fig. 2; [0043)Fig. 4A shows a prior
art three-way system having a smart three-way dimmer;
190441Fig. 48 shows another prior art three-way
system having a smart three-way dimmer;  WO
2007/149415PCT/US2007/014235 - 13 - [0046]Fig. 6 is a
simplified schematic diagram of a zero-crossing
detector of the 



dimmers of Fig. 5; [0047]Fig. 7 is a flowchart of a
zero-crossing procedure, which is executed by
controllers of the dimmers of Fig. 5; [0048]Fig. 8
.is ,a flowchart of the intensity level procedure,
which is executed by the controllers of the dimmers
of Fig. 5; [0049]Fig. 9 is a flowchart of a triac
firing procedure, which is executed by the
controllers of the dimmers of Fig. 5; [0050]Fig. 10
is a flowchart of an input monitor procedure, which
is executed by the controllers of the dimmers of Fig.
5; [0051]Fig. 11 is a simplified block diagram of a
multiple location dimming 



system having four smart dimmers, each having four
load terminals; [0052]Fig. 12 is a simplified block
diagram of a multiple location dimming system having
four smart dimmers, each having two load terminals;
[0053]Fig. 13 is a simplified block diagram of a
three-way dimming system including two smart
three-way dimmers according to another embodiment of
the present invention; [0054]Fig. 14 is a simplified
schematic diagram of a cunent sense circuit of the
smart three-way dimmers of Fig. 13; and [0055]Fig. 15
is a simplified block diagram of a multiple location
dimming system having three smart dimmers, each
having four load terminals and two current sense
circuits. DETAILED DESCRIPTION OF EMBODIMENTS OF THE
INVENTION 



WO 2007/149415PCT/US2007/014235 - 14 - drawings. For
the purposes of illustrating the invention, there is
shown in the drawings an embodiment that is presently
preferred, in which like numerals represent similar
parts throughout the several views of the drawings,
it being understood, however, that the invention is
not limited to the specific methods and
instrumentalities disclosed. [0051Fig. 5 is a
simplified block diagram of a three-way dimming
system 500 including two smart three-way dimmers
502A, 502B according to the present invention. The
dimmers 502A, 50213 are connected in series between
an AC voltage source 506 and a lighting load 508.
Note that the dimmers 502A, 5028 are identical in
structure, such that either of the dimmers 502A, 5028
could be coupled on the line-side or the load-side of
the Three-way system 500. The dimmers 502A, 5028
include hot terminals H1, H2 that are coupled to the
AC voltage source 506 and the lighting load 508,
respectively. A switched hot terminal Sill of the
first dimmer 502A is coupled to a dimmed hot terminal
DH2 of the second dimmer 502B. Similarly, a switched
hot terminal SH2 of the second dimmer 5028 is coupled
to a dimmed hot terminal DH1 ofthe first dimmer 502A.
The terminals Ill, 112, SH1, 5132, DH1, DH2 of the
dimmers 502A, 5028 may be screw terminals, insulated
wires or "flying leads", stab-in terminals, or other
suitable means of connecting the dimmer to the AC
voltage source 506 and the lighting load 508.
[0058]Since the dimmers 502A, 50213 are identical in
structure, only dimmer 502A will be described in
greater detail below. The components of dimmer 50233
have similar functions and similar reference numbers
to the corresponding components of dinuner 502A. The
dimmer 502A comprises a bidirectional semiconductor
switch 510A, which is coupled between the switched
hot terminal SH1 and the dimmed hot terminal DM. As
shown in Fig. 5, the dimmer 502A implements the
semiconductor switch as a tria.c. However, other
semiconductor switching circuits may be used, such
as, for example, two FETs in anti-series connection,
a FET in a bridge, or one or more insulated-gate
bipolar junction transistors (IGHTs). The Mac 510A
has a gate (or control input) that is coupled to a
gate drive circuit 512A. The dimmer 502A further
includes a controller 514A that is coupled to the
gate drive circuit 512A to control an on-time tag of
the triac 510A, i.e., the period of time that the
triac 510A conducts the load current, each
half-cycle. The controller 514A is preferably
implemented as a microcontroller, but may  WO
2007/149415PCTMS2007/014235 



- 15 - be any suitable processing device, such as a
programmable logic device (PLD), a microprocessor, or
an application specific integrated circuit (ASIC).
[00591A power supply 516A generates a DC voltage,
Vcc, to power The controller 514A. The power supply
516A is coupled across the triac 510A, i.e., from the
switched hot terminal 5111 to the dimmed hot terminal
DH1. The power supply 516A is able to charge by
drawing a charging current through the lighting load
508 when The triac 510A is not conducting and there
is a voltage potential developed across the dimmer
502A. [0060]The dimmer 502A further includes a
sensing circuit for sensing an electrical
characteristic of the dimmer. The electrical
characteristic may be a voltage developed across the
dimmer 502A or a load current conducted through the
dimmer. Specifically, the dimmer 502A comprises a
zero-crossing detector 518A, i.e., a voltage
monitoring circuit, which is coupled across the triac
510A. The zero-crossing detector 518A monitors the
voltage across a "dimmer voltage" across the
controllably conductive device 510A to determine the
zero-crossings of the input AC waveform from the AC
power supply 206. A zero-crossing is defined as the
time at which the AC supply voltage transitions from
positive to negative polarity, or from negative to
positive polarity, at the beginning of each
half-cycle. The zero-crossing information is provided
as an input to controller 514A. The controller 5I4A
provides the gate control signals to operate the
semiconductor switch 510A to provide voltage from the
AC power supply 506 to the lighting load 508 at
predetermined times relative to the zero-crossing
points of the AC waveform. 100611The controller 514A
uses forward phase control dimming (or leading edge
control dimming) to control the on-time toN of the
triac 510A and thus the intensity of the lighting
load 508. With forward phase control dimming, the
triac 510A is rendered conductive, i.e., Mimed on or
"fired", at some time, i.e., a phase angle, within
each AC line voltage half-cycle. The triac 510A
remains on until the next line voltage zero-crossing
at which time the triac is rendered non-conductive.
Forward phase control dimming is often used to
control energy to a resistive or inductive load,
which may include, for example, a magnetic
low-voltage transformer or an incandescent lamp.  WO
2007/149415PCT/U82007/014235 



- 16 - [00621Fig. 6 is a simplified schematic diagram
of the zero-crossing detector 518A. The AC terminals
of a full wave rectifier bridge 630 are coupled
between the hot terminal HI and the dimmer hot
terminal DH1, i.e., across the triac 510A. The
rectifier bridge 630 comprises four diodes 632, 634,
636, 638. The DC terminals of the rectifier bridge
630 are coupled across a photodiode 642 of an
optocoupler 640 and a resistor 650. A phototransistor
644 of the optocoupler 640 is responsive to the
photodiode 642. The control signal of the
zero-crossing detector 518A, i.e., the output to the
controller 514A, is provided at the junction of a
resistor 652 and the phototransistor 644. The output
of the controller 514A is coupled to the DC voltage
'Vcc of the power supply 516A through the resistor
652. When there is substantially no voltage developed
across the triac 510A, i.e., when the photodiode 642
is not forward biased, the output to the controller
5I4A is pulled up to a logic high level. When a
voltage is developed across the triac 510A, an input
current will flow through the photodiode 642 and the
resistor 650. Accordingly, the phototransistor 644
will pull the output down to a circuit common 654,
i.e., a logic low level. Thus, the control signal is
the logic low level for most of the half-cycle and
the logic high level at the zero-crossing. The
resistor 650 preferably has a substantially large
resistance, e.g., 56 ko, such that the magnitude of
the input current through the photodiode 642 is
small. [0063)A user interface 520A is coupled to the
controller 514A and to allow a user to determine a
desired lighting level (or state) of the lighting
load 508. The user interface 520A provides a
plurality of actuators for receiving inputs from a
user, e.g., including a toggle button and an
intensity actuator. In response to an actuation of
the toggle button, the controller 514A will toggle
the state of the lighting load 508 (i.e., from on to
off and vice versa) as will be described in greater
detail below. Further, the controller 514A will
adjust the intensity of the lighting load 508 in
response to an actuation of the intensity actuator.
The user interface 520A further provides a plurality
of status indicators, e g , LEDs, to provide feedback
to a user of the dimmer 502A. The status indicators
are preferably arranged to display an operating
characteristic of the dimmer 502A or the lighting
load 508. For example, the status indicators may be
arranged in a linear array (as shown in Fig. 3) to
display the intensity of the lighting load 508.  WO
2007/149415PCT/1152007/014235 - 17 - [00641The
dimmers 502A, 5028 include airgap switches 522A, 5228
coupled to 



the hot terminals HI, H2 (which are preferably
coupled to the AC power source 406 and the lighting
load 408, respectively). Accordingly, the airgap
switches 522A, 5223 are each coupled between the AC
power source 406 and the lighting load 408 such that
if either airgap switch 522A, 5223 is opened, current
is prevented from flowing through the lighting load
508. The dimmers 502A, 502B further comprise
inductors 524A, 5248, i.e., chokes, for providing
electromagnetic interference (EMI) filtering.
[0065]According to the present invention, the triacs
310A, 5103 of the dimmers 502A, 5028 are coupled in
parallel electrical connection between the AC source
506 and the lighting load 508. Only one of the triacs
510A, 510B will conduct the load current from the AC
source 506 to the lighting load 508 at any given
time. The dimmer 502A, 502B having the conducting
triac 510A, 5108 is consider to be in an "active"
mode. Accordingly, the dimmer 502A, 5023 that has the
triac 510A, 5103 that is not conducting current to
the lighting load 508 will be in a "passive" mode.
When the dimmer 502A, 5023 is in the active mode, the
respective controller 514A, 5I418 is operable to
control the on-time of the conducting triac 510A,
5108 to control the intensity of the lighting load
508. [0066]As used herein, when a first device and a
second device are coupled in "parallel electrical
connection", afirst path can be traced from the AC
source 506 to the lighting load 508 tough the first
device, wherein the first path does not pass through
the second device, and a second path can be traced
from the AC source to the lighting load through the
second device, wherein the second path does not pass
through the first device. Accordingly, other
electrical components may be coupled in series with
the first and second devices such that the first and
second devices are still fundamentally coupled in
parallel. For example, the inductors 524A, 524B may
be coupled in series with the triacs 510A, 510B,
respectively, such that the series combinations of
the inductors and the triacs are coupled in parallel.
Further, as used herein, first dimmer and second
dimmer that are coupled in "parallel electrical
connection" are coupled such that their controllably
conductive devices are coupled in parallel electrical
connection.  - 18 - [0067]When the first dimmer 502A
is in the passive mode, the first controller 514A
monitors the firing angle of the second triac 510B,
i.e., the present intensity of the lighting load 508,
by monitoring the output of the first zero-crossing
detector 518A. Accordingly, the first controller 514A
is operable to display the present lighting intensity
of the lighting load 508 on the status indicators of
the user interface 520A independent of whether the
controller is presently controlling the lighting
load. [0068]According to the present invention, the
dimmers 502A, 502B are operable 



to communicate with each other to "take control" of
the lighting load 508. When the dimmer 502A, 502B is
in the passive mode, the controller 502A, 502B is
operable to change from the passive mode to the
active mode to take control of the lighting load 508,
for example, in response to an actuation of a button
of the user interface 520A, 522B. To take control of
the lighting load 508, the controller 502A, 502B of
the dimmer 502A, 502B that is in the passive mode is
operable to fire the respective triac 510A, 510B just
before the triac of the dimmer that is in the active
mode. [0069]If the first dimmer 502A is in the active
mode and the second dimmer 502B is in the passive
mode, the first controller 514A is operable to
control the intensity of the lighting load 508 by
turning on the triac 510A at a first time during a
first half-cycle, e.g., approximately 5 msec after a
zero-crossing of the AC line voltage. Accordingly,
the triac 510A will conduct the load current for a
first on-time toil, of approximately 3 msec each
half-cycle. To take control of the lighting load, the
second controller 514B is operable to turn on the
second triac 510B at a second time during a second
subsequent half-cycle before the first controller
514A turns on the first triac 510A, for example,
approximately 4.9 msec after a zero-crossing of the
AC line voltage (i.e., such that a second on-time 612
of the second triac 510B is 3.1 msec). The first
controller 514A then determines that the second
controller 514B has fired the second triac 510B by
monitoring the output of the first zero-crossing
detector 518A. Specifically, the dimmer voltage
across the first triac 510A will be substantially
zero volts if the second controller 514B has fired
the second triac 510B. If the first controller 514A
determines that the second triac 510B has fired, the
first controller does not fire the first triac 510A
during the present half-cycle. Preferably, the second
controller 514B of the second dimmer 502B continues
to control the conduction time of the second triac
510B with the second on-time I .0N2 for a
predetermined amount of time, i.e., a predetermined
number of  WO 2007/149415PCT/US2007/014235 - 19 -
half-cycles, e.g., three (3) half-cycles. After the
predetermined amount of time, the second controller
5148 will control the second triac 510B to a desired
intensity level as determined from the input provided
by the second user interface 5228. [0070]Figs 7-10
show flowcharts of the software of the controller
514A, 514B for operating the dimmers 502A, 5028 in
the Three-way dimming system 500 according to the
present invention. The flowcharts will be described
with reference to the first controller 514A, even
though the second controller 5148 preferably executes
exactly the same software. [00711Fig. 7 is a
flowchart of a zero-crossing procedure 700, which is
preferably 



executed every half-cycle beginning at a
zero-crossing of AC voltage source 506 at step 710.
If the dimmer 502A is in the active mode at step 712,
a firing angle timer begins decreasing at step 714
with an initial value that corresponds to a desired
intensity level. The desired intensity level is
generated in response to a user input, for example,
from the user interface 520A and is stored in a
memory of the controller 514A When the firing angle
timer expires, a fire triac interrupt request (IRQ)
occurs. A triac firing procedure 900 is executed in
response to the fire triac IR.Q and will be described
in greater detail below, with reference to Fig. 9.
f0072)When the dimmer 502A is in the passive mode,
the first controller 514A determines the Thing angle
of the second triac 51013 of the second dimmer 50213
(which is in the active mode). Specifically, if the
dimmer 502A is not in the active mode, i.e., in The
passive mode, at step 712, a determination is made as
to whether the dimmer 502A is transitioning from the
passive mode to the active mode at step 716. If not,
an intensity level timer is started at step 718. The
intensity level timer increases in value with time
and is used by an intensity level procedure 800 to
calculate the firing angle of the second Irian 51013
of the second dimmer 5028. [00731Fig. 8 is a
flowchart of the intensity level procedure 800, which
is executed every half-cycle when the controller 514A
is in the passive mode in response to an intensity
level IRQ. The intensity level IRQ occurs at step 810
when the controller 514A has been signaled by the
zero-crossing detector 518A that the voltage across
the first triac 501A has fallen to substantially zero
volts. At step 812, the controller 514A saves the  WO
2007/149415PCT/U52007/014235 - 20 - value of the
intensity level timer in a memory of the controller.
At step 814, the controller 514A uses the value of
the intensity level timer, i.e., the firing angle of
the second triac 5108, to determine the amount of
power being delivered to the lighting load 508, i.e.,
the lighting intensity of the lighting load. The
controller 514A then uses the determined lighting
intensity of the lighting load 50810 illuminate one
or more of the status indicators of the user
interface 520A to provide the intensity of the
lighting 508 as feedback to a user at step 816 and
exits at step 818. [00741While the dimmer 502A is
transitioning from the passive mode to the 



active mode, the controller 514A will fire the first
triac 510A before the second triac 5108 of the second
dimmer 5028 for a predetermined number of
half-cycles. The controller 514A uses an advance
counter to keep track of how many half-cycles the
dimmer 502A has fired the first triac 510A before the
second triac 510B. Referring back to Fig. 7, if the
dimmer 502A is transitioning from the passive mode to
the active mode at step 716 and if the advance
counter is greater than zero at step 720, the
controller 514A decrements the advance counter by one
(1) at step 722. At step 724, the controller 514A
subtracts an advance constant, e.g., 100 usec, from
the calculated intensity level of the lighting load
508 (as determined in the light level procedure 800
shown in Fig. 8) to produce an advanced firing time.
Next, the controller 514A starts the firing angle
timer at step 726 using the advanced firing time from
step 724 and the procedure 700 exits at step 730. If
the advance counter has decreased to zero at step
720, the controller 514A enters the active mode at
step 728 and exits the zero-crossing procedure 700 at
step 730. [00751Fig. 9 is a flowchart of a triac
firing procedure 900, which the controller 514A
preferably executes once every half-cycle in response
to the fire triac interrupt request (IRQ) at step 910
when firing angle timer expires. The firing angle
timer is started at steps 714 and 726 of Fig. 7. If
the dimmer 502A is not ttansitioning to the active
mode at step 912, the controller 514A monitors the
output of the zero-crossing detector at step 914 to
determine if the dimmer voltage across the first
triac 510A is substantially zero volts, i.e., if the
second triac 510B is conductive. Ifthe second triac
510B is not conductive at step 916, the controller
514A simply fires the first triac 510A as normal at
step 918 and then exits at step 924. If the second
triac 510B is conductive at step 916, the controller
514A does not fire the triac 510A during the present
half-cycle. The controller  WO
2007/149415PCM1S2007/014235 - 21 - 514A changes to
the passive mode at step 920 and exits at step 924.
lithe dimmer 502A is transitioning to the active mode
at step 912, the controller 514A fires the triac 510A
at The advanced time to take control of the lighting
load 308 at step 922 and exits at step 924.
100761Fig. 10 is a flowchart of an input monitor
procedure 1000, which is preferably executed once
every half cycle and begins at step 1010. At step
1012, the controller 514A checks the inputs, for
example, inputs provided from the user interface
520A. If no inputs are received at step 1014, the
procedure 1000 simply exits at step 1022. Otherwise,
if the _dimmer 502A is in the passive mode at step
1015, the controller 514A begins to transition to the
active mode at step 1016. At step 1018, the
controller 514A initializes the advance counter to a
maximum advance counter value, e.g., three, such that
the controller fires the first triac 510A before the
second triac 51013 for three half-cycles while
transitioning to the active mode. Next, the
controller 514 processes the input accordingly at
step 1020 and exits at step 1022. [0077]While the
present invention has been described with reference
to the three- 



way dimming system 500 shown in Fig. 5, the present
invention is not limited to including only two
dimmers 502A, 50213. Fig. 11 is a simplified block
diagram of :a multiple location dimming system 1100
having four smart dimmers 11024, 110213, 1102C, 1102D
according to the present invention. Each dimmer
1102A, 110213, 1102C, 1102D has a controllably
conductive device, e.g., a triac 1110A, 111013,
1110C, 111013. The triacs 1110A, 1110B, 1110C, 11101)
are coupled in parallel electrical connection between
an AC power source 1106 and a lighting load 1108,
such that each triac is able to control the intensity
of the lighting load. As shown in Fig. 11, each
dimmer 1102A, 11028, 1102C, 1102D has four terminals
to allow for simple connection between the dimmers.
Each of the dimmers 1102A, 110213, 1102C, 1102D
includes a power supply (not shown), which is
operable to charge by drawing a charging current
through the lighting load 1108. Preferably, the
charging current of each power supply is
substantially small, such that the sum of the
charging currents of each of the power supplies is
not large enough the illuminate the lighting load
1108.  WO 2007/149415PCT/US2007/014235 - 22 - dimmers
are in the passive mode. As with the system 500 shown
in Fig,. 5, one of the dimmers 1102A, 110213, 1102C,
1102D in The passive mode may temporarily increase
the firing angle provided to the lighting load 1108
to take control of the lighting load. The present
invention is not limited to including only four
dimmers as shown in Fig. 11. Since the triacs of the
dimmers are provided in parallel electrical
connection, more dimmers can be added to the system
1100. 100791Fig. 12 is a simplified block diagram of
amultiple location dimming system 1200 having a
plurality of smart dimmers 1202A, 120213, 1202C,
1202D, each having only two terminals. Each dimmer
1202A, 120213, 1202C, 1202D has a controllably
conductive device, e.g., a triac 1210A, 121013,1210C,
1210D. The triacs 1210A, 12108, 1210C, 1210D are
coupled in parallel electrical connection between an
AC power source 1206 and a lighting load 1208, such
that each triac is able to control the intensity of
the lighting load. The dimmers 1202A, 12028, 1202C,
1202D operate in a similar fashion to the dimmers of
the other systems 500, 1100 described. 100801Fig. 13
is asimplified block diagram of a three-way dimming
system 1300 according to another embodiment of the
present invention. The system 1300 comprises two
dimmers 1302A, 130211 coupled between an AC power
source 1306 and a lighting load 1308 for individual
control of the amount of power delivered to the
lighting load. The dimmers 1302A, 1302B include
current sense circuits 1326A, 132613, which are
coupled in series with the switched hot terminals
SH1, SH2, respectively, and both provide a control
signal to a controller 1314A. When the dimmers 1302A,
13028 are in the passive mode, the current sense
circuit 1326A, 113268 provide control signals
representative of the firing angle of the triac 510A,
51013 in the other triac. For example, when first
dimmer 1302A is in-the passive mode, the first
current sense circuit 1326A is operable to sense the
rising edge of the load current through The switched
hot terminal Si when the second triac 510B fires.
Even though the flowcharts of the software executed
by the controller 1314A are not shown in the present
application, the controller logic for this embodiment
is substantially similar to the flowcharts shown in
Figs. 7 - 10. 



100811Fig. 14 is a simplified schematic diagram of
the current sense circuit 1326A. The current sense
circuit 1326A includes a current sense transformer
1430 that  WO 2007/149415PCT/US2007/014235 -23 - has
a primary winding coupled in series between the
switched hot terminal Sill and the junction of the
triac 510A and the inductor 524A The current sense
transformer 1430 only operates above a minimum
operating frequency, such That current only flows in
the secondary winding when the current waveform
through the primary winding has a frequency above the
minimum operating frequency. Preferably, the current
sense transformer 1430 detects the rising edge of the
load current through the second triac 510B of the
second dimmer 50213. Since the load current will
increase very quickly when the second triac 510B
fires (i.e., the load current has a high-frequency
component), a current will flow in the secondary
winding of the current sense transformer when the
second triac 51011 fires. [0082]The secondary winding
of the current sense transformer 1430 is coupled
across a resistor 1432. The resistor 1432 is further
coupled between circuit common and the negative input
of a comparator 1434. A reference voltage is produced
by a voltage divider comprising two resistors 1436,
1438 and is provided to the positive input of the
comparator 1434. The output of the comparator 1434 is
tied to the DC voltage Vcc of the power supply 516A
through aresistor 1440 and is coupled to the
controller 1314A When current flows through the
secondary.winding of the current sense transformer
1430, a voltage is produced across the resistor 1432
that exceeds the reference voltage. The comparator
1434 Then drives the output low, signaling to the
controller 1314A that current has been sensed.
Alternatively, the current detect circuit 1326A may
be implemented using an operational amplifier or a
discrete circuit comprising one or more transistors
rather than the comparator 1434. 100831Fig. 15 is a
simplified block diagram of another multiple location
dimming system 1500. The system 1500 comprises a
plurality of dimmers 1502A, 15028, 1502C coupled
between an AC source 1506 and a lighting load 1508.
Each of the dimmers 1502A, 150213, 1502C comprises a
triac 1510A, 1510B, 1510C operable to control the
amount of power delivered to the lighting load 1508.
Since the dimmers 1502A, 150233, . 1502C each
comprise four load terminals, each of the dimmers
comprises a first current sense circuit 1526A, 15268,
1526C and a second current sense circuit 1528A,
152813, 1528C, respectively., Each of the first and
second current sense circuits is responsive to 



the rising edge of the load current flowing through
the respective current sense circuit.  WO
2007/149415PCT/US2007/014235 - 24 - For example, the
dimmer 15028 is operable to sense the firing angle of
the load current through the triac 1510A through the
second current sense circuit 15288 or the load
current through the triac 1510C through the first
current sense circuit 1526B. [0084]Although the words
"device" and "unit" have been used to describe the
elements of the dimming systems of the present
invention, it should be noted That each "device" and
"unit" described herein need not be fully contained
in a single enclosure or structure. For example, the
dimmer 502A of Fig.. 5 may comprise a plurality of
buttons in a wall-mounted enclosure and a controller
that is included in a separate location. Also, one
"device" may be contained in another "device". For
example, the semiconductor switch (i.e., the
controllably conductive device) is a part of the
dimmer of the present invention. [0085]Although the
present invention has been described in relation to
particular embodiments thereof, many other variations
and modifications and other uses will become apparent
to those skilled in the art. Therefore, the present
invention should not be limited by the specific
disclosure herein.  



-25- What is claimed is: CLAIMS 1.A multiple location
dimming system for controlling an amount of power
delivered to an electrical load from an AC power
source, the system comprising:             a first
dimmer coupled between the AC power source and the
electrical load, the first dimmer comprising a first
controllably conductive device for controlling the
amount of power delivered to the electrical load, and
a first controller coupled to the first controllably
conductive device for control of the first
controllably conductive device, the first controller
operable to monitor a first electrical characteristic
of the first dimmer; and             a second dimmer
coupled between the AC power source and the
electrical load, the second dimmer comprising a
second controllably conductive device for controlling
the amount of power delivered to the electrical load,
and a second controller coupled to the second
controllably conductive device for control of the
second controllably conductive device, the second
controller operable to monitor a second electrical
characteristic of the second dimmer, the second
dimmer coupled to the first dimmer such that the
first controllably conductive device is coupled in
parallel electrical connection with the second
controllably conductive device, the parallel
combination of the first and second controllably
conductive devices coupled in series electrical
connection between the AC power source and the
electrical load; wherein the first controller is
operable to render the first controllably  



-26- conductive device conductive at a first time
during a first half-cycle of the AC power source, the
second controller operable to determine the first
time in response to the second electrical
characteristic and to render the second controllably
conductive device conductive at a second time before
the first time during a second subsequent half-cycle,
the first controller operable to determine whether
the second controller has rendered the second
controllably conductive device conductive before the
first time during the second half-cycle, and to
render the first controllably conductive device
non-conductive in response to the second controller
rendering the second controllably conductive device
conductive at the second time during the second
half-cycle.             2. The system of claim 1,
wherein the first and second electrical
characteristics comprise first and second dimmer
voltages developed across the first and second
controllably conductive devices, respectively.
3. The system of claim 1, wherein the second
controller is operable to render the second
controllably conductive device conductive at the
second time for a predetermined number of half-cycles
after the first half-cycle.              4. The
system of claim 1, wherein the second dimmer further
comprises an actuator, the second controller operable
to render the second controllably conductive device
conductive at the second time in response to an
actuation of the actuator.              5. The system
of claim 1, wherein the second dimmer further
comprises a status indicator coupled to the second
controller, the second controller operable to control
the status indicator in response to the first time.
-27-              6. The system of claim 2, wherein
the first controller is operable 



to determine whether the first dimmer voltage is a
substantially low voltage at approximately the first
time.              7. The system of claim 6, wherein
the first controller is operable to determine whether
the first dimmer voltage is a substantially low
voltage before the first time, and to determine
whether to render the first controllably conductive
device conductive in response to the determination as
to whether the first dimmer voltage is a
substantially low voltage.              8. The system
of claim 1, wherein the first electrical
characteristic comprises a second load current
conducted through the second controllably conductive
device, and the second electrical characteristic
comprises a first load current conducted through the
first controllably conductive device.  -28-
9. The system of claim 8, wherein the first dimmer
comprises a first current sense circuit operable to
conduct the second load current and the second dimmer
comprises a second current sense circuit operable to
conduct the first load current.              10. The
system of claim 8, wherein the first controller is
operable to render the first controllably conductive
device conductive at the first time during each
half-cycle of the AC power source and the second
controller is operable to determine the first time in
response to the second load current.              11.
The system of claim 1, wherein the first and second 



controllably conductive devices comprise
bidirectional semiconductor switches.
12. The system of claim 11, wherein the bidirectional
semiconductor switches each comprise a triac.
13. The system of claim 11, wherein the bidirectional
semiconductor switches each comprise two field-effect
transistors in anti-series connection.
14. The system of claim 1, further comprising:
a plurality of dimmers, each having a controllably
conductive device, the controllably conductive
devices of the plurality of dimmers coupled in
parallel electrical connection.              15. The
system of claim 1  -29-            wherein only one
of the first and the second controllably conductive
devices is operable to conduct the load current at a
given time.  



-30- 16.A load control device for controlling an
amount of power delivered to an electrical load from
an AC power source, the load control device
comprising:              a first controllably
conductive device coupled in series electrical
connection between the AC power source and the
electrical load for controlling the amount of power
delivered to the load, the first controllably
conductive device having a control input;
a sensing circuit operable to provide a control
signal representative of a first electrical
characteristic of the load control device; and
a first controller coupled to the control input of
the first controllably conductive device and operable
to receive the control signal from the sensing
circuit;              wherein the load control device
is adapted to be coupled to a second load control
device having a second controllably conductive
device, the second controllably conductive device
coupled in parallel electrical connection with the
first controllably conductive device, the second
controllably conductive device rendered conductive at
a first time during a first half-cycle, the first
controller operable to determine the first time
during the first half-cycle in response to the
control signal from the sensing circuit, and to
render the first controllably conductive device
conductive at a second time before the first time
during a second subsequent half- cycle.  



17. The load control device of claim 16, wherein the
first controller is operable to render the first
controllably conductive device conductive at the
second time for a predetermined number of half-cycles
after the first half-cycle.              18. The load
control device of claim 17, wherein the first
controller is operable to render the first
controllably conductive device conductive at a third
time each half-cycle after the predetermined number
of half-cycles.  19. The load control device of claim
16, further comprising: an actuator operatively
coupled to the first controller;             wherein
the first controller is operable to render the first
controllably conductive device conductive at the
second time in response to an actuation of the
actuator.               20. The load control device
of claim 16, wherein the first controller is operable
to determine, immediately before rendering the first
controllably conductive device conductive at the
first time, whether the second controller has
rendered the second controllably conductive device
conductive.               21. The load control device
of claim 20, wherein the first controller is operable
to render the first controllably conductive device
non-conductive in response to the second controller
rendering the second controllably conductive device
conductive before the first time during a first
half-cycle. 



22. The load control device of claim 21, wherein the
first controller is operable to continue to render
the first controllably conductive device
nonconductive each half-cycle after the first
half-cycle.  -32-             23. The load control
device of claim 16, wherein the first controller is
further operable to determine, in response to the
control signal from the sensing circuit, the amount
of power being delivered to the electrical load 24.
The load control device of claim 23, further
comprising: a status indicator operatively coupled to
the first controller; wherein the first controller
controls the status indicator in response to the
determination of the amount of power being delivered
to the electrical load.              25. The load
control device of claim 24, wherein the electrical
load comprises a lighting load having an intensity
dependent upon the amount of power delivered to the
lighting load.              26. The load control
device of claim 16, wherein the sensing circuit
comprises a voltage monitoring circuit operable to
provide a control signal representative of a voltage
developed across the first controllably conductive
device. 



27. The load control device of claim 26, wherein the
control signal is representative of a zero-crossing
of the AC power source.              28. The load
control device of claim 26, wherein the first
controller is operable to render the first
controllably conductive device conductive at the
second time during the second half-cycle in response
to the voltage across the first controllably
conductive device.              29. The load control
device of claim 16, wherein the sensing circuit
comprises a current sense circuit operable to provide
a control signal representative of a load current
conducted through the second controllably conductive.
30. The load control device of claim 29, wherein the
control signal is representative of a rising edge of
the load current.             31. The load control
device of claim 29, wherein the first controller is
operable to render the first controllably conductive
device conductive at the second time during the
second half-cycle in response to the load current.
32. The load control device of claim 16, wherein the
controllably conductive device comprises a
bidirectional semiconductor switch. 



33. The load control device of claim 32, wherein the
bidirectional semiconductor switch comprises a triac.
34. The load control device of claim 32, wherein the
bidirectional semiconductor switch comprises two
field-effect transistors in anti-series connection.
35. A method of controlling an amount of power
delivered to an electrical load from an AC power
source, the method comprising the steps of:
coupling a first controllably conductive device
between the AC power source and the electrical load;
coupling a second controllably conductive device
between the AC power source and the electrical load
and in parallel electrical connection with the first
controllably conductive device;
controlling the first controllably conductive device
to be conductive for at a first time during a first
half-cycle of the AC power source; monitoring an
electrical characteristic; detailtinimg the first
time in response to the step of monitoring the  -34- 



electrical characteristic;             rendering the
second controllably conductive device conductive at a
second time before the first time during a second
subsequent half-cycle; and             rendering the
first controllably conductive device non-conductive
in response to the step of rendering the second
controllably conductive device conductive.
36. The method of claim 35, wherein the electrical
characteristic comprises a second voltage across the
second controllably conductive device.        37. The
method of claim 36, further comprising the steps of:
monitoring a first voltage across the first
controllably conductive device during the first
half-cycle;             determining whether the
second controllably conductive device is conductive
during the first half-cycle; and
rendering the first controllably conductive device
non-conductive during the first half-cycle in
response to the step of determining that the second
controllably conductive device is conductive.
38. The method of claim 37, further comprising the
step of: controlling the second controllably
conductive device to be conductive at the second time
for a predetermined number of half-cycles after the
first half-cycle.         39. The method of claim 36,
further comprising the step of: 



receiving an input from a user interface prior to the
step of rendering the second controllably conductive
device conductive at the second time.  -35-
40. The method of claim 35, wherein the electrical
characteristic comprises a load current through the
first controllably conductive device.       41. The
method of claim 37, further comprising the step of:
determining if the first voltage is a substantially
low voltage at approximately the first time.
42. The method of claim 41, further comprising the
steps of: determining if the first voltage is a
substantially low voltage immediately before the
first time; and              determining whether to
render the first controllably conductive device
conductive in response to the step of determining if
the first voltage is a substantially low voltage.
43. The method of claim 35, further comprising the
step of: controlling a status indicator in response
to the step of determining the first time.
44. A method of controlling an amount of power
delivered to an electrical load from an AC power
source, the method comprising the steps of:
coupling a first controllably conductive device
between the AC power source and the electrical load; 



coupling a second controllably conductive device
between the AC power source and the electrical load
and in parallel electrical connection with the first
controllably conductive device; controlling the first
controllably conductive device to be conductive for
-36- a first period of time during a first half-cycle
of the AC power source; monitoring a first voltage
across the first controllably conductive device; and
determining the first period of time in response to
the step of monitoring the second voltage;
rendering the second controllably conductive device
conductive for a second period of time greater than
the first period of time; and              rendering
the first controllably conductive device
non-conductive in response to the step of rendering
the second controllably conductive device.
45.The system of claim 2, wherein the first dimmer
comprises a first voltage monitor circuit for
generating a first control signal representative of
the magnitude of the first dimmer voltage, and the
second dimmer comprises a second voltage monitor
circuit for generating a second control signal
representative of the magnitude of the second dimmer
voltage. 


