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100021The present invention relates to multiple location load control
systems having multiple smart load control devices, and more particularly,
a multiple location dimming system that includes a smart dimmer and one
or more remote dimmers fﬁr controll(i];ﬁ the amount of power delivered to a

lighting Ioad,\M}&‘gIgﬂ‘Eflt & AN AR COTHRRE ferdtEMimmers are

operable to display a present intensity level of the lighting load on a visual
indicator. Description of the Related Art 10003]Three-way and four-way
switch systems for use in controlling electrical loads, such as lighting
loads, are known in the art. Typically, the switches are coupled together in
series electrical connection between an alternating-current (AC) power

BA @Ig(ﬂﬁgﬁ&;ug?wﬁ@ﬁ switches are subjected to an AC source

\?giletage and carry full foad current between the AC power source and the
lighting load, as opposed to low-voltage switch

Related Applications

[0001] This application claims priority from commonly-assigned U.S. Provisional
Application Serial No. 60/925,782, filed April 23, 2007, and U.S. Provisional Application
Serial No. 61/016,027, filed December 21, 2007, both entitled MULTIPLE LOCATION
LOAD CONTROL SYSTEM. The entire disclosures of both applications are hereby

incorporated by reference.

Field of the Invention

{0002] The present invention relates to multiple location load control systems having
multiple smart load control devices, and more particularly, a multiple location dimming
system that includes a smart dimmer and one or more remote dimmers for controlling the
amount of power delivered to a lighting load, where all of the smart dimmers and the remote
dimmers are operable to display a present intensity level of the lighting load on a visual

indicator.

Description of the Related Art

[0003]) Three-way and four-way switch systems for use in controlling electrical loads,
such as lighting loads, are known in the art. Typically, the switches are coupled together in
series electrical connection between an alternating-current (AC) power source and the
lighting load. The switches are subjected to an AC source voltage and carry full load current

between the AC power source and the lighting load, as opposed to low-voltage switch




WO 20081133879PCT/1JS2008/005187 2 systems that operate at low
voltage and low current, and communicate digital commands (usually
lowswe iaga Iagic levels) to a remote controller that controls thedeysl0fshbs187
power delivered to the load in responsezto 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. [0004]A
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referred to herein as a "four-way switch". 100061In a typical, prior art
Uffee-way switch system, two three-way switches control a single lighting
load, and each switch is fully operable to independently control the load,
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three-way switches 102, 104. The switches 102, 104 are connected
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switches 102, 104 each include "movable" (or common) contacts, which
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[0007] Fig. 1A shows a standard three-way switch system 100, which includes two
three-way switches 102, 104. The switches 102, 104 are connected between an AC power
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 power 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 A in 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.




WO 20081133879PCT/ES2008/005187 3 [0008]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

thre&Q28p#1330ARr switch 152 and one three-way switch 104 is BETBA0#8/005187

Fig. 1B. The three-way dimmer switch 152 includes a dimmer circuit 152A

and a three-way switch 1528. A typical, AC phase-control dimmer circuit

I52A regulates the amount of energy supplied to the lighting load 108 by
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system, the other three-way switch must be wired at theioa side Of the
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plurality of four-way switches 185. As’shown, any n our-way

clegiiterbsséanpteskbrivierIdhBdars thenhrashfay switches 102, 104 to
enable multiple location control of the lighting load 108.
[0010] 'Fig. 1C 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 A2 and node B1 is
connected to node B2Z. 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 B2 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.




100121 Multiple location dimming systems employing a smart dimmer and

one or more specially-designed remote (or "accessory") dimmers have

been developed. The remote dimmers permit the intensity level of the

lightthQ 18%d ¥ Be adjusted from multiple locations. A smart difRFFérS0ee5187

that includes a microcontroller or other 5rocessing 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 includea
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(081§} a ricrogopitaliag. Thus.diE-iameE Wi@ﬁi%ﬁ%ﬁ&ﬂ&%@pﬁ\%ﬂ%ﬁ@s,

the advanced set of features of a smart dimmer to the end user.
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[0014] 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 AC power source 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.

{0015} Fig. 2 shows an example multiple location lighting control system 200
including one wall-mountable smart dimmer 202 and one wall-mountable remote dimmer
204. The dimmer 202 has a hot (H) terminal for receipt of an AC source voltage provided by
an AC power source 206, and a dimmed-hot (DH) terminal for providing a dimmed-hot (or

phase-controlled) voltage to a lighting load 208. The remote dimmer 204 is connected in




raising, lowering, and toggling on/off the light intensity level of the lighting

load 208. The dimmer 202 is responsive to actuation of any of these

actuators to alter the intensity level or to power the lighting load 208 on/off
accof@rdy ¥ Farticular, an actuation of an actuator at the rer&tEUS2008/005187
dimmer 204 causes an AC control signal, or partially rectified AC control
signal, to be communicated from that remote dimmer 204 to the dimmer

202 over the wiring between the accessory dimmer (AD) terminal of the
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or toggle the load 208 on/off. Thus, the load can be fully controlled from
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intensity level, which may be the lowest visible intensity, but which may be
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substantially 100%. Light intensity level is typically expressed as a percent
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terminal Hand the dimmed-hot terminal DH, to control the current
deRrerIghoRIoY eRub thghgRERBhsity of, the lighting load 208. The
semiconductor switch 420 has a control input (or gate), which is
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8 generates a DC output voltage Vcc to power the microcoritroller 426.
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zero-crossings of the input AC supply voltage from the AC power supply
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semiconductor switch 420 to provide voltage from the AC power source

206 to the lighting load 208 at predetermined times relative to the

zero-crossing points of the AC waveform.




[0022]Generally, two techniques are used for controlling the power

supplied to the lighting load 208: forward phase control dimming and

reverse phase control dimming. In forward phase control dimming, the
semtBAMEAEE8witch 420 is turned on at some point within ea®&TESA#005187
voltage half-cycle and remains on until the next voltage zero-crossing.
Forward phase control dimming is often used to control energy to a

resistive or inductive load, which may include, for example, a magnetic
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lower portion , respectively, of the Int ty selection actuator
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detector 432. The action of switches T', R', and L" in'the remote dimmer
lzgqvdseieBRy iR ueetier ssaoRlBf sMrsts PrRY g RISHETRIPhaR 202.

inkdRealsineaihademete gdirpes4R dagsnotiaventdbRfudg eadhack is

can be _ : .
turned on at the zero-crossing of the AC line voltage and turned off at some point within each

half-cycle of the AC line voltage. Reverse phase control is often used to control energy to a
capacitive load, which may include, for example, an electronic low-voltage transformer.

Since the semiconductor switch 420 must be conductive at the beginning of the half-cycle,




provided to a user at the remote dimmer 204. Therefore there is a need

for multiple location dimming system in which the remote devices include
visual displays for providing feedback to a user, WO

2008/2 3¥8/191811/1J52008/005187 8 SUMMARY OF THE INVAEF/PRaNN8/005187
[00271According to an embodiment of the present invention, a multiple
location load control system for controlling an amount of power delivered

to an electrical load from an AC power source comprises a main load
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copERMed vt ARPFAREICSOUS AKHAHBRATAN GAGB arfapretish eficthe
inepsitablig-ttsonduabagia.load current from the AC power source to the
electrical load. The remote load control device comprises a power supply
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through an accessory wiring. The main load control device is operable to
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invention, a multiple location load control system for controlling an amount
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adapted to be coupled to the line-side terminal and to the accessory
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the accessory terminal of the main load control device. The line-side and
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main load control device operable to enable a first charging path to allow
fropagemeteJeRRIgOnh ERTRISSTH! ROhoTd eEmOE B HiRsIngRstR durther set
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AC power, source, an enable a second charging path to allow th
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load control device adapted for use in a load control system having a
thedgipeée dimmer 204 corresponds to the action of switches T, R, and L in the dimmer 202.
[0626] Since the remote dimmer 204 does not have LEDs, no feedback can be
provided to a user at the remote dimmer 204. Therefore there is a need for multiple location
dimming system in which the remote devices include visual displays for providing feedback

to a user.




control device and for controlling an amount of power delivered to an
electrical load from an AC power source is also described herein. The
load control device comprises an accessory terminal adapted to be
couDiBAWE € Temote control device, a charging path for allovfifiy/ Hija 08/005187
remote control device to draw current through the accessory terminal, a
transceiver operable to transmit and receive digital messages via the
accessory terminal, and a controller coupled to the charging path and the
SUMNARY OF FAE IDNMENEF Wntrols the charging path to allow the remote
control device to draw current through the accessory terminal during a first
[0837k periodieactiinglfeayctanbbdirecAl Pbo/presinitoserdivg,teamshijis &dtion load
cofBePURRANBAIBIALTAS SAYRD VIR PFRARE RAVEIAANALEHIN0 5,596 h AC

time period each half-cycle of the AC power source. [00301According to
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conductive, the power supply Is operable to provide the supply voltage at
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load control device adapted for use in a load control system for controlling
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controller is operable to transmit and receive the digital message during a

second time period of the half-cycle. [0032]A method of controlling an

amount of power delivered to an electrical load from an AC power source

in a load control system including a main load control device and a remote

load control device comprises the steps of: (1) charging a power supply of
the remote lnad control device from the cirinnhyy vvaltane diirina a2 firet fime
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remote load control device during a second half-cycle immediately

following the first half-cycle. 100341A load control device adapted for use

in aYsAPEBRAGP system, which is operable to control an amouREBISEREP0S187

delivered to an electrical load from an AC power source, and comprises a

line-side remote control device coupled to the AC power source and a
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power source and the electrical load, while the accessory terminal is

regIQi5RBMIeR) BeY P A WS BIeER thR dAERIeRETdETmiRtbte EsHfwY er operable

todRIIGAE- aﬁmeebémaﬁgmahs@ag@nd uEQccsdtel taanipletddaivendneupled
first ?F:’ld secorg%lo(f rmlnals s h tha ttffee bldlrecitl?ﬁlal semiconducto

todRitcifigbpe? r?f]réiefhg povfe?o IRVEE SIS RS IS Relty o rlow
theoertroltamigropéreativédydcovplectibtbroagittbk |ml$sof)thetbldaielmmgad first tlme

pm'&%%ﬁt%&wmé%?mp poLibe Ridirestignalsg fﬂ%&%&‘!ﬁé‘lﬁ Siyitch
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pdhereadeside remote control device during positive half-cycles, and to
communicate digital messages with the line-side remote control device
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coupling a load-side remote load control device to dimmed
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Ine-side remote load control device during a second half-cycle
Tﬁ‘ﬁ MQ%BPMWGWWW?@WB{W&]M%I@MW output operatively coupled to the

a@&%%ﬂﬁ@@&’@?ﬂ%@@@?Z&&d@%ﬁ&@&@@bf Q@éﬁﬁ@&@?ﬂ termmal during a
advanta ngs of the present.invention Ff‘\%IHII become apn arent fr

SYOIRAVHPRY BRRSiptiRh BPeRE YRU S RS R Brar ’[oafher%:c?é\éemp%ﬁl f“essages via

tlérawisgsy terminal during a communication time period each half-cycle of the AC power
source. The first switching circuit is coupled to the load-side load terminal, such that when
the first switching circuit is conductive, the power supply is operable to provide the supply
voltage at the accessory terminal and the transceiver is operable to transmit and receive
digital messages via the accessory terminal during positive half-cycles. The second
switching circuit is coupled to the line-side load terminal, such that when the second
switching circuit is conductive, the power supply is operable to provide the supply voltage at
the accessory terminal and the transceiver is operable to transmit and receive digital messages

via the accessory terminal during the negative half-cycles. The controller is operatively




BRIEF DESCRIPTION OF THE DRAWINGS [0037]For 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
limit&PRPPE3EFECise arrangements and instrumentalities showRCT/EH§2008/005187
features and advantages of the presenttfhvention will become apparent

from the following description of the invention that refers to the

accompanying drawings, in which: [0038]Fig. IA shows a prior art
cqhpled-taledivitcnd ystend swhitingcivdiés fovecactvelyaynsigieh g first and

sdRUGGKHE Shaws AdaTinla PLapignaibiiesvay dimmer switch

system including one prior art three-way dimmer switch and one
T ot 16 SRS TP R oAy ShREA ! sysem
fosyworemllibgGd2iteigntdfpaensindplifiectbiock disngrianh lotdftgpical pfiqroarr scurce
N T T o
MERIRTE ~ Suhe RespRITIRITI pIRl I cantplirg RrAG Eahtrenunleddmtbs tagseiver for
transmitting and receiving the digital messages via the accessory terminal, and power supply
coupled to the accessory terminal for receiving a supply voltage and generating a
substantially low-magnitude DC voltage for powering the controller. The power supply is
operable to charge from the supply voltage during a first time period of a half-cycle of the
AC power source, and the controller is operable to transmit and receive the digital message

during a second time period of the half-cycle.

[6032] A method of controlling an amount of power delivered to an electrical load
from an AC power source in a load control system including a main load control device and a
remote load control device comprises the steps of: (1) charging a power supply of the remote
load control device from the supply voltage during a first time period of a half-cycle of the
AC power source; and (2) communicating digital messages between the main load control

device and the remote load control device during a second time period of the half-cycle.

[0033] According to another aspect of the present invention, a multiple location load
control system for controlling an amount of power delivered to an electrical load from an AC
power source comprises a main load control device, a line-side remote load control device,
and a load-side remote load control device. The main load control device has a hot terminal
adapted to be coupled to the AC power source, a dimmed hot terminal adapted to be coupled
to the electrical load, and an accessory terminal. The line-side remote load control device is
adapted to be coupled to the hot terminal and to the accessory terminal of the main load
control device, while the load-side remote load control device is adapted to be coupled to the
dimmed hot terminal and to the accessory terminal of the main load control device. The
accessory terminal of the main load control device is coupled to the line-side remote Joad
control device and the load-side remote load control device through an accessory wiring. The
main load control device operaﬁie to transmit and receive digital messages with the load-side

remote load control device during a first half-cycle, and to transmit and receive digital




100441Fig. 4 is a simplified block diagram of the dimmer switch and the
remote switch of the multiple location lighting control system of Fig. 2;
[0045]Fig. 5 is a simplified block diagram of a multiple location dimming
syst®f Wa¥EeEZ® main dimmer and two remote dimmers accordifd/E$H08/005187
first embodiment of the present inventioll; 100461Fig. 6 is a perspective
view of a user interface of the main dimmer and the remote dimmers of
the system of Fig. 5; WO 200R1133879PCT/US2008/005187 13
NGeABIFTHBths Hnshyigdifierdose hatheeiediadpens dznsgrsesanghhil Eivrelit of
iR AALNHMBRL Ot 8rsf niRRARIEIQ. 9 is a simplified diagram of a

transceiver of the main dimmer of Fig. 7; [00501Fig. 10 is a simplified
[(ﬁfﬂ?maﬂc d‘fl\? %ra co%r%YVcste%Qci:g%cfggggdt?o%gg?nrarl]fggd control system, which is
operable to control an amount of power delivered to an electrical load from an AC power
source, and comprises a line-side remote control device coupled to the AC power source and
a load-side remote control device coupled to the electrical load, is also described herein. The
load control device comprises first and second load terminals, an accessory terminal, a
bidirectional semiconductor switch, a controller, and a transceiver. The first and second load
terminals are adapted to be coupled in series electrical connection between the AC power
source and the electrical load, while the accessory terminal is adapted to be coupled to the
line-side and load-side remote control devices. The bidirectional semiconductor switch is
coupled between the first and second load terminals, such that the bidirectional
semiconductor switch is operable to control the power delivered to the electrical load. The
controller is operatively coupled to a control input of the bidirectional semiconductor switch
for rendering the bidirectional semiconductor switch conductive and non-conductive. The
transceiver is coupled to the accessory terminal, and is operable to communicate digital
messages with the load-side remote control device during positive half-cycles, and to
communicate digital messages with the line-side remote control device during negative haif-

cycles.

[0035] A method of controlling an amount of power delivered to an electrical load
from an AC power source comprises the steps of: (1) coupling a main load control device in
series electrical connection between the AC power source and the electrical load, the main
load control device having a hot terminal adapted to be coupled to the AC power source, a
dimmed hot terminal adapted to be coupled to the electrical load, and an accessory terminal;
(2) coupling a line-side remote load control device to the hot terminal of the main load
control device; (3) coupling a load-side remote load control device to the dimmed hot
terminal of the main load control device; (4) coupling the accessory terminal of the main load
control device to the line-side remote device and the load-side remote device through an
accessory wiring; (5) communicating digital messages between the main load control device
and the load-side remote load control device during a first half-cycle; and (6) communicating
digital messages between the main load control device and the line-side remote load control

device during a second half-cycle immediately following the first half-cycle.




dimmer of Fig. 7; 100511Fig. 11 is a simplified block diagram of the
remote dimmers of the system of Fig. 5; and [0052]Fig. 12 is a timing
diagram of a complete line cycle of an AC voltage waveform detailing the
opeYHaW B system of Fig. 5. [0053]Figs. I3A and 13B are RGifghfiedg/005187
flowcharts of a load-side multi-location Eontrol procedure and a line-side
multi-location control procedure, respectively, executed by a controller of
the main dimmer of Fig. 7; 10054]Figs. 14A and 14B are simplified

083 charts Erlaetderhsriarbadivaniigetivrihoptsmbindeationevgifipecome apparent
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line-side multi-location control procedures of Figs. 13A and 13
100551Figs. 15A and 15B are simplified flowcharts of a load-side RX

Bmﬁ%g&@#w@p%@mectwely executed during the

load-side and line-side communication routines of Figs. 14A and 148;
6]F|gs£16A and 16B are I|f|e flowcharts S|de T utine
(088 = o YRS LSRR BHEE BB R 0 o e 2
fOHnevehdé mmﬁmﬂwmﬁmuﬁ@wtﬁ@ﬁﬂzﬁ lrweE 148 that the mventwn 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:

[0038] Fig. 1A shows a prior art three-way switch system, which includes two

three-way switches;

[0039] Fig. 1B 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;

{0040} Fig. 1C shows a prior art four-way switching system;
[0041) Fig. 1D shows a prior art extended four-way switching system;
[0042] Fig. 2 is a simplified block diagram of a typical prior art multiple location

lighting control system having a dimmer switch and a remote switch;

[0043) Fig. 3 is a front view of a user interface of the dimmer switch of the multiple

location lighting control system of Fig. 2;

[0044) Fig. 4 is a simplified block diagram of the dimmer switch and the remote
switch of the multiple location lighting control system of Fig. 2;

[0045] Fig. 5 is a simplified block diagram of a multiple location dimming system
having a main dimmer and two remote dimmers according to a first embodiment of the

present invention;

[0046) Fig. 6 is a perspective view of a user interface of the main dimmer and the

remote dimmers of the system of Fig. 5;

{0047} Fig. 7 is a simplified block diagram of the main dimmer of the system of Fig.
5




100571Fig. 17 is a simplified flowchart of a user interface procedure
executed by the controller of the main dimmer of Fig. 7; [0058]Fig. 18 is a
simplified flowchart of an Idle routine of the user interface procedure of
Fig MO 2008/8388081133879PCT/US2008/005187 14 [0060)Figk SFlig2408/005187
simplified flowchart of a Release routin® of the user interface procedure of
Fig. 17; [0061]Fig. 21 is a simplified flowchart of a RX buffer procedure
executed by the controller of the main dimmer of Fig. 7; [0062]Fig. 22 is a
YRl plified fdsréHan smpiifalisRieanyn Y ofa cumsre Bnibciadt pfthe main
dimenrtrelierg. of the remote dimmers of Fig. 11;

[0049] Fig. 9 is a simplified diagram of a transceiver of the main dimmer of Fig. 7,

[0050] Fig. 10 is a simplified schematic diagram of switching circuits of the main

dimmer of Fig. 7,

[0051] Fig. 11 is a simplified block diagram of the remote dimmers of the system of
Fig. 5; and
[0052} Fig. 12 is a timing diagram of a complete line cycle of an AC voltage

waveform detailing the operation of the system of Fig. 5.

[0053] Figs. 13A and 13B are simplified flowcharts of a load-side multi-location
control procedure and a line-side multi-location control procedure, respectively, executed by

a controller of the main dimmer of Fig. 7;

[0054] Figs. 14A and 14B are simplified flowcharts of a load-side communication
routine and a line-side communication routine, respectively, executed during the load-side

and line-side multi-location control procedures of Figs. 13A and 13B;

[0055] Figs. 15A and 15B are simplified flowcharts of a load-side RX routine and a
line-side RX routine, respectively, executed during the load-side and line-side

communication routines of Figs. 14A and 14B;

[0056) Figs. 16A and 16B are simplified flowcharts of a load-side TX routine and a
line-side TX routine, respectively, executed during the load-side and line-side communication
routines of Figs. 14A and 14B;

[0057] Fig. 17 is a simplified flowchart of a user interface procedure executed by the

controller of the main dimmer of Fig. 7;

[0058] Fig. 18 is a simplified flowchart of an Idle routine of the user interface
procedure of Fig. 17,

[0059] Fig. 19 is a simplified flowchart of an ActiveHold routine of the user interface
procedure of Fig. 17,




[0063]Fig. 23 is a simplified block diagram of a main dimmer according to
a second embodiment of the present invention; [0064]Fig. 24 is a
simplified schematic diagram of the main dimmer of Fig. 23 showing first
and ¥EZ8PHIERE drive circuits and a current sense circuit in gr8aTEY3eas(95187
[0065]Fig. 25 is a simplified block diagréi‘m of a multiple location dimming
system having a main dimmer and remote dimmers according to a third
embodiment of the present invention; and [0066]Fig. 26 is a simplified
[0Bf9Ek diagria- @Ptise piraii fiach Anoychad ofie Relneseraiiwaed Breriger derface
proc&REdiBgHR the, third embodiment of the present invention. DETAILED
DESCRIPTION OF EMBODIMENTS OF THE INVENTION 100671The
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§00681Fig. 5 is a simplified block diagram of a multiple location dimming
[0863tem 500FiecorHidg Tark ird blislbdamanebr IpHEBeIst Ryversting ogsecond

erfbsiiAdR GighSprsaiaimwlimeer 502 and two remote dimmers 504 (i.e.,
accessory dimmers) are coupled in series electrical connection between
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[0065] Fig. 25 is a simplified block diagram of a multiple location dimming system

having a main dimmer and remote dimmers according to a third embodiment of the present

invention; and

[0066}) Fig. 26 is a simplified block diagram of the main dimmer and the remote

dimmer of Fig. 25 according to the third embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0067] The foregoing summary, as well as the following detailed description of the
preferred embodiments, is better understood when read in conjunction with the appended
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.

[0068] Fig. 5 is a simplified block diagram of a multiple location dimming system
500 according to a first embodiment of the present invention. As shown in Fig. 5, a main
dimmer 502 and two remote dimmers 504 (i.e., accessory dimmers) are coupled in series
electrical connection between an AC power source 506 and a lighting load 508. The main
dimmer 502 includes a hot terminal H (i.e., a line-side load terminal) adapted to be coupled to

the line-side of the system 500 and a dimmed-hot terminal DH (i.e., a load-side terminal)




WO 2008/133879PCT/US2008/005187 15 adapted to be coupled to the

load-side of the system 500. The main dimmer further comprises a load

control circuit coupled between the hot and dimmed-hot terminals for

contPllipyamEsHMount of power delivered to the lighting load 5@ TAE48/005187

described in greater detail with referenck to Fig. 7). The remote dimmers

504 include two hot terminals HI, H2, which conduct the load current from

the AC power source 506 to the lighting load 508. The main dimmer 502
adantede be g aditorhers 8B4 dsadlitomynivind Ut cEbs oinifivmmest tithimals

oD ERIs IR L YRR MR BERASIAN HITURE BARAIAG ik AP

accessory wiring). The main dimmer 502 and the remote dimmers 504 are
cOEABR:ths AR RhRAtST feliviisAdpihalighieedard anditas wikdsysebedin
m&&d@n&&@%m@d@ajm%mmm(i:&@md fh%f&ggﬂﬂidmmcﬁ% (%ﬁninals
of.require connections tq the neutral si the ower.source, 506.
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atflied {BAe e RLibe Badarale dITREE Al bR ATPIESS (.. an

immer may be wired to the line side of the system 500 an econ
ageasiory Wimpakr Thaynpid dinuacio Blcnddhedriaoyt fHarmgister sompsgble to

SRR I E; 10 ShafNERENAL ek Vb &1 BRI RINRNAT D18 Naswoed thdRein
line side or the load side of the system 500. Further, more thantwo |
R GR HIS TEBA  AS S PP PRMTBRER SRR Ry fie protiRiese! the
Alfipongltiplerdosation dimming system 500. 10070/The main dimmer 502
and the remote dimmer 504 all include actuators and visual displays, such

[6b&g)lighting TaachaiGimaePsos erisolled RN JasiRe o eiHb mig i cation
Joad may be provided at eagh_ f the, main dimmer 502 and the rem
[

ote
THRRE Y e 200 o f RS FE3TBRGiths TR MR dielitdy @R iarpd ot middle of the
telbnmens &itkdn ehes tdnmeteadinmears eatimmnel nde e cartdabaehédige, side of the
icro essar.an ] ICrapt: L,
B R 358 500 e
skppranifiatély sbematelxDhinaandinr aBlnhl broveddaibidiaofidser the
1@%@@@&%&%@0 plhﬁﬁ?@hﬂuiacm@ fsteRidio agﬂggmgsdw@glgly %Egour
C of eac -cyC 1 ower source . Durin econ
BB OB BRI TR 0 PR AR SR 8 main
dimmer 502 and the remote dimmers 504 are operable to transmit and

[98%8ive the difitarindisagestAanAdharsmat dounpdP4 ptigndudesactuators and
vREESRAsING \Wew ahaidaanintadaes RRY K theraain simmer SOdhandha.

S (T G A -
Iandisetoqnavpia thendsGdspbaA Bt ilaeemote dimmers 504, the remote dimmers each
include a controller (e.g., a microprocessor) and a power supply for powering the
microprocessor. The main dimmer 502 provides an AD supply voltage Vp (e.g.,
approximately 80 Vp¢) on the AD line 509 to enable the power supplies of the remote
dimmers 504 to charge during a first portion (i.e., a charging time Tcurg) of each half-cycie
of the AC power source 506. During a second portion (i.e., a communication time Teomm) of
each half-cycle, the main dimmer 502 and the remote dimmers 504 are operable to transmit

and receive the digital messages via the AD line 509.

[0071] Fig. 6 is a perspective view of a user interface 600 of the main dimmer 502
and the remote dirmmmers 504. The user interface 600 includes a thin touch sensitive actuator

610 comprising an actuation member 612 having first and second portions 6124, 612R. The
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through a bezel 614 to contact a touch sensitive device (nhot shown)

located inside the main dimmer 502 (and the remote dimmers 504). The
maitv QiRaesas380o2 is operable to control the intensity of a conndsi&s2008/005187
lighting load 508 in response to actuatidhs of the actuation member 612 of
either the main dimmer 502 or the remote dimmers 504. 100721The user

aIRTIRCH SR TP X CRAIREISE 1P BERPIALE (5 16n IS RoDES @MV device (not
standard opening 618 and mounts to an adapter 620. The bezel 614 is

ShRYVRdach it g fed b g s 203 s TG GmmTE 88 hing &rgin

dihbresadopie b thloNReISdOIR YOKas(HUrsdnmbetvdiEhtin AHARSOR i@ response
mount.the main dimmer 502 and the remote dimmeys 504 tandard

OIS AR TS AL P e APt 0 6h b e

dimmenab&dc-gap switch 722 (Fig. 7) by pulling the air-gap actuator down.
100731The bezel 614 comprises a break 624, which separates the lower

[OLIJHTIion 6126@1@?&?1;?% (%178 mgri%%ﬁ?%?aaﬁéﬁﬁﬁw 3 i migi%h g&%a non-

n. actuatio t ower portio e actuation member ,
ST S RANS S MR IcE G R R b A APy e e
ffcopleeroto affi(@nehusahroephahe/Aptuatiphl 8f e apgeenid@iombdAN ot thde (not

smytmmmggb% &ﬁu&ﬁm%vr%‘f&;d@%%eﬁgﬁ‘d‘an%%ﬁé&%% HISHRIYSBE to

ghting loa 8 to change to a lev ent upon the position of .
s@ndadelasionadsridpeiesie GRSt adeaieaten sHewtbler satpatiguHAainternal air-
ghiRRltEn obyigtal 1NGICainiae @nd i PipERIIY S dight-emitting diodes

(LEDs), are arranged In a linear array behind the actuation member 612.

[6[&?)]3““a“%%%P%fP&&rl&%‘é?%%@%%ﬁ%&&%%a%me”gc%é ortion 6124

EDs are operableto illuminate portions of the actuation member, Two

apfrarPebRTIIRI94 IR the ReberdenedmbarthE |crRanmsttatios PF Hedawer
pﬂ}ﬁéﬁ*‘@ m&m&m&i&i Uh’éﬁﬁﬁ'é}téﬁz,f% %i@m}ﬁm‘éﬂtfp@%@%&hwém%!@d
Ii%.%%gn load 508 is on and with orange light Wl%the lighting load is off.

r

BEDE HEHR P B FoRePh B SR EMACE S 7 SIRIERS Bt SReFRpertion
6il unirfi e dcasa Bioban ga photi displalyothehin teasit§2df theskghitingttoaitdy=@8he
‘ - i : - ; f
PO T g oA A o
lenshra by a8 EireB e dadent Application No. 11/471.908, filed June
20, 2006, entitled TOUCH SCREEN ASSEMBLY FOR A LIGHTING
[@BNTROL, AplbtdlBy B vissibivak Ratent. Apphbatitty Selightemitting diodes

(ERREC A Ee APL i S0 LB RHEH O E AMERS s DM Roruation
FA BLY. T

NG A MODULAR ASSE e entire disclosures of both patent
iR ticHs arestaatialy iesppsritsechyhab tedrdias apgoperable to illuminate

p%QQﬁ/s,l&ﬁﬁZ Ealifd SRABYO0PES different color LEDs may be located behind the
lower portion 612B, such that the lower portion is illuminated, for example, with blue light
when the lighting load 508 is on and with orange light with the lighting load is off. The
LEDs behind the upper portion 612A are, for example, blue and are illuminated as a bar

graph to display the intensity of the lighting load 508 when the lighting load is on.

[0075] The touch sensitive actuator 610 of the user interface 600 is described in
greater detail in co-pending commonly-assigned U.S. Patent Application No. 11/471,908,
filed June 20, 2006, entitled TOUCH SCREEN ASSEMBLY FOR A LIGHTING
CONTROL, and U.S. Provisional Patent Application Serial No. 60/925,821, filed April 23,
2007, entitled LOAD CONTROL DEVICE HAVING A MODULAR ASSEMBLY. The

entire disclosures of both patent applications are hereby incorporated by reference.




17 [0076]Fig. 7 is a simplified block diagram of the main dimmer 502
according to a first embodiment of the present invention. The main

dimmer 502 employs a bidirectional semiconductor switch 710, e.g., a
triacyY@cdpidePEtween the hot terminal H and the dimmed hot B§FFIRH08/005187
DH, to control the current through, and thus the intensity of, the lighting

load 508. The semiconductor switch 710 could alternatively be

implemented as any suitable bidirectional semiconductor switch, such as,
[0fFi6kxampldia PER sneplifiedvoleck disgiion ofithgensivalipEme H2atceukirsto a

i PANGEHRALNPE ARE HelDR GIRRHIALC YIS  RIBAIAUNBLIORNARS PR ctional

(IGBTs). The semiconductor switch 710 has a control input (or gate),

sepiierdc B sEcie L fb aty g WilediReryocnTihe baptrrmy Al patd zhe dimmed
hoewdeimaliTgs entenrs] huro:é%_ ﬁ%t&hrgﬂi@mi@{%ﬁt\(@iﬁeq@w%@@w, ﬁfe li_igﬁti_ng
non-conductiv , Whnicn in tur tro ower.s led to the lightin .
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thedtiohsigad ot operate the semiconductor switch 210 to thus provide
voltage from the AC power supply 506 to the lighting load 508 at
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an actuation of the touch sensitive WO
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[0078] The user interface 600 is coupled to the controller 714, such that the controller
is operable to receive inputs from the touch sensitive actuator 610 and to control the LEDs to
provide feedback of the amount of power presently being delivered to the lighting load 508.
The electrical circuitry of the user interface 600 is described in greater detail in co-pending,
commonly-assigned U.S. Patent Application No. 11/471,914, filed June 20, 2006, entitled
FORCE INVARIANT TOUCH SCREEN, the entire disclosure of which is hereby

incorporated by reference.

[0079] The main dimmer 502 further comprises an audible sound generator 718
coupled to the controller 714. The controller 714 is operable to cause the audible sound

generator 718 to produce an audible sound in response to an actuation of the touch sensitive




actuator 610. A memory 720 is coupled to the controller 714 and is
operable to store control information of the main dimmer 502. [00801The
air-gap switch 722 is coupled in series between the hot terminal H and the
senitdaaaEsBwitch 710. The air-gap switch 722 has a normBfif/Br3eed05187
state in which the semiconductor switcH®710 is coupled in series electrical
connection between the AC power source 506 and the lighting load 508.
When the air-gap switch 722 is actuated (i.e., in an open state), the
achiiptgap! Switchmemovydid saraunird taithg spriielisk Htwesbis oper#® postee control
inBAHIGE R 90RO H thedightingdead S508. The air-gap switch 722 allows a user
to service the lighting load 508 without the risk of electrical shock. The
n dimmey 502 further, comprises a nductor 24 l.e., a.choke, for
proi/ldlng eﬁe&: Font r?&ﬁ%%n%arfgrceoﬁl e R/ﬁ?rﬁf nng“fo%%i‘itr‘ﬁ%"ﬁ%‘al {{ and the
semmneumVnmhdéé alpowieigsppplici7 302 bag .3 adiylatigicloswataseippiyhich the
solHfUGRURERY %ﬁéﬁ%?&é@ﬁ%@ﬂﬂs@m Belaten RRUBHLIRIAATR, AeShower

power sup 0 only draws current at the beginning of each half-cycle
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DC output vo1tage Véc \ro owenng the controllér 714

r low voltage circuitry of the majn dimmer 502, The power supply 730
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output voltage Vec3 (e.g., 12 Vu a fourth non-isolated DC output
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NTRO VICE, he entire disclosure of WhIC corporate
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controller 714 provi es a control signal | LIMI'I"to the current limit circuit
hergy inapeseiasebruREIORenit between the first and second current limit

levels. 100831A transceiver 734 allows for the communication of digital
[06B23sage betwerent limit circuit 732 is coupled between the second DC output voltage

Veez of the power supply 730 and the accessory dimmer terminal AD (via an output

connection CL_QOUT) to provide the AD supply voltage Vap to the remote dimmers 504,




the main dimmer 502 and the remote dimmer 504. The transceiver 734 is
coupled to the accessory dimmer terminal AD (via a connection TX/RX).
The transceiver 734 comprises a transmitter 900 (Fig. 9) for transmitting
digiteosigeradssem the AD line 509 and a receiver 920 (Fig. 9) foraeamsnmesgo5187
digital signals from the remote dimmersi%$04 coupled to the AD line, The
controller 714 processes the received digital messages RX_S1G from the
receiver 920 and provides the digital messages TX_SIG to be transmitted
Tie therénatiatitiesuROB2[0054 fhb enngairudéraimier ABi2dtptoeided mphsesfinst
|tch| circu s 736, 738,.Theswitchi i its 736,,73 .
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aﬁfgmavqlsém%@%% Lhieethg kst fé’ﬁ'&‘a hi0g, G EGAHtRA 89&@ ® limit the
switching circuit 73

second control signal SW2STL to secon
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iR BIRLARRNME NS ARBRdALISIRINRL L This allows the remote

dimmer 504 on the load S|de of the system 500 to charge the internal

r suppl es and tra nd receive di tal messa the
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coupled between the accessory dimmer terminal AD and the hot terminal

trepegidirs RO E e rRbler dpsriting dlissnl sienakionide oPrhsesytend 3aecedver 920
(mlgaggeoﬁh@wemmg&lxgm@i@ﬁm@ﬁqwmw@ﬂﬂetbswwﬁtﬂ&% the AD line.
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CRBFRRAIRB i ﬁs“ﬂ%&ﬂﬁéﬂ‘ﬁ%ﬁ%ﬁ fy/ %%s?dﬁéar{f@epaéﬁpmwls the
s@t%ﬁé&cﬂﬁﬁ%@ VEeytd 8e $9QRhcantitad M= QAN ABHRMAEMSY basis.

PR DEUIOE B OO E TOCRTONS el et 726

b@l mdsmeeoswhmtlélhm@bysmvp%tm byresfdranicarddio 852 kit Bds a
3R 58 emaHe Jagrar Ohihg GUER D M HSHIAPADT IR B ERned-hot

limit circuit 732 limits the current conductéd through the accessory dimmer
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chatgerd m&rﬁwtvzaax@nmaiedsmm@mm@m Frés@laéedulRieg the
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stYataisg @rceip g8 xinbatedydlsivm Augh @hmhmpczmh roinpye7 3orthotiettdnt limit
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normal operatlon;é(cé when the current through the output connection

agd thebpt RBRERCeadMY BrFEPorHiERFRi Rt Uatidhef hiasvsrme 00 to

chRird %ﬂ:@meoumgebmﬁbedﬂmmmemﬂsmlaiem%vamag&mﬂ@1§mee first and
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Q810 is set at the appropriate level such that the FET is conductlve. The
FET Q840 may be part number BSP317P, manufactured by Infineon
Technologies. [00871When the control signal |_LIMIT is high (i.e., at

approximately the magnitude of the first isolated DC voltage VccE), the
crirreant throriaoh the oritniit connactinn C1 OLIT of the crirrent limit ciret it




WO 2008/133879PCT/US2008/005187 21 Accordingly, the transistor

Q820 becomes conductive, thus pulling the gate of the FET Q810 up

towards the second non-isolated DC voltage Vcc2. This causes the FET

Q81¥eximsnessi non-conductive, thus limiting the current throrRgTAE2008/005187

output connection CL_OUT to approxintdtely 10 mA. The transistor Q820

may be part number MBT3906DW, manufactured by On Semicondcutor.

[0088]When the control signal I_LIMIT is pulled low to circuit common
supslic@BSib$badisillyandiinealis) réheeutiraniclinsidds rmalfermatiie lwiseh abthfay be
er%afé e&ig%g’l]l%ﬁm l}lllzN bipolar junction transistor Q824 is rendered

conductive to couﬁre a second current limit resistor R826 in parallel

electrical connection with the first current limit resistor. The second current

[905 resistor ResDARAUTRET 02 PAdTAlR caprspAnpibsT CommRigafip circuit 725
(iresidiing equialasidesistance oeaplattincseteshaiyepnihaceansdia a
non-isolated voltage Vcc2 and the FET O8 auses the current limi
RS TuBrS e Dn ot 2 ARt il ol ek BB o RS i )
cpanumicabsy MR SAQ8/irtlassfantunsit o OinBenibesduduarfdd8) Ana radio

H&%@B@T@{éﬁgé{%ﬂ&%ﬁ&ﬁﬂtﬂﬁfeu @9%&&%@6@&9%%‘%%% is described
. resistor R830 (e.g., having a resistance of 2.2 1d)) between the first
it oTBreen IGSB AN SRR 91 S A1 oMM | SR eA MEBHOD
APDOMRARISIUDF the COTRENIENUSARTS DETPRVITNING rage Of ARV OF

' unct I rt.n C856BW o
T R e mE ot A R e i Mamromfin
heheb e omirgisigerbby rdfkdhiEds high, the base of the transistor Q832 is pulled

down towards the third non-isolated DC voltage Vco through the resistor

[(R86Y ind aF’x%SESIQﬁFﬁ%ﬁ%&héﬁ%{c@é@a&ﬁﬁﬁtﬁ@@@@dﬂf Al d6SAANG2. The
220 Ic.f2, respect ..The optocoupler 13828 m e part number .
T ol by R R SRR Ao R oo REsgmine
A&nﬂf‘m sigreat ﬂ;ﬂplll@h'ﬁhs qwbedch)wﬂﬁw\@tg@@’hbﬂtb;basemﬂithé circuit 732 is
HHRNSISICE (3832 L Ruled LR seuar fe thesecond %&%Pﬁ%ﬁ‘ B&1 Y9G ode

Vcc2, such that the transistor Q832 becomes non-conductive.
D&&2ortha giyrepid v isige it tHel heraabied PPt Ms SFSONORP tHtasisteprent
1iQ838/t8spudeehgannavants the, thidd oeisisahardrbéovediagienM@abonse to the

throygh twaq resistors R840, R842, e.q., having resistances of 4.7 ICE2

CBNEP 8112 RALE BN RIS St GHSE BRERIRE) - n o
ceurulubtivelatid puthstthenbes oo CheQtihsist regsadingﬁmmﬂmmr{ent limit
ISRESNE R ISPlAleEP Qé’wté%u\é%ﬁﬂé?&H&%{JH-?SU@%@@[\@%% 19 ; via

conductive and the second current limit resistor R826 is coupled in parallel

tntFr O RO Ar R Aithiis réaidns RS BICSARS approximately 10 k€ and 470 kQ,
9081838 7ARGCrHSZ ARSIV 84t & gate of the FET Q810 is set at the appropriate

level such that the FET is conductive. The FET Q840 may be part number BSP317P,
manufactured by Infineon Technologies.

[0087] When the control signal I LIMIT is high (i.e., at approximately the magnitude
of the first isolated DC voltage Vec)), the current through the output connection CL_OUT of
the current limit circuit 732 is limited to approximately 10 mA. At this time, the current
through the output connection CL_OUT is conducted from the second non-isolated DC
voltage Ve to the FET Q810 through a first current limit resistor R818 (e.g., having a
resistance of 220 ). When the current increases to approximately 10 mA, the voltage
developed across the resistor R818 exceeds approximately the base-emitter voltage of a PNP

bipolar junction transistor (BJT) Q820 plus the forward voltage of a diode D822.




[00911Fig. 9 is a simplified schematic diagram of the transceiver 734,

which comprises the transmitter 900 and the receiver 920. The transmitter
900 and the receiver 920 are coupled to the connection RX/TX through

two dvodessD8i®, D930, such that current is only operable to flowfreswébeosis?
accessory dimmer terminal AD into the glansmitter 900 and the receiver

920. The transmitter 900 comprises an NPN bipolar junction transistor

Q912 coupled to the accessory dimmer terminal AD through the diode
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ansistor Q912 via a resistor R914 Ing a resistance of 10 k11).
R fpeiured by e Bemiraadaior? is also coupled to the non-isolated circuit
common through a resistor R916 (e.g., having a resistance of 56 1d)). The

[89RR}er of thévtransis tam@a kR:imlch ¢ e pluﬁeﬂdm’raolaihedicémnjhon (ie.,to

resis having a resistapce ,of
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fourth non-isolated DC voltage Vcc4), the tranS|stor Q912 is rendered
UBREAETIEHRER REFSH R VS Afssivensper 10! Feustehdhatdhmeshitiide of
eﬂww@hamxﬂmﬂe&d\iﬁlhmmtaﬂb&)mammlIMeZH@N@HSnTMatGdSBtOW&Q@BVCCZ and
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dimmertermina en the transis
teappiteN &824 anpy b pabaumbre dERFA By mﬁe@a@b@fwmw@mw

509 via the receiver 920. The receiver 920 comprises a comparator U932
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ggg%?ctlvely A reference voltage VREF is generated at the junction of the
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coompanatar UABZLTAR likgte thind dspof tbé thendan@z8a2ads blﬂ&a Deaupletdothe
kafre
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b 522911 hh-ARE 2R D)y FESOEHRMEN;cd BBrbiEion.
2008/133879PCT/USZOO81005187 23 output of the comparator U932 is

led to t?ﬁg ‘l[%rggi]slfﬁrélvfalwls ulﬁg?cg)“ﬂet}% ’vLoJ%VIn%t%gﬁs t(:)ase of the

reS| tance o output of the comp arator

teensistetddithis n@ﬁpﬁmmwgrﬂsﬁm Waoa¢é§13tmlmslé<€cvpk@g¢d‘écsom@h that the
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such that when the output of the comparator U932 is pulled hlﬂ%{:g )
voltage

AR S EEURRR SRR oG i he BT BBl

Vapuhafifterwo resistors R840, R842, e.g., having resistances of 4.7 kQ and 470 kQ2,
respectively. Thus, the transistor Q838 becomes conductive and pulls the base of the
transistor Q824 up towards the second non-isolated DC voltage Vccz, such that the transistor
Q824 is conductive and the second current limit resistor R826 is coupled in parallel with the

first current limit resistor R818,




comparator U932 has a magnitude of approximately 3.1 V. When the

output of the comparator U932 is driven low, the reference voltage VREF

has a magnitude of approximately 2.9 V. [0095]If neither the main dimmer

502 Wwortg1sssidte dimmers 504 arc shorting out the AD line SBOT/8008/605187

second non-isolated DC output voltage¥CC2 (i.e., 80 Voc) is present at

the accessory dimmer terminal AD of the main dimmer 502. Accordingly,

the inverting input of the comparator U932 is pulled up to a voltage of
[04pbroximat&ig-9 . sSimpdifled volitmpsi ol idmramadi thegranserivértfidd, which
cHRPRRA O THRRAS 9FRAURT AR B dLISFeRsE YQHanR: & BEdafl e receiver 920

non |nvert| mput the out ut of the comparator is driven low to circuit

arg GRYRIG Fetgansicyy oirds eRALY (REIhar biifhat ayrent is
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736, 738. The first switching circuit etween the
dimmed-hot terminal DH_and the nom isolated circuit common. The
[098&bnd swittPiFGERiRE 748SORTARIREP GaRveL iFR B tsasRR tlhedﬂa line 509
bihve sy thtaehnsictoit QO Mrwoe ddnding teambsitiverhditityc|Ehetbigital
monelies Ltcanials e (st sulishing, o 38 el cANdUG e a0dr e
non-conductive via't flrs Contr S|gn T uring the nega Hve

trieaisioy dREd 2thie @mﬁmreﬁt%r&l(@enﬁn@‘@m resisonec SeHAY 3 hghasesa” the

trg%@wa(é%m% A RAPrePRAHEYE- Ma A SREANELRRRGIISIG a resistor R916
5W2 CTL. (00 971The first switching circuit 736 comprises a

i BB e B RGP LM OB O P PR 0 the non-
isdind ethduiitdatimisradhfoogtex assipier R Hd ¢1,4ik0iig; passiztandeart 220 Q). When

STNI 60 ma ed b croe d has
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rmesmoawwpwmporé[maﬁ@lét@ﬁ@mm&@éf & reKispop\Rird by feegontroller 714

zﬁ%%m&iglzjeﬁé@uﬁhﬁowglated DC voltage Vees), the transistor Q912 is
20 8/133879PCT/US2008/005187 24 transistor Q1012 may be part

rRAREP MRS AN SIERFAE A BYF O SeimicOHEREHF TRBIHFPE the
vélltsgeontﬂ&{ AignaleSYéhEiaht s lowerg. eojtat Appresioaidy &Brmtvmllts)mt@mtude of
th %nrsigﬁ?{ (;t]é)lZ I%uo angyc%tslyg VMFHEW? l%?n h?\ﬂ%% ?f tmzirp istor Q912 is
o approximat e secon non-isolate
Cmt&géfvccz via two resistors R1016, R1018, thus rendering the PET
1010 conductive. For example, the resistors R1014, R1016 may have
[(re%'qstances maz&)kﬁoaledmesldﬁemm&valye Yihenrieesfigst fronttbt AD line

W1 CT h, the.ba fthe tr NSistor lled up to
58bgvxat ere{:eiy t% &?OU € TECEIVET \a/& (graQorZI.f&BB"fl ggoeutput

approximate Isolated via a I’eSIStOI'

tha. prohdesribeaacesisthaicetad Ok R&%@dﬁmgﬁy rerpldgrsitforfonexeme, the
c&ﬂBQ‘a\%W@@@W (61 0hthe.PENIH03 Orisisllad: Lavi s ovuabrs dlkstBonductor.

common, thus renderlng the PET 1010 non-conductive. [0098]The second
TaitehmgreRean 73 Gammprrleldrseres By ihiRA R opdrssIS e ABhaRL!
conrentdiomahanoncisainted efEsit kQrmandad)eckhmictarhinal.rdlaence voltage

econd sw%chqg}flrcm 73&;11 Iude EEI{%I% %m cwcwt as dme first
1s ener. € TesiSto Tovi G a non-
SHitc ng CII‘CUat é%r rendering Con e an
imyertinpmpntipfeéhe comparator U932, An inverting input of the comparator U932 is
coupled to the accessory dimmer terminal AD through a network of resistors R938, R940,
R942, R944, R946, R948. For example, the resistors R938, R940, R942, R944, R946, R948

have resistances of 220 k€2, 68.1 kQ, 220 k2, 47.5 k2, 20 kQ, and 220 k£, respectively. The




100991When the PET 1010 of the first switching circuit 736 is conductive,

the FET 1030 of the second switching circuit is rendered non-conductive.

Specifically, the first switching circuit 736 includes an NPN bipolar

tran@tfOBEAPD having a base coupled to the non-isolated cirkGift'US2008/005187

common through resistor R1024 (e.g., ﬁ%lving a resistance of 10 kO.),

When the PET 1010 is conducting current from the non-isolated circuit

0 to the di ot i IS ¢

R S T S SR s
haximecr dpaigipnereiyhik®)the PET 1030 of the second switching circuit 738

is pulled away from the second non-isolated DC voltage Vcc2 to prevent
[00s’FET Q1D@dolipm betingcoandittivashile dse dtplei@d thisroandueativg. input

Similarly, cond switching circuit 738 includes an NPN bi I
AR BA8 AR S e e PO AR oI T e
resfreafree To 1 8BDKE. bl et vdremth e foataptorbihd stenpetedercd 8 33r isdundled high to the
DRYOBSE VESIStAE Fé%&’é'xﬁe[%%%m}lz ﬁ@rﬁmm@mgmlm diagram of one

of the remote dimmers 504. The remote dimmer 504 includes many of the

coppARRITEABhARpITBRENN AR T FRAFPEAISE 5B THESR Mo B & %504
cdppatdes aemnfsalired lid thefdaesce abingetig:anyslaath gariteldirppityimately
5 96 the bidirectional semiconductor switch 710 and the gate drive circuit
712), The. remote dimmer 504 comprises first and second hot terminals
HI, H2 that are coupled in WO 2008/133879PCT/US2008/005187 25 |
[088Fks with HasibrFdbE s TR ABRBRS RSTREN'? FemBReEre ATAFF dltoRtRE out

theQdb and s0e, adanrteddasrrducidmdoag eusrid o, e ALD PwWeEs present at

source 506 to the lightin d 508. [0101]A power supply.1130.js coupled.
G B AR RN D 5 0 MRS B AT FRAREE
of{RetcodrparamoViids ir orttre! mpain aliritage G0DRIoKmptHe Ehar§ingetthsevoltage at
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one isolated DC output voltage Vcc] (e.g., 3.4 VD,c) for powering the
nQRTMHGHERE INPA e SHIRSF RIIY GBS UREIREY GRS ORERRI L STRTS 04
a2 28y 0ees053iEg delactandlihe and aitinrsseiver dhtd dreraaoipleinmer
tyeen the accessory dimmer termingl AD and the second_ hot terminal
ST S AU erdor Ly e Race i e o2
isqhuliel firstandlsecbac: Switchinytegelits /868, 1@ ptraryetdlpaR V, such that the
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across the zero-crossing detector. The controller 1114 begins timing at
ch zero-crossing and is then operable to transmit and receive digital
(B ages v D BUEF TS SR S e TS e s
Tex firgsvitrhitraniscaivEit 14 8dupfethberensotthaiiimmmed 304 tisraapleld #ad the non-
i RUBNLWIN DR SARSTRNELRfsQh iR ImBR QRBITBRINGA the hot

communication path during the communication time period Tcomm either
tqrmine! Jban ko penetsatives KiFU £98ETIBp SRR BHRAFIEH Lilé Bt the
cSyeiary 508 denwhichéte sempiaidinamalt ivieauplecbriceoreingyiofheonductive

communication, path een.the main dimmer.50 d the remot
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[0097] The first switching circuit 736 comprises a FET 1010, which conducts current
from the non-isolated circuit common to the dimmed-hot terminal. For example, the FET
1010 is part number STN1NK60, manufactured by ST Microelectronics, and has a maximum
voltage rating of 600 V. The first control signal SW1_CTL is coupled to the base of an NPN
bipolar transistor Q1012 via a resistor R1014 (e.g., having a resistance of 1 kQ). The




the first hot terminal HI (which is coupled to the air-gap switch 1122) is
positioned towards the AC power source 506 or the lighting load 508 (as
shown in Fig. 5), the opening any of the air-gap switches 1122 of the
rembie WiHisd® 504 provides a true air-gap disconnect betweBHHHE2ME/005187
power source 506 and the lighting load?808. However, opening only the
air-gap switch 722 of the main dimmer 502 does not provide a true air-gap
disconnect between the AC power source 506 and the lighting load 508.
transirser BE0AY e bowrBMMRRANBEA AR o ntroléactired duddmmpoonductor.
Witerand ﬁ_’x@?&ﬂfi’&l“s‘?ﬁrﬁa@b@ﬁhﬁﬁ PR RIEh NG eI R0 f38 dRsh8he

conductive. When the air-gap switch 722 is opened and the controller 714

raasR IR IPe el TSRt R & Bichel Rk by €t rbhe RS UG HOd fkto be pulled up
toappesaamdintesdardmoal AR s MU tes e exavialeyvdedase RN G R1018,

inA h th 00 still | h [ ir-
e e el DM AT R et S0 cLlt Qs have
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nBRNREBAE St ieitaRlillg V& 2283)%4%%3{%3 %&TAH%%@?(RQ%%% &Blated DC

emote dimmers 504 include diodes coupled'to the accéssory dimmer
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Thus, the only path for e current through the system 500 is through
°?W§’8ﬂhﬂﬂ’édﬁ‘¥8€‘?é’ﬁﬁl?ﬁi&%ﬁ%ﬁd’?ﬁc%éﬁglg ‘cessory dimmer terminal AD

of the main dimmer 502 (i.e., through the first switching circuit 736, the
[0988)er supphhe SToahevtiehing faelimiBdrsentivess FERd €3inybitdriseperable to
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current through the main dimmer 504 is limited to ap appropriate leve
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reapenedthiOIP7 1 Theebhoveaideacd ihedsodnaiie.applies when the main

dimmer 502 and the remote dimmers 504 are wired in the system 500 in
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load 508. However, if any of the main dimmer 502 and the t
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mer an e remote dimmers is limited to meet the

theiseseadcariicongeanientd thinelvdosarNER Mingjaptanier  Qopthadigl causes the

reesayibad soRYE iR daakagecue eRtrisdyrtheb Hmbass B inovayrafirie
the air-gap switches 722, 1123*%of any of the main dimmer 502 and the

VPUARSHS BTRTHRSASSEASA TSR AN the middle of the system 500 are
opened. [01051Fig. 12 is a simplified timing diagram of a complete line

(@44 of an A VdltagsimaliErsrioth dpgrvRicabYL the 8o diamssyrdd- The
RS BREHE D disgRmilysisatas hacanssation wibire a0 HAMREIRE202.

during each half-cycle of the AC voltage wavefaorm 1200. The majn
T SRS OB h SOP HRU T e RO BB e dheape!
cirteithalipowier s dppliemadl k3thidonihg tthrewher Jirigatidnd periodrive ldiRGiEHN. The
half-cycle. T ain dim 50 i .
e e o Ol RS R b g in
during the communication time period Tcomr,i each half-cycle. The
controller 714 of the main dimmer 502 enables the first switching WO
2008/133879PCT/US2008/005187 27




circuit 736 and the second switch circuit 738 during a switch time period
Tsw, which is equal to the charging time period TcHRG plus the
communication time period Tcomm. [0106]Fig. 13A is a simplified
flowshaeve sagrad-side multi-location control procedure 1300 exenuteohbyosis?
the controller 714 of the main dimmer 582 the positive half' cycles of the
AC power source 506. Fig. 13B is a simplified flowchart of a line-side
multi-location control procedure 1300' executed by the controller 714 of
sthes ma}nthlérhmeafcﬁaﬁ’athmne@ﬂﬂmmhaimyd &6 afftteenAld giawet SORyard are
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remote dimmers 504 on the load side of the system 500, and the power

chifgs Eam 1A GRtstsd fOMiHGHIS, BB3 (VA ’@g thériHg iﬁ@bhé?ﬁﬁéiﬁ Hpercross
tiezigsl homing baceesn-qiessingdliriaqtior Bd:da ahereht @hdh Qdﬂﬁ&é‘s‘ﬂﬂg and is

t}Eergnote k[mtm?rs 504 dgteects a zer crogssm %tatt%%e |<r:|erglvneg o1 §aﬁer the
Or%‘T ‘fmoerﬁn?' léaln ME EST e%? ple, 3RE ¢ arging e perio

cw&mﬂa@mrm@p%mmamigcg r‘fiwt:axliom&llﬂlﬂérombmm@mgmmg pésiod
R R T L R LA g Toe el R TR m&mggf the

current I|m|t circuit 732 to approximately 10 mA at step 1322 at

CHEGIHRAITR O BAE: CHFiHA Jrﬁeaﬂwﬁumfeélﬁ%ﬂw ﬁedmﬁfkomeemag BhempRyive or

ng g’ﬂhﬂ% h3f-t5enaiaspinenh ondusily sidhs ety eanomuBicatian isnenpeéidhumer
ch that h AD line 509 remal t the AD supp voIt V

P g o T A SRR o b o R e he

rmm@m@@aWMwmmwmm%Mwewmsmmr the lighting load 508.

communicating on the AD line 509. WO

{Qﬂm/ 13387%9&!&2@@&4&&5&% %mm@ﬂ&ﬂé@s&ﬁut&&ﬁmﬁdﬁjd&h that

B A W R e S R M v

rence e malin mmer erem

ﬂm W@Qh@mﬁ}@n ﬁteémgualqn@%&g@ssmmmg}d)empm@@ of the
VeTcRERen enePAIng iRGh Qlﬂﬂﬁgsrst@% Brevuel ek(f}gé,’vﬁrtgag@ﬁgo%ect between

inary skill in the art could be used. With Manchester encoding, the bits
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(i.e., 80 VDc) to a shorted state (i.e., a "high-to-low" transition).
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10110]For example, the communication time period Tcomm may last for
approximately 3.75 msec. Five (5) bits of a transmitted message may be
transmitted during the communication time period Tcomm of each
half-cycle. At the end of the communication time period Tempo at step

1324, the first switching circuit 736 is rendered non-conductive at step
122A ci1ich that the nower cirinniyvy 720 and the tranceran/ar 724 of the main




are no longer coupled between the accessory dimmer terminal Al) and the

dimmed hot terminal D11, 10111]During the negative half-cycles, a similar

timing cycle occurs. Referring to Fig. 13B, the line-side multi-location
contrebprogedere 1300’ begins at the beginning of each negativeT/us2008/005187

half-cycle when the zero-crossing detectdr 718 of the main dimmer 502

signals a negative-going zero-crossing to the controller 714 at step 1310'.

The controller 714 of the main dimmer 502 renders the line-side switching
r&ksmiﬂ(hﬁ:eiheoaeﬁandesmdtmgia@xpiéﬁu& ﬂﬁsahmmdyaﬂﬂ@rﬁt &iepinkd b, such that
S ackéetps%tt second I% S§&8°f&\{}1“’!t% eV 02 |s rgr\élc(j)e to g_%lremo .

giffierss he ine si € Sys em ATCora ; %ﬁ%‘t%uc
culiremhave B@érm’fpth difimecsidd bus theerdpipath fﬂnéﬂ@eigheumm\/ercmgpphesystem
sbd A romhe AR HERN valms Mﬁ%&@gﬁ&% &5@&9% s, ﬁ%&%ﬁnax AD of

TCELRG, and to transmit and receive digital messa

thomR HTEERTH A Brfies p BRBRET So s RGP Brrel %ﬁ)mm&éwly 730, and

theutiRenl ARG cikhietqanjrofies dddpwiRderentienbrieladrcancuetiventthat the
short the A e 509 WO 20081133879PCT/US2008/005187 29 to the .

B A TSR ORRY Sh REARAD TS 8 € DBt e cRpeyie
l¢hel negeativee1alf-wyoies] &t thekegicofrtine veiomthe Ricatipiswitek TRYiedpened.
Tcomm at step 1324, the controller 714 renders the second switching

[Glis4it 738 WM%%@&&I@&%%&%&KH%&&QH@ME&%%% 502 and the

transmitted between the main dimmer gﬁz and the remote dimmers 504
TBANHALRMASS SYBFRHIAT IR HisIGLStEmsS 98 RT(E¥ARY Sy the SEmete
dﬁﬁmieméggm Hesurthmnhalibdemda@smbamaﬂaiseﬁtkﬁwmda6011) -Aifso, the

system S0l ma '}ﬁcﬁ}’&‘%}]o?é‘%%}&?é‘#i *%Qinsﬁ{ 19 %ﬂ?hwﬂ'ezneakheofthe
ransm|SS|o across the series of line cyc es requwe to communicate gn

nesaniprIck 802 RpPitlipmple fraseagéMesenpirsriteptpiedie D Gighrreselree 506
aﬁ@@@ﬁé}glﬁ% RadlStRY B rGPERMRNED- Q&ﬁ%&r&ﬁé@%%@ﬂﬁ%@%@@dﬁwams

each digital message comprises specific data in regards to the message

RfeSCHRRTSTT S11HHE B Sumivhias R RSP Sah iR nihRoRRal:ga mﬁw@wdes
aaaruptiseibdiacinsddightleve kmmmmtm tbthee Mmgeldbgmﬁlmlmad%zs

&Qévgxy ?} ”&?‘lﬁ‘@ ali‘glpd % 8”&4 %%AF Y ﬁ% f re%tg%ct] y
A B e

etween t maln Immer 5 and e remote dlmmers 504.

to iy flerpisraurarmind dhedightngieafchos wensd ﬁmléwvwﬂgegthches 722,
myliRigRuiersdarnock he digital massase R heniapitiet andage curent

received, Specifically, the controller. 714 of the main dimmer 502 use

BHER e PR S A IEERIE S BEA R TR R fipndard fo
lérragenitucletrindhtheupasitine svdtbicychesrad dnkgativel hatfvey das leakage current is

e A R A g ==
Feremdaniigarempsstivangrics A giative Name jerbs mé@b@efuvelyystem 500 are

opeddlAccordingly, the main dimmers 502 and the remote dimmers 504
are operable

{0105] Fig. 12 is a simplified timing diagram of a complete line cycle of an AC
voltage waveform 1200 provided by the AC power source 506. The timing diagram
illustrates the operation of the main dimmer 502 during each half-cycle of the AC voltage
waveform 1200. The main dimmer 502 is operable to allow the remote dimmers 504 to
charge their internal power supplies 1130 during the charging time period Tcprg each half-
cycle. The main dimmer 502 and the remote dimmers 504 are operable to transmit and
receive digital messages on the AD line 509 during the communication time period Tcomm

each half-cycle. The controlier 714 of the main dimmer 502 enables the first switching




to transmit light level information to each other in response to actuations

of the touch sensitive actuator 150. The main dimmers 502 and remote

dimmer 504 are then all operable to illuminate the LEDs behind the

actuationonesshber 612 to the same level to indicate the intensitycafdbmos/oosis7

lighting load 508. [0115]When the systexh 500 is wired with the main

dimmer 504 in a location other than the line side or the load side of the

- igital message transmy across D line.50Q canpot .
o R R R RS R A et o Wt s e
te/yasehagiagd s vigit dotinn Al st comdustispiontdnenoigcbandingly, if a

user touches the actuator 610 of a remote dimmer 504 on the load side of
[ahesmain dirrigearn3iR aairepheiel diowoeirterh madhedinasiteyrauitcagtol

receive essage, To provide full sys capahility, t in dimmer , .
PR ST eSS S SIaD G Lo DB IRE e i
czaosr i 883 Y0 PO 3BRG0HO00 518 1 M ivneinipifiof fhevsparenf tditivesidthonlti-

1d6aias doinstiziebadalloyare Nalley §1e b EmanA S ROZ APAAEASIS02 the

to the opposite side of the system 500 any communication signals that are

negRidvg el préthe dCrraey eriraniOfes THig lqadrsideraitipiatation control

piemiant b theripast-gie Beaming BiGaR PRI L4060 exaen@d Rydhfssing

dctontrol’; %731 of the main dingner 502 duri.ng the.load-side multi-lot ationt I
26ReD E SEAUPEPSOB MY 123 98L& RIS BABYR G550t Br THRA RS g gRnrotier

7d:_4)mmem ilc“slt@om!tcstmh?» !21,06? eummlb;dliﬁ Msamrmhewﬁtbh sfuted tnditermine

WHRHEI Az ANTIAG RS side. Ml asaton caKAl Qe L 130%ein and
The controller 714 uses tWQ%ags RX_LOA.D and RX LINE to keep trac

epd-wHistreRtABeE Shtrtirrveisrakeiany Fhb&vint ait G et dags &uring

appeoRRSItdIe FIvd SRgsikisvaaliievsias oraspegctively. The controller 714 also
uses two flags TX_LOAD and TX LINE to keep track of whether the

(BRSOl s Rrssnbraromiinga lgialmessens duin e Rneli

Qit (i.e.,
nd negative cycles, respectively. [01171Referring to Fig. aftelr(1 ¢

theafiralstriécingicirst démirrndestivrbrotitiviegtho Srarronepksige P! fitckL low at
tledesmings AtsieRaldibo amdpwatirerdheriR@chol&AD) it eeboh8oldRe current

main dim 502 is presently in th idd]e of tra itting .a.digital .
R AT (4 AR S R S0l Bt & Fich o oot iy 2 408 comep) sigme!
I noivitiel centholterdiiglye tect se d Iz dugidevRle go e (1.5.0 Giowichvpily beltage

\9&?% BediRore et ARl RaIauN EETHERE RIS HPA (NG the
LOAD is set at step 1410, but the flag RX_LOAD is set (i.e., the main

PAMSATEPBIS id Hesehrimpmate dimgsr dfenaressiaig thetratiingiims paipd
Tep:therragtsideeitiaisisiem bR Raskait ik 1cadRRicomolalifdfRIS® detects
executes the load-side RX r? ine 1500. Otherwisg,.the caontroller 714

tin

EEX IS ReSAERIE IS i'ﬁ‘gi B&HTER %ﬂl"ﬁirﬁéf% AR IR
chisilpetovpwithl Bfete st wpfigyaB LG8l ig. 15A is a simplified
flowchart of the load-side RX routine 1500. The controller 714 first
[aim@irmines Rnend &ih@{ﬁ@ﬁmﬁed v&gi{@bm@gslz@ge, bh(e&x’zbli’lﬂﬁdim 1€ controls

D line 509 .at step 1510. The contraller 714 samples the AD line 5
SR O TR TSR BN BUloy 0 JEBo e S e T A 3t the
b3hoivep Medtamdiiteicdbd? tiofiperiobBe o nT bhditsitsvofthiogeoeivelBo is

AL DESRANER Luled Al MRS desrRGH. DasAter detall il har the AD line
co-pending commonly-assigned U.S. Patent AppllcatlonWo. 11/644,652,

Sierpuseniter 2D, spppl, eigged METHEDVIE CieNmRsNI A Rigmed hot
@I DEN GERNTRQlnNEY KOF n@PherdadtlinaN R2lare XS beMnilye
entire disclosure of h'ch(ig hereby incorporated by reference. If the
CRBRIBHER AL B ﬁs\g% L‘Sﬁ d&d enough samples at step

[0109] The main dimmer 502 and the remote dimmers 504 are operable to transmit

and receive digital messages during the communication time period Tcomm. Specifically, the




WO 200R/133879PCT/US2008/005187 31 1510 to decode the next bit of
the received digital message at step 1514, a determination is made as to
whether the end of the communication time period Mow,/ has arrived at
stepwid i@siizaoty the controller 714 samples the AD line 509 agamyas:66@po5187
1510 at the next sampling time (i.e., 7538ec after the last sample). When
the controller 714 decodes the next bit at step 1514 (i.e., determines a
low-to-high transition or a high-to-low transition in accordance with
cdvitasithadie e ancrdiniyadisédeonmiolleidadasrthe el (ogidatibivill &c dedogied in
' r.alogic low) into. a te ar. ffe
e T L Tk S RO SR ol DA Rl s0s
mae faxeh dectm raskaas tesk digitebaessagepusin g dlamhedaengedisad i wiquer, other

RIMARBLEATIARINE HENIRE LAV M REHr brkRark & APRNRUGH €ddhd be used.
determines if there are anﬁ iSecoded bits in the temporar%/ﬁjbuffer at step

Wisohapchisaier shecAigaltly Biktabiba Hiriiahmaesaei frarl Bifdp & <fsp value or a
lok2héhalub)areaicodvd M eldRhiRions (reseritd gegeifing sigaigdalkhe

message.from the dimmers 504 on the load side.of the sys 50 bt
o e I e At B s fed 2 BEATIRS o ¥ D

linerfipusdngtbunfer idiestefe. 1 T20ratwniarirpliaetoadBiththelraudey 43ifS frisooperable
1o PERAARIAHRAHERE Al iAot TR EABAIR 414 AISAB3LS Behange

new decoded bits into the front of the line-side TX buffer at step 1524,
frapctharidle fHarctifrdifeY ol P tharshitait reeaivigmit 18 thdrABRHiAR)
ceiiveners addammihe lngcside wlibarmy/sianmher Tharipaghanierd fakeayelaD line

[0120]If the controller 714 has received the. begipning of a,new mess
AR AR IR el e (S B, RIS
c@ymbel dDfdaretidétalthedSSE Q) Zhendorting forsiidnt hetdRiisef? 52 hehbnfiagd hot

teRRiai PARARR o R MR AHDNRLR O3 4 UERRBHYS GEER L B SligNahalr

message in the positive half-cycles) and the flag TX_LINE (since the main
CYil¥imer 502 will re-transmit the bits of the digital message received from

the remote dimmers 504 on the load-side of the system 500 to the remote
[MibGimers onFireslimmmidéhof thersystetion titheacmdticlbes iy hes feceived

a;?ﬁ?gxlma 20LAULE PRISYGII0N S%Jﬁéﬁé&jﬁé??égg%f?g ¥ 246823 during

e controller clears the flag'RX_LOAD at step 1532 and the routine 1500
the,geanmpnisatign dimepeiiod emplinberabiriharelst thehscaaidhy soramtination
tikRQRri b & Cantralesp/ 13 dirsiedate sWitBmiharoaxy bititrdrdesnidrnctha e at

lin from.the.load-side T er gt step 1610, tep. 1612, the
S Y he PO R o e R DRl Armer 504
angitieclonpentrolipledthetwddnlithe S09stHary dephnedtttemairnahiid anibthodisnmed hot
teRighzioygw transition. lithe controller 714 has transmitted all of the bits for
the entire digital WO 2008/133879PCT/US2008/005187 32

[0111} During the negative half-cycles, a similar timing cycle occurs. Referring to
Fig.13B, the line-side multi-location control procedure 1300' begins at the beginning of each
negative half-cycle when the zero-crossing detector 718 of the main dimmer 502 signals a
negative-going zero-crossing to the controller 714 at step 1310". The controller 714 of the
main dimmer 502 renders the line-side switching circuit (i.e., the second switching circuit
738) conductive at step 1316, such that the second DC output voltage Ve is provided to the
remote dimmers 504 on the line side of the system 500. Accordingly, the remote dimmers
504 on the line side are operable to charge their power supplies 1130 from the AD supply
voltage Vap during the charging time period Tcuro, and to transmit and receive digital
messages during the communication time period Tcomm using a line-side communication

routine 1400'. The controller 714 renders the FET Q912 conductive to short the AD line 509




message at step 1614, the controller 714 clears the flag TX_LOAD at step
1616 and the routine 1600 exits. If the controller 714 has not reached the
end of the digital message being transmitted at step 1614, and has not
readMeGWHLERE of the communication time period Tcomm at REPUBLB/005187
the routine 1600 loops around to transmit another bit at steps 1612. At the
end of the communication time period Tcomm at step 1618, the routine
1600 simply exits. [0122]The line-side communication routine 1400 of Fig.
to tshay kiohiis Mdry simtiiastootiibsivischisigl eitsoin T3 B scatidnctgtiveinglthe negative
hmeyﬁe@w&%demmecmwa&M@igeﬁem%}gcatk%tim'p@{&gmmner

Tcomm of the negative half-cycles, and calls a line-side la routine 1500'
7‘%&#%*#@6%@ SHtching &IHE /PR soRitHeE veaw8tBnowM-in Fig. 16B. The

line-side RX routine 1500' and a line-side TX routine 1600' are similar to
[0fH&)oad-sidEhR RigitaltinesskgOOtmnshatiaddeidec e oaimdit®dd, 502 and the

; . ' er
i R M el e S
syialee thie Sdaiomsiera Sp X aseriftions 3ibpitmespage datieecianrndifel frivt shrskswm.
THE YU HR0R 1 LR ERN PR dekieloadsribia i dl tQsANEIOH Sko8asthR series of
_line-side TX buffer at step, 1610'. [0123jFig. 17 is.a simplified flowchart of a
Yo e 0 SO B S A B R RSB o TR oy ¥ B CSREF SRR
coofphicenaiiti ghinevel” s62meuy! concdaaeof’l Gomsrad Thbelisbit imtsstpealata
edure,170 ivel f I ' e

o e SR Sesoripin
of {hgepresene rficesaghe lipsex mnpln, thamasppefationah semsissehaeateabligh tyvel
in®rSieRoh 42 thethR SRt RS ptish RXeaEke o) tdlamandine L 8008l kithermaight

dimmer 502 is in an "ActiveHold' state (i.e., the user |s presently actuati
it e e b e ey et

an ActiveHold routine 1900. If the main dimmer 502 is in a "Release" state

[0118] the us&inrgerbrEnlhiteuedansptiivdrganbalbarsisdsrenE dauatbuses
m%tlgglﬁﬁgﬁ%?igﬁgldthﬁ lepﬂxh%_f_ P gsZ%ét?&?%mldl E%ﬁiﬂ_%&léﬁééﬁn@f&gﬁbally, the
1]. IS a simplirie wchart 0 e rougine , Wnl
coBlEAI T ABHAH B RETTCA SR SITAAEA 605 RNCTAB A Breeatae T putes
fccmﬁgl‘rdlenemxgeMnmthmﬁmemmimlﬁmeaﬁDﬂegattheh&tfeiM@ﬂwt&Id
re%%tec%i}\ﬁégg &ﬁﬁ#ﬁ%gﬂ%ﬁ%ﬂﬂ&@ﬂﬁg ﬁ%ﬂ?&%@x@ﬂ%ﬂ&%&s a load-side RX

y, If there Is activity on the touch sensitive actuator 610 of the
byhirratharies-side B dneiien Sraligitp ingsang eoerreeisdinere the Rrst 4 atsp

nd&lide RAlTesyice, igeaglivify counter is cleared at step 1814. The activity
counter is used by the controller 714 to ensure that the main dimmer 502

[(glgggges to El)gc 8}8/%? ﬂlg ﬁmedme@ SMQnd the remote dimmers 504 are operable
/133879PCT 008/005187 33 response to an actuation of the
tadigepnsieHehevakiiamsiaE on tarsdchothes i FesARsracrREtpRoMh thetArth
s&égﬁgg@%qlmqm-igmf &&}h@rﬁmw@@mﬁerdiﬁﬂr?a_imtsf»im{w&rablg
"debouncing” procedure for a mechanical switch, ich is well known to
R S P AGRAR et oh o R AaIe B a1
imeaxity ufittedightingdemitédalue AMAX at step 1816, then the state of the
main dimmer 502 is set to the ActiveHold state at step 1818. Otherwise,

[digsidle routineh8A0ssinpls euxitswod A5hRie riddsmnsierplfiad flowsh@ibher
of the ActiveHold routine. 1900, which is t?é(ecuted once ever)sl half

. -cycle
MR 2 SR 60 8 SPGB B g AREStaRE A RATEA 1S (e AD
lifiea 0ok amine (paE2hienin dikesAletbfahtodgdsstaten fhirihesidetefithengtiem iGndade

v%%a Od\{xveb Fott J gp&rgci%rn%as%ﬁggxpﬁgtgﬁ’ é’&@rah% de!gc?c%? ngiéz } kl Bper touches the

sensitive actuator 6 there 1s no activity on the touc nsitive

aguaienél @ ebteaiels digruenhdcuntheliesdzide pichermaidigmenattivayemote
dGRMRLET0 LSRR 1ER e su PRt ol Vel isesihe maptidCauTIgRim

ke sure that t js.not still actuating the tquch sensitive actuat
CHRDSIoHS MGG HRBE AT SN ZomepiTEsesufiom

a maximum inactivity counter value ImAx at




step 1914, the ActiveHold routine 1900 simply exits. Otherwise, the state

of the main dimmer 502 is set to the Release state at step 1915, and then

the routine 1900 exits. 101261If there is activity on the touch sensitive

actusMor@B03a88tep 1910, the controller 714 generates an audR$I&/BsR4ARA005187

at step 1916 using the audible sound géherator 718. Generation of the

audible sound is described in &eater detail in co-pending

commonly-assigned U.S. Patent Application No. 11/472,245, filed June
0052606t lentitiec: TACHISCREENMMET IS E MBOEE BEECYBIACKE then
R ARSI WHE B AR IBERPRIRIRLSBY LIRS MG Benals tha

controller 714 determines where along the length of the actuation member
agrecisgd e theueey san ditlie ¥dtuator is being actuated at step 1918. If the

touch sensitive actuator 610 is being actuated in the toggle area, i.e., the
[6dn@r portioRig 112 &f shermtifiediGovwolembétel2adbiste@iadtithion routine

oller 714 proce ion. of St

R T £ B 07 SR Ve R el e
loraticm pastrhkpliestedats IGHE.oRies b ifcasiynnliécd dlenshart f hailinsnsiste s

cHRElaElRR AR 12800t b RatbR i meBIRe T B drttdermat SRR &2 ARGring
dims the Ilghtln([; load 508 up to the preset level, i.e., the desired lighti

| : \ g
ARG TSR SORIEE Qe PP HIR S EE AR T4 i
RXdigiialDmas Faqgd iNg thedaatasidef andtlineisidenitslbt ffgyssntiepdddtg a

The message description of the digital message comprises, for-example
e L B e R e TRV 714
apimuaghs, e freafelldrAD sedsTBathitieidgerToack ciabatiag thy contrettcats
petehl? Bneaineadhe @W@@@H%‘fﬂg p¥¥fveQR8 hdgative half-cycles,

879PCT/US2008/005187 34 transmit the digital message to the remote
FEfRTFYEFYS04 on both sides of the system 500), and the routine 1900 exits.

101271If the lighting load is presently on at step 1922, the controller 714
[AldMinates tRefeonirertpdigohtéd 2aReotaHnabie dnidreidreenerBiaitnaneting 1400,
tReRntYHeraNnd ﬁ%H&E%H?ﬁeEQPH@(F 1220 RQ8 1 afkAlRIaRLPRAT OhSIeDset, i.c.,

[

1928, the controller 714 loads a digital message . into the lpad-side and

i B Bafters R HE N ROA L HESRHPIURR Usiiitstaes to the
reamedinchand themeskageaidais copptisesterof petcdntctatroffyr Fidalkecutes a
the cantrqller 714 both the, T D TX LIN ,
R T RSO TNE S B

Fagt I5¢ingfdes a8 AR dyret atstsmd $18pPote fireRipreP HBY foreidizA the
oaiReiRgRe thptedandiine lecating Afithe actuato b AR tientabe s 6£B8ithéQoad side

actuator 610 is representative of the desired intensity level of the Iiﬁ?héting )

Aol BN WL 1884 Hire RO AR { Hiftimfiaral it iRkt foRibRoTine
1602 Ak theiacthatontmiembiey 6k2uspropdatdlyTKaogwnma 1680 geayidh will be

epresentative of the,present intensity of the. lighting load 508. The
1 chsity of the lighting loa

con roeﬁelp%ef 8‘.%%%%%3%%‘5 of’la}\cgir to the appropriate level as

determined from the location of the actuation of the touch sensjtive

[QEi8htor 6101 dih it o simplifigd Hawohurinbthe loadimide 7 1oURe (hpP0. The
deachpid ¢ rRntHinktsinkendXauttardivihtre dégﬁ‘ﬁzbmgﬁalgﬁd@mg'a g eshigipting the

vel ¢ d e.nessage,description a ﬁtl‘lﬁi res 5%inten it
X Iy, e.g.,
A S e I R, Bl
approkmABlaRGETXS LiMNE BhseoptidRo 7 khdsese dotrider nowiieaitter 1512 to filier
nOL2lHOmE8ile & flvehart bR RAL SR ON NG ZA0heWRIEBsISibed in greater
executed after the i o

detail in co-pending commonly-assigned U.S. Patent Application No. 11/644,652, filed
December 22, 2006, entitied METHOD OF COMMUNICATING BETWEEN CONTROL
DEVICES OF A LOAD CONTROL SYSTEM, the entire disclosure of which is hereby

incorporated by reference. If the controller 714 has not collected enough samples at step




controller 714 sets the state of the dimmer state to the Release state at

step 1915 of the ActiveHold routine 1900. First, the controller 714 stores

the present intensity level of the lighting load 508 in the memory 718 at
stepDAYSABETRp 2012, the controller 714 stores four entries SEHESAE$/005187
digital message to be transmitted in res’donse to the actuation of the touch
sensitive actuator 610 into the load-side and line-side TX buffers, such

that the main dimmer 502 sends four additional identical digital messages

1360 redesasistthelheirhbitob i teceived d gitaltrisesaagnosicdihinfe rsdatemhiration is
mitie HeFAHNRSSAILn T balY dNRFRnLRler idé Rt e siteolifR Malep

dimmer 502 to the Idle state at step 2014, and the Release routine 2000
L 3MtstprtatiertRatrolss 2 b samelasohe d Brithe ryrenimalsiep by f ahtinrext
sdeRCintBE 8110 chsariir202] s dathpld e NVoliend e ieso e 7TEYead88s the next

ompri advanced. programmi ode. (APM) co d, j.e. .
b AR 2l bl A BRIl iion i
a2O0RIK33BTOMATHISACHREINE) STh3® atnotbrdordd throsot, logisatdue(vater Igic

2 Sy RRrerb proRPERG ot s e Stedifiechel s A LUIIMER: s09

)2, the main dimmer 502 transmits to the remote dimmers 504 a digital
agpi iR halRnifthserdoddhg e nuaeniptint Lgmanting Toevares BBIFHXRY 2! step
1818l the message data containing the APM feature to change and the

value to change the APM feature to. For example" the digital message

(1R SIMPlY REAANRIG JQUEHMES GH TR &ﬁﬁ%@gﬁ 1PYing AQ0RAN

advanced programming mode is described in greater detail in
cerAeB it AShaEs if SemaienK decpdeydion theslrmprmmpebraisT st 1520.
1RASHas RBQBRIBAMA BhEWRlcbBEdred) A iHE R stbe ©20ra. elistlosidie dfnmer

hich is herehy incqrporated.by reference. 10131]Fig. 21 is a simplified
S KA A R BHER DL D160 I BT BT iy i S f e
sypertr 606y, Tedl axfdtileRafinrdinmm é S BDE mply .crotscdfahrens/analfzcydid bitt g e the
taglggﬁéﬁ}ita&f&?m 1i@z%i,tt},%rc%m%Am‘aaa'gdmﬂ&%@ﬁ&ﬂ@&%?}&@rﬁtm

10, the controller 714 determines whether the message description

bpfien et §ignd b ide ShrorErHEITd AP e R despded b iy drefipghet the

lilgvaheamarmet at stpn 241 4udh et ResSAgE IdEsa pligansanisRdeived bit to
commangd. at ste 12, the APM feature is madified in the memory 718 at

O A 5 05 e LT S L e e o B 5
light level command at step 2116 and the message data of the digital

[Ph2ksage is Hdhs graveeir (T &t haseasivgdshebeginpa e ohtifumesspee at step 1526
(lmipaigs Hededals A dahdbaioyathieitiandals el bk aciualivsssage),

ber 612) at step 21 d ighti d 508,to off te
B L R TR PR D e oL T e R B A 2
pissantiptersiting reditgatragssagropthcpriititestelf-Or18) gnd torfiegl [EX 7LANE
Aninaiesiihg19a918,356 i Plug.AlRIERLHitd AR HI RS JOR WARGT from the

portion 612A of the actuation member 612 aa&roprlately (.,e,,asabar
rpapTiiBREsS b AV B HeAE- Prs L Hpg sty O B ngTIR fimresepdhe line-
sRIepr L6 sthon e controller 71 i sonrtkizdhadniaasdtymofiie Hghting into the

load.50 the appropriate level a termined f mg?g&w&fz age da

A U R B L SHE A ot SHDCEEUTE ST B b 1342 ane
tHODBRAEIF 0224852 simplified flowchart of a multi-location control

procedure 2200 executed by the controller 1114 of the remote dimmers

(64 The pregedye R200:ha0ias RivwiB22 1 \ReRiheT2eron6rRSH0g The

detect 6 Si s, - sing to the, I , ]
T SRS EATNS Do ara ] RS e 3 o e toad-sice
Toohtiiftent 54l bEYing sidim6i AttbtapRRdRr Atdthrersmitofthetciraseding to

MR ISHRG isteRadtid: IGRMOIR A8 1SR A cAMRMUBICANMReh or a

routine 2216, which’is similar to the load-side communication routine 1400
higheterlaw transitione Hrtbesierirediritiheatiarsroitiinalatif ot il thgentire digital

However, there is no need for different communication routines and

different




WO 2008/133879PCT/US2008/005187 36 transmitting and receiving
buffers for each half-cycles since the remote dimmer 504 only
communicate in one of the half-cycles depending upon whether the
rembte Wiies7%s coupled to the line-side or the load-side of thBCSyigseip/005187
500. At the end of the communication tithe period Tcomm at step 2218,
the multi-location control procedure 2200 exits. 10133]Since the digital
messages transmitted between the main dimmers 502 and the remote
mghvagrerssEP4 i dythealonleo AR NIl d chaarmthe £l 2k & A BIA A bt stsp dbliocatddbie
RN LBy AR ﬁffﬁmxmlépc?w o HSing.teReLHGHRCS NGBl being

dimmer or any ot the remote dimmers. The main dimmer 502 and t

tragpRBte ARt RIserod danddipprot rraphes theGad IERELAVHAREEA RAIGHRRPSTRS

TieRlvEesiéhas 1 the BRIRABINRIpORb a8 hahaduRRatbRIAGHI NG At
tfeatures (1.e., affecting the main dimmer 50{2 anm‘%r%]mote dmgg@rs_ 50@. .
BEGRSRIFRY, OPRUMSHBTIARBFRTI dhagyadt 5I°R ARREPS 3P Simply exits.
according to a second embodiment of the present invention. The o
[Hi2flectionallsedinconér capyswirahiarr wwidinsalif0dinhls. 1482 Wolrhipsigesy similar
tfifist RRM-SREeBR Rt SRS hudRd 1 4oL piRd JR:RBHNSERE e oMt f@luring

control of the amount of power delivered to the lighting lpad 508. The

cprprpuesiign S8 PSHO L Srenon a6t e e SR B A Gif fAlls AP esds Ryt
r@ale: d50e shiouisn2B8g 2] sI84a] 1abpeadtyaly. iopacificalystbercorftigliBfB. The
2314 | eragble ontrol the EETSs2310, 2 ing.the revers

o e S oS o L iy SRS AR ARG o
rqhenp d§Hing olinasidhal cqiacalf@thespestivebe ditorecsndisig Bigline-side

RIPRATIRLT960e Y gl e oI Canti! HaeRBIINGeS BRWRE-SRMEXesLRr at step
the lighting load 508, The FETs 2310, 2311 may.be, for example, p r;r )
Lot REdapecTe X routie

BreJ9ab ek GRIERLALEIBY PATrc AN SEfitE I
1600raht semnsealkestiondiashé isadiple d hetefontteelndsi23TH, Bkt at step
generates a sense voltage having a magnitude representative of the
magnitude of the current flowing through the FETs. The current sense
resistor R2317 may have, for example, a resistance of 15 rn.Q.

i [ The
[QdAttion of thtefitdtiEE TR Brd Ag HeBa R A ssE HUErfassiBrar s s | O executed
pefvdited Yo theenontistiate i cif chitragimdam0iRS Hig.additiencty tontsedlinthe
the.amount of pawer,delivered to the lighting.lo 8
O e L bR R upon e
se1aef diemeindioed Mt disisonaimditgnenéEomimamidalionta digidhe user is

nm%éaagﬁﬁ @B‘é%@&ﬂs%@it@é%@%@(@%@&?ﬂ@Ib&ﬁ@@&ﬁ%ﬁwmﬁ@c%s an’
Specifically, the controller 2314 renders both FETs 2310, 2311 conductive

Idfe toutBishARind ‘e AEHIRBESERY 2 Mg e PRI ity Ereedier 15
peaatitdfactd ik thaderchtbenditse RETaR3 50 0)an seendiitivie: abtive like Sitédxecutes
time. to rol the unt. qf power. deliy to.the.lighting.| 8, ,
D ST, T B BB S B0 AC e wer b
recently ceased actuating the touch sensitive actuator 610) at step 1730, the controller 714

executes a Release routine 2000.

[0124] Fig. 18 is a simplified flowchart of the Idle routine 1800, which executed
periodically when the main dimmer 502 is in the Idle state. The controller 714 changes the
state of the main dimmer 502 to the ActiveHold state when the user actuates the touch
sensitive actuator 610. Specifically, if there is activity on the touch sensitive actuator 610 of
the main dimmer 502 at step 1810, an activity counter is incremented at step 1812.
Otherwise, the activity counter is cleared at step 1814. The activity counter is used by the

controller 714 to ensure that the main dimmer 502 changes to the ActiveHold state only in




37 controlling the second FET 2311 to couple the current limit circuit 732

and the transceiver 734 in parallel with the load-side remote dimmers 504

(to allow for the charging of the power supplies 1130 and communication

with B8 E$e remote dimmers). Similarly, during the negaki¢&/US2008/005187

half-cycles, the controller 2314 rendersthe both FETs 2310, 2311

conductive at the beginning of the half-cycles, and then renders the

second FET 2311 non-conductive to adjust the amount of power delivered
respptise yknirejuatiah SOHaivirh somidifFgvaoifdP RRIMPBaTAES WIbN FoFsthY
soR RGN RAANGPINRNRUPRISS:d L3R aRdi cRIVRHNE HiamtothediRearide

«,remote dimmers 504. [0136]The sense voltage generated across the,
depRHERinge RERCRINTE T ROERARIGH SV TEUEL IRt SRR RiRRgiR 4R,
ordlifieh Ry ifdiesatnelcantsalioftthe ek 3s2id1 (s 28k darfanimafh thuei Fy Tounter
he event of an reurrent conditian. Specifically . if-an o rent
vagzlg‘n i‘fiﬁhalxssggtle%:@g}‘ ?g%usrtrae{!ﬁ? %%ﬁsrg%?r%m%fg Fenc \e/?é?fﬁée%?é}lﬁg'}d state
at 2810 $idh cOtidoetbectukkitgriwi moBit0esimafyeydtes and the second FET
2311 non-conductive during the negative half-cycles. The FETs 2310,

(0251 arc mejptaned Rieiposdnetivadobirraciatiiad efitiechaliocydiech is
and the controlle& FlolresEts me current sense i@gg}t&ﬁ%?b%gforerm% die
exﬁ%‘& ?H&eo%vﬁ% Hextha y?’;y% €. fdf‘é 5el?rsllnl§'%?1covercurrent corgkﬁlon, S

whie the mirotl @ik 562k irotherAbly tH drstatd. e iy stdstrinsoetionl iF BFdetes to
wRGIREHHE Vs EOURIG ARG EUURRIIIMNIESUCUE fRAARH BB D acRIMe! aﬁf}hﬂ there is

parallel with the liné-side and load-side remote dimmers 504. When the

nocftiEiY Serise erelirers e asiiums A i sier i 93bpsesolsndifiRgements an

“i@é&mﬁﬁ%@@ﬁmﬂﬁsf?ﬂmmﬁiébmgﬂﬂﬂ ws3d heaniealstihe saeponake sure
FET 2311 to be ¢conductive to allow for communjcation, with the load-si
LTS RS LB OB e S R o O e el Retease
medeohtieBTa@bity nomcoimlsstittamndy rivgithemingetivity lealntsrcrelicthex at
stePoRle 2 A3 eeRiRIS NG o i fRea: o Bmaonduelvade alaw forin

communication with the line-side remote dimmers 504. Therefore, during
digneuaPuerite RSt ft PP dtgitnBer PS4 1 334 1L

limited while maintaining communication between the main dimmer 2302
[0an6] the renibtbekrimmeisiGom %l@&ﬁ@nﬂ&vxagmpﬁﬁ@dtmméﬁdhe
cSigeniam o4 g&ﬁe%?e'pa‘fl'gﬁﬂ]@fe%%%%?@i@@ﬂ)m%gﬁ?tﬂ@%ﬁﬁﬁ@@&ﬂ@@e%ﬁ%r 718.

circuits 2312, 2313 and the current sense circuit 2315 in greater detail.
Conrsationtrsites austibisionndds dpatabdva B5AlFbALYhnSPEBr8/1 and
cdmhdARMRdigdfeUisranssespishgaieverivecizaiiss 218d w38 2006, entitled
TR R BRI AN QIR AR R I3 B CONBRTAO IR hereby

, respe Y, Vila gate Fesistors
in20681888 B9 ROTAUS 20081006 187 R8IR 714 OctRmintd baye, dehthalangteof the

aJt%%E?e‘li'ﬂ"}lﬁé‘rr%fe?fZ1‘?)11:3{*&?efésﬁkﬁ%ﬁsﬂWée_a&%%Pis%gﬂ@' £haPRY LIS 1918, If the

coupled to the base of an NPN bipolar junction transistor Q2420 of the
toedt AR TRVETBHENR D31 Deing AcHuYRIIR (o JRBRIGMRSEN! KadhsdPrsRApien 4128
of @RiSianeea M- M) ansibe frst,gnte chinalaignabiotesiR \ht isthigion of the
l.e., at approximately the fqurth.non-isolated upply volta cca
tOSﬁCZ‘l 5%‘?&“@\‘%%“%&‘50{ ﬁ%art%%gﬁﬁ ﬂ“ﬂm rllé‘l? 8%\30 5) g%)? a? re}/senc%ly cgt? aY sg: 1922, the

is pulle n towards circuit’commo
cehnoligh A 4asistohRd2ingddogd draviipgahedisttinconfalg ki, ithurnates the

10@5@%%8&'8? ﬁ%‘fﬁl%‘é&?&é?f&? %H%@f%l%@@amg r@m%\{g #i9 ﬂgﬁting load
GT_DRV1is low (i.e., at approximately circuit commaon), the collector of

SQRaibr il RPEDIE YD isouille d Pt ehteuersinAlRnlighiatelpas ot step 1926.
FeHpavolagr N&Gcas tbravghiig tesisianRA4RaHe] gad halsngdairesistanebu fers

toftlorlllg%a,g?:ccordirfggl}i the fi.rsr“): g’e :l%lglis ggg]dgrc%gn cog&u%{y&a‘&h > a light
RS ate Grive’d cu&sfgfgchas a'Sifflar Stroctre arPcPopérates na
lesichilammanmhendibdmesfivagedate chiversetlic P83 Ived triinglbtots Omupdier 714

2430 My Re trpiemanted axPaikiel 2 dual J5ensisteHRARKAIR Gy 502 will
part number MMDT3904, manufactured by Diodes, Inc. [0139]The current

sense circuit 2315 is responsive to the voltage generated across the




sense resistor R23 17 and thus the current conducted through the FETs

2310, 2311. During the positive half-cycles, the first FET 2310 controls the

amount of power delivered to the lighting load 508. At this time, the

voltaYe 2eEsiidd across the sense resistor R2317 has a neg&fRFe/S2008/005187

magnitude with respect to the non-isolatéd circuit common. The current

sense circuit 2315 comprises a first comparator U2440 (e.g., part number

LM2903, manufactured by On Semiconductor) for rendering the first FET
trangmit Hhsrdimitabmesisasdriottie ssmepiesiamesederdrmtb sitghiorhargghe0), and
theesitive Dafreygles. A first reference voltage is provided to the inverting

input of the comparator U2440 and is generated by a resistive divider

prising 442 R2444 For Sl
R e e e B R o R BRI A it
thmlam@mwéfé%nééﬂvenagemmmﬁuﬁmumgma@e tﬂ@m@mmmélyle
hgm\’ngﬁbsdvsdtqg%mt%% e SenIQEEIOIRT R hfrbHCOMRIGEhER sNBgital message

non-inverting input of the comparator U2440 via a resistor R2446 (e &;\&h
A ey b S Sl e e ey
cdmmaﬁd&ﬁlaeﬁmemgemamteﬂq&@ ﬁﬂ@pbtcéﬁtt@gem)c@nmyatmwmler 714
SRR Ll P Erananea (B 8 N Ao e Sl iGN

Conditiols 18 ntly occurring, the Vo tage generatec}l across the

sense resistor R.2317 is such that the magnitude of the voltage at the
(03 8BLinvertirld tgare tResEivmprarater U8 aurpideinsaetatdinibe iosglifsemat
stqt thedlrmter@ﬂepmw&m ﬁﬂ)ﬁiﬁgl ameawtgamnu& ltiher@t@,riahmtautbﬂtoefme
S R S R D G PR
5GR08Y 3%&%9@@@8@@8@08 iBMQatasstbeoxpmmmmcﬁéaée@ theighithiagn

m%@t%qa'tl,tgl%atJatyVPéta&ea%PBagﬂ@egtté@éttggv@wt@fpﬂaemma?gwthe
U2440 decreases below the magnltude of the first reference voltage, at

lightien aade OtheThg FRsreler JigpiradordaRBiasheirpnreRBRIBYE! as
déteﬁape@imrﬁl%mkﬁ@@uptﬂaatadheaﬂemtm\tentingdmwaothetmoafatw 1938,

U244 d i t ti f th
A T T I RS B B B
migreage hmyinatoli dipketel kpouplédsthtrochsase @n‘sartpmn bmdtmgtmemtontensxty
13&@1%%99&@%&5@&950mﬁﬁﬁeé%t%%?ﬁms RANIRY A1RIStaNER Bf S

kfl). The base of the transistor Q2452 is pulled up towards the third
TXohINE ate 3% By RAoTRRGEE 9L Ugh a resistor R.2456 (e.g.
having a resistance of 220 kf2), such that when the output of the
[W8Miparator iR 240sis fitgrehireaf drsRalpa® 248042 08Adwhech is executed after the
c&%ﬁ&”ﬂ%%\’serht'&‘&{%? 'Eh@' HIRG AR RUREHERPICQNMHOR WHSTOHEOf the

output of the co SEParator 2440 is driven low, the transistor Q2452 is

ARSHABRIA CHHBRIET0R. WettoRmrgRieHer oftaificathnarare brtheitley piefihe

ligRik} l@wﬂmﬂlwmntﬁmpda BIACHIECOONONOR ‘dwpagmaxﬁb@datfaaéﬁ&a@mres
resistor R2f4691 : g

p tqv areS| ce of %O OI) such tthe flrtstF th
D TSP S 8 a0 B TR PR R AT e
totingh tyesistor2W5 B I8 iat@ttw@d e hnth iedrsel 6ifEX BEFeR3 $0chdhasithe main
d%ﬂe@%@é‘ésﬂ'afsefét[}tﬂcf&%t{attgétﬁcq{ &l %E%%é&@ HRRESEIGARKER $68 o

first PET 2310 to be non-conductive. The first gate drive circuit 2312 is

CRBUP B HIFENSEEBIER IREEPRISTFoTHS ﬂﬁ&tﬁﬁﬁgﬁ«aﬁgtgtbfr Boagsrelsga sets
ti EesistotR 2464 dentheBNING By RAiStaNEe: ofep 2622, When the diestraaiae 2000
drlve circuit 2312 is controlling the first PET 2310 to be conductive and the
Stput of the comparator U2440 is driven low during an overcurrent
condition, the transistor Q2462 is rendered conductive, The voltage at the

[HRlinvertingInBUESRARS ISR QOPE SAUE 1RSHARSS FRIWRIHSH BFfrcen difmain
dﬁﬁﬂ%ﬂ soztht@ ugéhe i anaistes §234h2/and eodipile BQ&ﬁﬁn&&hd@ﬂirﬁhﬁ

he comparator U2440 re ow and the transistor.

‘Pé(llj INs ¢ ?‘P (P'\R/hen the e congnoaﬂﬁrg 9% (tr((a)lg ?t%aﬁlrg%n%% fﬁiewcm’s
control S|gnal GT_DRVl high to turn off the first PET 2310, the base of the
transistor Q2462 is pulled toward circuit common and is rendered
non-conductive, thus resetting the current sense circuit 2315. The

transistors Q2452, Q2462 may be implemented as part of a dual-transistor
nackane aa nart ntimheaer MMDT20AA manitifactiired by DinAdac




WO 2008/133879PCT/US2008/005187 40 sense resistor R2317 has a
negative magnitude with respect to the non-isolated circuit common. The
current sense circuit 2315 comprises a second comparator U2470 (e.g.,

pan WarHEHBR12903, manufactured by On Semiconductor) foreHBepRj005187
the second FET 2311 non-conductive if'the event of an overcurrent

condition during the negative half-cycles. A second reference voltage is
generated by a resistive divider having two resistors R2472, R2474 and is

2 BIRYofiRLPISSEheCn B MRASaIRINY ARG BRaEPERETATRITANG TS fertomR dsimepifind at

thRAATPdiRATF 4020vR IRSISAREES 902 MRLAKBM RGNS/ KBB AtRER K04 a digital
reg&%%\&ely, uch that the second reference voltage has a nominal

e hsIprssaRT desRrptioR coptinpg g S M seminand and dheursiges data
cdrBaiing sheupie tthoutheoiohvetginghihhetvalue changared Y2 £atisaca For
resistor,R2476 (e.q., having a resistance of.3.01 La). The,inverting,input of
o e e S SRR R B e o e T DR
rositipp ROVBItdgeaiicoscd pragraniviog ROdET8 deseribhdiirggcatre dittalnoeghmonly-

astiaredB)s [BLAM RIING JaOr3al QPGS RIRELYBSIHE MATCH BROCICAVINPNES
not occurring, the voltage generated across the sense resistor R2317 is
VAL R

itbRientrRisdanagalarhich inberthgRpReER Y reference.
comparator U2470 is less than the magnitude of the second reference
[Qlélté}ge at _tﬂf@nbhimmﬁquoﬂ@‘amm oB bubktipeocotnpat 4dbrekzazgd
péﬁ&ﬁyﬁl}ﬁ%m&@ﬁt{m&rﬂu% Bk gy alinee 3eneLedaCRRH NASERERE 1t

resistor I'7 increases during an overcurrent condition, causing thé

thera dndisiimasesigniagehs ofdhalivritideiapi st tidedihbuifar pissr 70 1B the

cHEEERS T BRYa s aBNHE8 Oh e seantpRie tMEBe digHagtestiiéscditgins an
arator U2470 drjves the putput low towards circuit, common. A

A R ThR A e Tt R e A R B

des@dit{pto providsommael ay start3é 18ptheatiBiYidEahzecamedifsshisgheimeitory

798 RPS RS9t H&Bﬁ%ré‘ﬁ%@%%i@“ﬁql{éﬂﬁé@a%g adQLAR e, ‘B%}(.)‘?l}’évgf

the comparator U2470 is coupled to the base of a PNP hipolar junction
coramand st erpAd G iR mseaatdrtmoniBa digitpl MaRARGF &S rsEidRsTseat bFo: 21D at
skh)2 Whenetbsn eollept of thentianparatopk2 4 (5diglh, idveebpatiad 6heB of the
transistor 02482 is pulle towards the third non-isol C.suppl
o R g Tl TS B NADHE RS Qe Do 212>
QuObe ththsr rend eifitle thestran sistiofoQthd §2ht devad onohaeaivibis Py Hivepsify greater than

z%;&wmt cRpgifin ftﬁ@%&m}&@fxmﬁgme;mefolg%é@e@bmva@m124, and

the transistor Q2482 is rendered conductive. At this time, the voltage

ihpiRa A IBOMPRE REEIORE PETOS S ARIRHAR S BRI HARARGIPHARbE o 25 @ bar

gRRY 8 uchatiesistar-R2406 (Biehsinavfing gasigtiade of)226:4) 2sD6h That, the
the

C

C FET 2311 is rendered npn-conductive.. WO .

AT B T JRGETtEL 07 IS ie PP sk
desfiBiisd fopldbk tmebre deabeaof dre Nipitkbipstagduhstipr? i28rmidtbe @248mre 2100
cthrough a resistor R2494 (e.g., having a resistance of | lll). When the

second gate drive circuit 2313 is controlling the first FET 2311 to be
uctive and fhe output.of the co rator U2470 |s driven low durin
G ercurr i oAt R TRt ST oA et HLa o 2200
eTdvated hadeeabtie hori-Indeftihg iepoteainteccoiipaiito pid otine: 2200 hedins at

s%%%lwm CILe 1&8&%}?&%&3?‘91‘1H’s@g‘i@i@%i%?&@@é%?g’f‘@%@c@mﬂﬁler ie.,

488. Accordingly, the output of the comparator U2470 remains low, and

atfieetpapisTRiRg €5 s AREHEA Drrs It HANP R eddnd iEBIheaon oAbk 4
bBERsGORdCtivap It the aapeBalgat drhestikctinh 2843 sencepihe, the

second FET 2311 non-conductive. The cur, sense .circuit 2315 is reset
b T AR R o] Gt o Cote O e B
DRV highotoduinoii e SEmndE-ET B8 lincarls teanhasicvicheottarsigil of
FR249R8 isBulled: tawar el Gl M CRRUNRNAERABHRA R ANRISonidf B ent

non-conductive. The transistors Q2482, Q2492 may be implemented as

part of a dual-transistor package, e.g., part number NEVIDT3946,

manufactured by Diodes, Inc. [0147]Fig. 25 is a simplified block diagram

of a multiple location dimming system




2500 having a main dimmer 2502 and two remote dimmers 504 according

to a third embodiment of the present invention. According to the second
embodiment, the main dimmer 2502 must be located on either the
Ioadvé?c?@"é/flfﬁg%ystem 2500 (i.e., directly to the lighting load Sy AS2008/005187
shown in Fig. 25) or the line-side of the’ system (i.e., directly to the AC

power source 506). [0148]Fig. 26 is a simplified block diagram of the main
dimmer 2500 and the remote dimmer 504 according to the third

raOSRRIGNE EH TGE hang RS i SAtILRALT A 1R8I GR RSt By BBIe ot ey
coBhnglRi SadtE vne &f&ﬁ@lhﬂﬁsﬁcm@p@d@egwe@mhemmmeenmé tBrniBals

| and th accessor erte nal h that the .switching circuit ..
c°28§§ ‘&8&?3 %n%f ﬁ!}o df’or the éxssgr?s%&pp‘%/%ﬁ oc% ei‘rem unicatio
tirdérpenied FR4umA totapdlREB26tmudntrohitne sutitd ipingedincut2068 38its be

conductive to allow the power supply 730 of the remote dimmer 504 to
[oeBarge duriggad ahpdiing Hfmagamahamml&@tmetM@Mﬁmem and the

5 e ST e 1 S CEULEie S SRS conv

systeuphdd mayeveas duéfied esirth eh G qp v fso wiitbes06imanohther Imglanmgﬂ d=d

remore &) é\ﬁuﬁn W?ﬁ%ﬁﬁn%@nﬁg& §q‘9ﬁ$lig%9%‘d &%%&g@%% 9%‘4&&% to adjust

current throug € power supply urin Ine. However,

lm%amemenmmemwzgrﬁw\#em@neémbm ewwemﬂmmqﬁ%aﬁveﬁeﬁd

proR AN YRIRLLYY SETiIES Ml the BWHENNE & I500 b O30 fen e Hhes04).
current through the power supply 730. WO

/13387 A 4
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| S%pnﬁ@@haagn@tmﬁ@wmmm‘m@am&lmmﬁwnemdéﬁweeﬂwtﬂﬁéwmh of the
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€ accesgsory dimmer termina SucC al elve (0)
T T iy p RE e s e BMT&WF{% J@f§§ 8 tﬁ‘ﬂqe FETs
23&tndse lclmmmrtﬁﬂléd Phe cmntodilée@%tmasﬁmoenabmdmdmmvandcmts 2312,
24pER A ey hR AR oM 2 AlinasaRmERiataT.,

d elyf owin

time imme e charging time. The main dimmer 2
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Oow-vQo circuitry o e mailn aim e 1N
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source 506 a ot termin he remote dimmers 504,

a@irﬁéeem@frﬁéﬁﬁﬂ M&@mwm&@eeﬁﬁf@fﬁeptﬁevro%@&%ﬁ% of the

cmnﬁhmm&y%m ?@g@ e m&@mme&@@&%&amﬁi@ﬁaﬁse&mr example,
switching circuit conductive an at ith the remote

« GHATAGRE Sl dtfing B SR UTAH FRE) I brold A6 WERATRSSTER For

re3kaom BIES MWhecotipdethtithelmmsol2602irswouptedoto the load-side of the
system 2500, the main dimmer allows the power supplies 730 of the

dé?fﬁpte dlgnorgqeg&ﬁ%hwa charem g f&ﬁ@mﬂw %M&h\@ﬁd%ﬁﬁéﬁxg}mng load
immers uring the positive C er ha e main
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1 thaod ehaneheoemtimmniaa i withfth¢heerateutdinaner s 5l dUningptpes between the
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[0182]The values piovided herein for the values and part numbers of the
components




described herein (e.g., as shown Figs. 8, 9, 10, 23, and 24) are provided

as examples in regards to the embodiments of the present invention and
should not limit the scope of the present invention. For example, it would

be W&hARA#iHEHe capabilities of one having WO PCT/US2008/005187
2008/133879PCT/US2008/005187 43 Sfdinary skill in the art to modify the
values of the components of Figs. 8, 9, 10, 23, and 24 and still obtain the
load control system of the present invention. MCSLLY WO
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negative half-cycles, the controller 2314 renders the both FETs 2310, 2311 conductive at the
beginning of the half-cycles, and then renders the second FET 2311 non-conductive to adjust
the amount of power delivered to the lighting load 508, while controlling the first FET 2310
to allow for the charging of the power supplies 1130 and communication with the line-side

remote dimmers 504,

[0136] The sense voltage generated across the current sense resistor R2317 is
provided to a current sense circuit 2315, which overrides the control of ihe FETs 2310, 2311
to turn off the FETs in the event of an overcwrrent condition. Specifically, if an overcurrent
condition is detected, the current sense circuit 2315 renders the first FET 2310 non-
conductive during the positive half-cycles and the second FET 2311 non-conductive during
the negative half-cycles. The FETs 2310, 2311 are maintained non-conductive for the
remainder of the half-cycle, and the controller 2310 resets the current sense circuit 2315

before the beginning of the next half-cycle.

[0137] During an overcurrent condition, the controller 2314 is still operable to control
the first and second FETs to selectively couple the current limit circuit 732 and the
transceiver 734 in parallel with the line-side and load-side remote dimmers 504. When the
current sense circuit 2315 renders the first FET 2310 non-conductive during the positive half-
cycles, the controller 2314 controls the second FET 2311 to be conductive to allow for
communication with the load-side remote dimmers 504. When the current sense circuit 2315
renders the second FET 2311 non-conductive during the negative half-cycles, the controller
2134 controls the first FET 2310 to be conductive to allow for communication with the line-
side remote dimmers 504. Therefore, during an overcurrent condition, the current through
the FETs 2310, 2311 is limited while maintaining communication between the main dimmer

2302 and the remote dimmers 504.

[0138] Fig. 24 is a simplified schematic diagram of the main dimmer 2302 showing
the first and second gate drive circuits 2312, 2313 and the current sense circuit 2315 in
greater detail. The controller 2314 provides gate drive control signals GT_DRV1 and
GT_DRV?2 to the first and second gate drive circuits 2312, 2313, respectively. The gate drive
circuits 2312, 2313 are coupled to the FETs 2310, 2311, respectively, via gate resistors




a main load control device adapted to be coupled in series electrical
connection between the AC power source and the electrical load for

control of the amount of power delivered to the electrical load, the main
loaddEPeIEREVAce operable to conduct a load current from the? ATYSepes187
source to the electrical load; and 383 remote load control device
adapted to be coupled in series electrical connection with the main load
control device between the AC power source and the electrical load, such
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Urifi Lok ARk pRe Pt IHEPRERIIRIRIT O i Rs R By PiRdeRfent limit
level during the first time period of the half-cycle and to a second current
(0131 level dtinguitensesoaditimié 33dhoe re$ribmsivalfodirclenltads geherted/@ross the
86%99%&?553@?@%%39&%@%@ Eotucted thromph (IS 1234 SOMTOL BYSEIMing
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wherein the digital message comprises a command to control the amount
oyﬁrwgf cRRRReR §4 a8 dhfpepitive half-cycles. A first reference voltage is provided to

the inverting input of the comparator U2440 and is generated by a resistive divider
comprising resistors R2442, R2444, For example, the resistors R2442, R2444 may have
resistances of 36.5 k() and 8.66 kQ, respectively, such that the first reference voltage has a
nominal magnitude of approximately 1 V. The voltage across the sense resistor R2317 is
coupled to the non-inverting input of the comparator U2440 via a resistor R2446 (e.g., having
a resistance of 2.15 k€2) and the non-inverting input is pulled up towards the fourth non-

1isolated DC supply voltage Vceq via a resistor R2448 (e.g., having a resistance of 6.8 k(2).

[0140] When an overcurrent condition is not presently occurring, the voltage
generated across the sense resistor R2317 is such that the magnitude of the voltage at the non-
inverting input of the comparator U2440 is greater than the magnitude of the first reference
voltage at the inverting input. Therefore, the output of the comparator U2440 is driven high.

During an overcurrent condition, the magnitude of the voltage generated across the sense




8. The load control system of claim 5, wherein the digital message
comprises amount of power presently being delivered to the load.
9. The load control system of claim 1, wherein the remote load control

devit8 HittHeedmprises a visual indicgfor for providing feedbAGLHY 081005187

user. 10. The load control system of claim 9, wherein the visual
indicator is illuminated to display an amount of power presently being
delivered to the electrical load. The load control system of
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conapEaxinately 2 msec and the second time period is approximately 3.75
msec.

[0142) After being rendered conductive, the transistor Q2452 is latched on, such that
the first FET 2310 remains non-conductive until the first gate drive circuit 2312 attempts to
control the first FET 2310 to be non-conductive. The first gate drive circuit 2312 is coupled
to the base of an NPN bipolar junction transistor Q2462 through a resistor R2464 (e.g.,
having a resistance of 1 kQ2). When the first gate drive circuit 2312 is controlling the first
FET 2310 to be conductive and the output of the comparator U2440 is driven low during an
overcurrent condition, the transistor Q2462 is rendered conductive. The voltage at the non-
inverting input of the comparator U2440 is pulled down towards circuit common through the
transistor Q2462 and a diode D2466, such that the output of the comparator U2440 remains
low and the transistor Q2452 remains conductive. When the controller 2314 controls the first
gate drive control signal GT_DRV1 high to turn off the first FET 2310, the base of the
transistor Q2462 is pulled toward circuit common and is rendered non-conductive, thus
resetting the current sense circuit 2315. The transistors Q2452, Q2462 may be implemented
as part of a dual-transistor package, e.g., part number MMDT3946, manufactured by Diodes,
Ine.

[0143] During the negative half-cycles, the second FET 2311 is operable to control

the amount of power delivered to the lighting load 508 and the voltage generated across the




18. The load control system of claim 1, wherein the first time period occurs
before the second time period each half-cycle. 19. The load
control system of claim 1, wherein the main load control device and the
rem®te HRUEPHevice form a communication path that does not{pHE82008/005187
through either the AC power source or e electrical load. 20. The
load control system of claim 1, wherein the remote load control device is
adapted to be located on either the line-side or the load-side of the load
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comprising a power supply, the load-side remote load control device
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a first time period of a positive half-cycle of the Acci)lxgower source. 21Th

FUEPEBATNS, SISO HUHGA S HRAHAIGER SgpRRgpior U2470 s driven

high. The magnitude of the voltage generated across the sense resistor R2317 increases
during an overcurrent condition, causing the magnitude of the voltage at the inverting input
of the comparator U2470 to increase above the magnitude of the second reference voltage.
Thus, the comparator U2470 drives the output low towards circuit common. A capacitor
C2480 is coupled to the non-inverting input of the comparator U2470 to provide some delay
in the operation of the current sense circuit 2315 and has, for example, a capacitance of 150
pF.

[0145] The output of the comparator U2470 is coupled to the base of a PNP bipolar
junction transistor Q2482 through a resistor R2484 (e.g., having a resistance of 2.2 k).
When the output of the comparator U2470 is high, the base of the transistor Q2482 is pulled
up towards the third non-isolated DC supply voltage Vccs through a resistor R2486 (e.g.
having a resistance of 220 kQ), thus rendering the transistor Q2482 non-conductive, During
an overcurrent condition, the output of the comparator U2470 is driven low and the transistor
Q2482 is rendered conductive. At this time, the voltage at the gate of the second FET 2311 is
“shorted out” through a diode D2488 and a resistor R2490 (e.g., having a resistance of 220

), such that the second FET 2311 is rendered non-conductive.




device is operable to communicate with the load-side remote device

during a second time period of the positive half-cycle, and to communicate
with the line-side remote device during a second time period of the
negAYNERHIEBRle. 24. A load control device adapted SIS 4pp/405187
load control system for controlling an arfount of power delivered to an
electrical load from an AC power source, the load control system

comprising a remote control device, the load control device comprising: an
[ddebssory tE€hmsnetradzatealive Geceivdpledsectmedsindie kasaobie dVRebipolar
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semiconductor switch for rendering the bidirectional semiconductor switch
traps ot e48AddA CBAY he dplemented as part of a dual- transistor package, e.g., part

number MMDT3946, manufactured by Diodes, Inc.

[0147] Fig. 25 is a simplified block diagram of a multiple location dimming system
2500 having a main dimmer 2502 and two remote dimmers 504 according to a third
embodiment of the present invention. According to the second embodiment, the main
dimmer 2502 must be located on either the load-side of the system 2500 (i.e., directly to the
lighting load 508 as shown in Fig. 25) or the line-side of the system (i.e., directly to the AC

power source 506).

[0148) Fig. 26 is a simplified block diagram of the main dimmer 2500 and the remote
dimmer 504 according to the third embodiment of the present invention. The main dimmer
2500 comprises a single switching circuit 2636 coupled between the dimmed hot terminal
DH and the accessory dimmer terminal AD, such that the switching circuit 2636 provides a
charging path for the power supply 730 of the remote dimmer 504. A controller 2614
controls the switching circuit 2636 to be conductive to allow the power supply 730 of the
remote dimmer 504 to charge during a charging time each half-cycle of the AC power source
506. After the charging time, the switching circuit 2636 is rendered non-conductive. During
the charging time, the power supply 730 is coupled in series between the AC power source
506 and the lighting load 508. As shown in Fig. 26, the switching circuit 2636 does not limit
the current through the power supply 730 during the charging time. However, the main
dimmer 2502 may further comprises a current limiting circuit (not shown) coupled in series

with the switching circuit 2636 for limiting the current through the power supply 730.




26. The load control device of claim 25, further comprising: 5a line-side

load terminal adapted to be coupled to the AC power source; and a

load-side load terminal adapted to be coupled to the electrical load;
wheYéir it Bi#itectional semiconductor switch comprises two FET&SE{08/005187
anti- series connection between the liné%side load teiminal and the

load-side load terminal, the sources of the FETSs coupled to a circuit

common. 10 27. The load control device of claim 26, wherein the
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power delivered to the load by rendering the first FET conductive during
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coneghtiveshalieyeles. 129.vonedeascannie e viam distasm 25, further

comprising: 25a line-side load terminal adapted to be coupled to the AC

[olPsYyer Sour%i?ﬁﬂﬂe main dimmer 2502 is shown on the load-side of the system 2500 in
Figs. 25 and 26, the main dimmer 2502 could alternatively be coupled to the line-side of the
system 2500, with the dimmed-hot terminal DH coupled to the AC power source 506 and the
hot terminal H coupled to the remote dimmers 504. Since the main dimmer 2502 is coupled
to either the load-side or the line-side of the system 2500, the main dimmer 2502 only renders
the switching circuit 2636 conductive and communicates with the remote dimmers 504
during every other half-cycle of the AC power source. For example, when the main dimmer
2502 is coupled to the load-side of the system 2500, the main dimmer allows the power
supplies 730 of the remote dimmers 504 to charge and communicates with the remote
dimmers 504 during the positive half-cycles. On the other hand, the main dimmer 2502
allows the power supplies 730 of the remote dimmers 504 to charge and communicates with
the remote dimmers 504 during the negative half-cycles when the main dimmer is coupled to
the line-side of the system 2500. The main dimmer 2502 does not need to retransmit digital

messages in subsequent half-cycles.

[0151] 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.

[0152] The values provided herein for the values and part numbers of the components
described herein (e.g., as shown Figs. 8, 9, 10, 23, and 24) are provided as examples in
regards to the embodiments of the present invention and should not limit the scope of the

present invention. For example, it would be well within the capabilities of one having




a load-side load terminal adapted to be coupled to the electrical load;
wherein the bidirectional semiconductor switch comprises a triac coupled
between the line-side load terminal and the load-side load terminal.
3030 T RWigasontrol device of claim 29, further comprising: PCEH2908/005187
switching circuit coupled to the load-sid¥ load terminal, such that when the
first switching circuit is conductive, the power supply is operable to provide
the supply voltage at the accessory terminal and the transceiver is
orgipera bkl ltin ety modifie teivaldrgitdltheeosmposnitp fideactes I@h23, and 24
antEERBLAH NG ROSINE Y pe srma Rk aRRineaang, switching circuit
coupled to the line-side Load terminal, such that MCSLLP WO
2008/133879PCT/US2008/005187 49 when the second switching circuit is
conductive, the power supply is operable to provide the supply voltage at
the accessory terminal and the transceiver is operable to transmit and
receive digital messages via the accessory terminal during the negative
half-cycles; wherein the controller is operatively coupled to the first
and second switching circuits for selectively rendering the first and second
switching circuits conductive on a complementary basis. 31. The
load control device of claim 24, further comprising: a power supply
for generating a supply voltage, the power supply having an output
operatively coupled to the accessory terminal, such that the supply
voltage is provided at the accessory terminal during the first time period.




32. The load control device of claim 31, further comprising: a

current limit circuit operatively coupled between the output of the @ower. P

supply and the accessory terminal, the current limit circuit adapted to limit

the WAGIMIRUEBYf the current through the accessory terminal. PCT/US2(B8/005187

The load control device of claim 32, wh&kein the current limit circuit is

operable to limit the current through the accessory terminal to a first

current limit level during the first time period of the half-cycle, and to a
Waelosnthiougdasit limit level during the second time period of the half-cycle.

34. The load control device of claim 33, wherein the switch time period is
Ckabgintially equal to the charging time period plus the communication

time period. 35. The load control device of claim 33, wherein the

first current limit level is approximately 150 rnA, and the second current

limit level ist approkinmateiie 16k atidn load conti®bsykheml fadounitiohglevmecoht of
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coupled to Heaideadcaniaeidievice adapiqi & Bosrimled Wrsuecdepratio the
coprdrzif 8dend terriabsvaistuaienhe hthgebifst auitehin:siesioisthe amount of

BTSSPl DS CPeiabe f B e BRI
cureneifrerdigital G pssagenviattithadeassalyote;mdal during positive
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connection with the main load control device between the AC power source and the electrical
load, such that the remote load control device is operable to conduct the load current from the
AC power source to the electrical load, the remote load control device adapted to be further
coupled to the main load control device through an accessory wiring, the remote load control
device comprising a power supply;

wherein the main load control device is operable to enable a charging path to
allow the power supply of the remote load control device to charge through the accessory
wiring during a first time period of a half-cycle of the AC power source, the main load
control device and the remote load control device operable to communicate with each other

via the accessory wiring during a second time period of the half-cycle.

2. The load control system of claim 1, wherein the main load control
device generates a supply voltage and provides the supply voltage on the accessory wiring to

allow the remote load control device to charge the power supply.

3. The load control system of claim 2, wherein the main load control
device limits the current supplied to the remote load control device across the accessory

wiring.

4. The load control system of claim 3, wherein the main load control
device limits the current supplied to the remote load control device to a first current limit
level during the first time period of the half-cycle and to a second current limit level during

the second time period of the half-cycle.




a second switching circuit coupled to the line-side load terminal, such that
when the second switching circuit is conductive, the power supply is

operable to provide the supply voltage at the accessory terminal andthsLLP
transgeiy@sigsperable to transmit and receive digital messagesaiait@s/ 005187
accessory terminal during the negative kalf-cycles; wherein the
controller is operatively coupled to the first and second switching circuits

for selectively rendering the first and second switching circuits conductive.
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nBfsagkevaiththe eostrpbaringhenstte fistndtitohirg edrofliihebaldytile
during the positive half-cycles and the second switching circuit conductive
during the negative_half-cycles. 9. The load control device of
claim 31, wierein ¥ rfl?f\%’lltéﬁséegb?iﬁhggg a"ﬁ’c?ﬁe-‘i’éé 31@8’55@“1 control
deeoitadecharacterizetlbyl frealbatl ced pirairalevioes dfatimennid theldegeahrbiessage
harging path compris irst switching circuit such that when
ct%1mep f%gfggv%ﬂ%ﬁ%mc%gﬁtﬁ |S§ tégr? u%r%lg\%gpt%g fie%%glt%) %gatﬁ%bntrol device is
operable to draw current through the accessory terminal. 41. The
load controldeviceraé tdaiaotdroluiiien edripiist)gvherein theadigtaharssage

cSaRied fo e controlle and adapied 4o tore AR AdYACRA piooramming
eature; wherein the digital message comprises a command to
adjust the advanced programming feature. 42. The load control
device of clam 24 Twhrrgirdhedlligirhnestages jrahaeititthe digithenessage
accessor terrpgl}al cor{rllé)rlse a,command t gc;p

I f
cQMmDTises Smotnt of power Hressy Pfg’gggdf e £ Etr the amount of power
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9. The load control system of claim 1, wherein the remote load control

device further comprises a visual indicator for providing feedback to a user.

10.  The load control system of claim 9, wherein the visual indicator is

illuminated to display an amount of power presently being delivered to the electrical load.

11.  The load control system of claim 1, wherein the remote load control
device further comprises a wireless communication circuit adapted to be coupled to a

wireless communication link.

12. The load control system of claim 11, wherein the remote load control
device is operable to transmit a wireless signal representative of an amount of power

presently being delivered to the electrical load via the wireless transmitter.

13.  The load control system of claim 1, wherein the remote load control

device further comprises an audible sound generator.

14. The load control system of claim 1, wherein the main load control
device comprises an air-gap switch coupled such that the load current has a magnitude less

than approximately 0.5 mA when the air-gap switch is opened.




43. The load control device of claim 24, wherein the digital message

received via the accessory terminal comprises amount of power pregeatly p
being delivered to the load. 44. A load control device adapted for

use wa@sdssgntrol system for controlling an amount of powerrdaliveraedoos187
to an electrical load from an AC power séurce, the load control system
comprising a remote control device, the load control device comprising: a
line-side load terminal adapted to be coupled to the AC power source; a
load-side loasl. terrﬂ‘imloadapmdltgfberﬁeﬂaladatn thieeiactitaghloadpadicontrol

daccessor terminal ada te to be ugg q e remote c troI dewce
evbce com [}/nse an alr: cg Pn h cou eﬁ c the loa ﬁmagm Ude less
iaifechoRa Semico uctor S coup &4 serles e ec rlca

teorapectiomeln® émihevlise thidurtgapisteitalinadparddhe load-side load
terminal for controlling the power delivered to the electrical load, the

bidirectional, semi uc itch comprising a control.i |n ut;

controller o §ratlvcﬂ3‘/(ilgﬁp e \%t‘ ét%%néé ‘rgbi’t oP?ﬁc th{‘)e raenétll%%d ?Omml device
agé thicenduictoadoentiofde venderivgtidebidimadtiontik deadicomehi dtomshvitéle
pB%Q%QHXQ B IRREAAY Y ihout 2 ne A NRYSISHERY 10X JENEIAAIR e AC

supply voltage, the power supply having an output operatively coupled to
PRYEREMESS0ry terminal, such that the supply voltage is provided at the
accessory terminal during a switch time period,; a transceiver

operable to feansmy, i kReaivG NGl S‘P%ﬁa ‘xé BdhG %%§§§19{éf£&nod is

terminal during a communication time perio each cyc eofrt
apprEimsbtlyckmsec and theiseeonditehtrigreadisieeprapieatedtBd joaskside load

terminal, such that when the first switching circuit is conductive, the power

supply is opggable {p oide. 108 SUpRbYRIAYA A 1Be ASGERRON ARG

and the transceiver is opera e to ransmit and receive |g|ta1 messages
opRaEhee frre dhssersonsk Hiltean divdrighduitiviy telf-cycles; and a
second switching circuit coupled to the line-side load terminal, such that

when the seﬁgnd qggagccwc it s, con %é[%e the Dower Gl.Sup P'IYO Cﬁl’étl‘()l

operable to provide fie supp?y volta age at the acéessory termin
dreinsenil/ibe sopirepiEabdeans fomaadomanivieadientasin Bus dgesngicpase through

eﬁﬁ@ﬁﬁ%%%%ﬂ%xﬂb‘é'BQﬂE@%l@&%ﬁM@aﬁaﬁ cycles; wherein the
controller is operatively coupled to the first and second switching circuits

for selectively rendering the first and second switching circuits conductive
on a completRentafpdlesié control system of claim 1, wherein the remote load control

device is adapted to be located on either the line-side or the load-side of the load control

system,

21. The load control system of claim 1, wherein the main load control
device is adapted to be located on either the line-side or the load-side of the load control

system.

22. A multiple location load control system for controlling an amount of
power delivered to an electrical load from an AC power source, the system comprising:

a main load control device having a line-side terminal adapted to be coupled to
the AC power source, a load-side terminal adapted to be coupled to the electrical load, and an
accessory terminal;

a line-side remote load control device comprising a power supply, the line-side
remote load confrol device adapted to be coupled to the line-side terminal and to the

accessory terminal of the main load control device, the main load control device operable to
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control device of claim 44, wherein the current limit circuit is operable tg;c5) | p
limit the current through the accessory terminal to a first current limit level
during@2ebergiswy time period of the half-cycle, and to a secondeetimesbos/ 005187
limit level during the communication timé7period of the half-cycle.

46. The load control device of claim 45, wherein the switch time period is

ensbilesf@inéiatiargsaldm tbalRalGHD HEIS PGS Y STNR SR REONCRNGEE to

time Are ofe load con roldeV|c dapted. for, elna
enifBE BRNE e seorthd KBl Lo S e PR adriatng poeior

thekeCtpieatioadrfroandn AC power source, the load control device
CoMPprising;, §) ACLRTIHMIF5H Bekrol dev1c@ct5§1[ﬂ§ﬁ91§%r ‘BR%F%'BWQ the load-

transmit and receive dlglta| messa%ﬁ'j via the accessory termln

sidg gnetslerdpratErhAsyicRdaRier proguried snise fe?%ﬁgmﬁﬂﬁglaa@é to the
actesRMInahigdigitad MasIsstsHiviRR AccaEs Y AabRiRBlAMdevice ope?able to

er sup coy Ied accessory terminal for r ceiving a supply .
er R o0 TP LRI SIOTAAG SERETRILO Gt fmote device to
chmtgp— magtghudeda@smiyagmﬁigrdpnmgam figstienepatiodlef;a positivevuhEreyol ¢l the

ABQ Wgﬁ%ﬁ@féx is operable to charge from the supply voltage during a first
time period of a half-cycle of the AC power source, and the controller is

operable to transmit and receive the digital message during a second time
period of thzshalf- Tyelbad control #8tehhefrdmate?loskkromthel mysidsadodfontrol

t of .
T

peapélafﬁhasomwnéalé@mm simbtoscomuanineic Midh for inovidimgreseidedketduring
a #4432 time period of the negative half-cycle.

24. A load control device adapted for use in a load control system for
controlling an amount of power delivered to an electrical load from an AC power source, the
load control system comprising a remote control device, the load control device comprising:

an accessory terminal adapted to be coupled to the remote control device;

a charging path for allowing the remote control device to draw current through
the accessory terminal;

a transceiver operable to transmit and receive digital messages via the
accessory terminal; and

a controller coupled to the charging path for controlling the charging path to
allow the remote control device to draw current through the accessory terminal during a first
time period each half-cycle of the AC power source, the controller further coupled to the
transceiver for transmitting and receiving the digital messages via the accessory terminal

during a second time period each half-cycle of the AC power source.

25.  The load control device of claim 24, further comprising:

a bidirectional semiconductor switch adapted to be coupled in series electrical
connection between the AC power source and the electrical load to control the power
delivered to the electrical load, the bidirectional semiconductor switch comprising a control
input;

wherein the controlier is operatively coupled to the control input of the
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50. The remote load control device of claim 49, wherein the visual
indicator comprises a linear array of light-emitting diodes. 51. The
remote load control device of claim 50, wherein the light-emittingiglioges
are selectively illuminated to display a@mount of power presently being
delivered to the electrical load. MCSUP WO

%QQ@&%?I%@%R}%W§&QP%M¥ éﬁdering'sglem@if@crﬁgﬁgllQ&gig&m{fEkor switch

evice of claim 48, further comprising: a wireless communication circuit
GadBaY eebeBnenBgd el iavireless communication link. 53. The
remote load control device of claim 52, wherein the controller is operable

to tran3fnit a Wirelead cogial dsyiesahtaiiie F thithensompsrpsiver

presentlyReing deliyeresita theplaeiicrl oagviadhsvielsssdransmitiand
54. The remote load control device of claim 47, further comprising: an

actuatéredtipidd eadriereintianepied [ Ssiamgladisdhmplasiocaidoad;
controlgfe@ifthe bidircdl AN RIRBOHML BRR]AARCEAHRISD (O ERETS in anti-

controller, such that the controller is operable to cause the audible sound
eiee LaRaet gR Rerake APS e doleAd rrriaplorekths rdistdadend deinal

@et@iRles of the FBPs Aotjgdaad otrenirelinghén amount of power
delivered to an electrical load from an AC power source in a load control

systenpncluding Raaisieadieonk dfderise analriamneiedopdtrAi Y perable to
device, the me d com risin

S charging a power supply of the
BBl bt ULy 8 AR e R S Rl o gmete
AatROeVisow eRaantrrent thr MU ARG igHal MMesrRgRI Relwenoad
tg]gge gmg?éhl %ﬁﬁggpg?ﬁo nﬁtﬂnrojltf%ﬁél%eg%%%ﬁ%% Eﬁrg]?toatierrlgsasgg%oxqg?ﬂlg ggcl(égsgyyr Itre]:(f:'rrgnal, and
to render the first FET conductive during the negative half-cycles to allow the remote

control device to draw current through the accessory terminal and the load-side load

terminal and to transmit and received the digital message via the accessory terminal.

28.  The load control device of claim 27, wherein the controller is operable to
control the amount of power delivered to the load by rendering the first FET conductive
during the positive half-cycles and the second FET conductive during the negative half-

cycles.

29.  The load control device of claim 25, further comprising:

a line-side load terminal adapted to be coupled to the AC power source; and
a load-side load terminal adapted to be coupled to the electrical load,;
wherein the bidirectional semiconductor switch comprises a triac coupled

between the line-side load terminal and the load-side load terminal.

30.  The load control device of claim 29, further comprising:

a first switching circuit coupled to the load-side load terminal, such that when
the first switching circuit is conductive, the power supply is operable to provide the
supply voltage at the accessory terminal and the transceiver is operable to transmit and
receive digital messages via the accessory terminal during positive half-cycles; and

a second switching circuit coupled to the line-side load terminal, such that



56. The method of claim 55, further comprising the step of: providing a

supply voltage to the remote load control device; wherein the ste%ﬁ

of charging a power supply comprises charging the power supply ot'tha -

remete hoeshgmirol device from the supply voltage during the firsthig»os/005187
period of the half-cycle. 57. The method of claim 56, further

comprising the steps of: limiting the current drawn by the power supply of

the remote load control device during the first time period of the half-cycle

wheratligstdene bwithing R WIQs 20084238 1oV &3 pR8H 6 R 54 p;}ovide the
58, The methqd of claim 57, further comprising the ste f: limiting the

S T B R Set A T, TP RATVET raiRe P TN A

ree@iquigﬂei/mm@gasséwmhmmodwtmmmmwdhngaﬁmibdfafymes;
haIf-cyCI(?. wherein tﬁg J&?oﬂé?ﬁ@%ﬂe%tﬁ_lé\%r@ﬁﬂé/&hﬁl ';cﬁwﬁltxlg?aﬁ@&égnd switching

.communicating further comprises ‘shorting the supply voltage to reduce
CiRt{aE ey oY sadstipg ihe drsigadsesopd exirhine Areniyp ranductivgpn a
cohtiemethedmtilaim 56, further comprising the steps of: enabling

a first charging path for charging the power supply of the remote load

control device during a positive half-cycle; and enabling a second

charging path for EhatetdgenEP reesipnmtthérdsicemeasinontrol
device durinpaRESRPIG faRlfr¥ed8ing a supply voltage, the power supply having an

output operatively coupled to the accessory terminal, such that the supply voltage is provided

at the accessory terminal during the first time period.

32.  The load control device of claim 31, further comprising:
a current limit circuit operatively coupled between the output of the power
supply and the accessory terminal, the current limit circuit adapted to limit the magnitude of

the current through the accessory terminal.

33, The load control device of claim 32, wherein the current limit circuit is
operable to limit the current through the accessory terminal to a first current limit level during
the first time period of the half-cycle, and to a second current limit level during the second

time period of the half-cycle.

34.  The load control device of claim 33, wherein the switch time period is

substantially equal to the charging time period plus the communication time period.

35, The load control device of claim 33, wherein the first current limit

level is approximately 150 mA, and the second current limit level is approximately 10 mA.

36.  The load control device of claim 31, further comprising:

a line-side load terminal adapted to be coupled to the AC power source;

a load-side load terminal adapted to be coupled to the electrical load;

a first switching circuit coupled to the load-side load terminal, such that when
the first switching circuit is conductive, the power supply is operable to provide the supply
voltage at the accessory terminal and the transceiver is operable to transmit and receive

digital messages via the accessory terminal during positive half-cycles; and




61. A multiple location load control system for controlling an amount of

power delivered to an electrical load from an AC power source, the MCSLLP
system comprising a main load control device and a remote load control
devi® 1H8/18fFbvement comprising: means for providing a supgRUrSKEPEs187
to the remote load control device; S means for charging a power

supply of the remote load control device from the supply voltage during a

first time period of a half-cycle of the AC power source; and means

for commuAiteEend Haiehing siispigeeuplediedhethesrridnltad deomineblyelibat

wiRRdH %E@H&@@ll@ﬁ‘i@@i‘?@[ﬂl S RYIRRANENG A8eeP Seh i S RBERHI0tMBovide the
half-cycle. 62. A multiple location load control system for

SHBBW&H {7 AN AGCAT P SRR m@é@%&%@%ﬁ%{éemﬁw&%@ framiaih ug
reqiveali sicllinessdpessyitei® e@@éﬁsﬂfxﬁﬁ magnmax dumig mauibgmdeqmrrqm@wce

having a hot terml be coupled to the o rce
dimmed hot’ errfﬁ?naleagg%é)tg "6 E:a(%ﬂ et‘éalteggtrlcal Ond Smmhmg

cimyie seoglaettneiyakndering the ﬁmg@demmmmhnh@ommtmawbpted
. to be coupled to the hot terminal and to the accessory terminal of the main

load contro] gdevic load- ote load ntrol device

adapted to %)‘?e cou%feoc ?o ﬁ?gtﬁ’l med ﬁ%&@?ﬁ%’a‘fﬁﬁ&l §°é‘cces§68r3?p erable
to temmmivictho fitlseantes ecloaich wéinbiog devids;to control wieemautih efaccessistyvered to
migppinal of the main load control device is coupled to the line-side remote

load control device and the load-side remote load control device through

an accessory wiring, the main load control device operable to transmit and

receive digital Wmmowramgﬁﬁmmmam%mmagesqmmehéers the

ﬁJ&%@w?éﬂ%é%ﬁP&H? éQR&SROér&lrﬂF‘%"f!ﬁ? p%'lr l‘rflalff %ge X%% s@@&g)swnchmg

transmit and receive digital me es Wlt -SI e remote load
cigsyiftrondesiive dinedhs sesvivg halifoyite |mmed|ately following the first
half-cycle. 63. The load control system of claim 62, wherein the

main load trol ice. t
messagesc\’/fvélrt.'h thgﬁgé%g%ﬁﬁgﬁcggﬁ cqgﬁ:%é?ﬂgé%g?%grfﬁ?pggﬁ&%ge
comgfisgrctenaiselats drBivsyeitassd receive digital messages with the line-side

remote load control device during negative half-cycles.
40. The load control device of claim 24, wherein the charging path
comprises a first switching circuit coupled such that when the first switching circuit is
conductive, the remote load control device is operable to draw current through the accessory

terminal.

41.  The load control device of claim 24, further comprising:

a memory coupled to the controller and adapted to store an advanced
programming feature;

wherein the digital message comprises a command to adjust the advanced

programming feature.

42.  The load control device of claim 24, wherein the digital message
transmitted via the accessory terminal comprises a command to control the amount of power

delivered to the load.




64. The load control system of claim 63, wherein the main load contraliGSLLP
device comprises an actuator and is operable to transmit a first digital
message in response to an actuation of the actuator. 65. The load
conw@l HP8tEBTf claim 64, wherein the main load control devi®E®&US2008/005187
operable to transmit the first digital mesdage to the load-side remote load
control device during the positive half-cycles, and to transmit the first .
digital message to the line-side remote load control device during the
negative hai}-cycl€sditnadaniztelydévizing dive 2e gdbvainhif dgomsnessage
reB8y iR EQAUL SYSHEM Qb AR EamBBR SR rel UL MEISRA ed to
is transmitted to the’load-side remote load control device acfoss multiple
the.ds8ecutive positive half-cycles. 67. The load control system of
claim 66, wherein digital messages are encoded using Manchester

encoding. 44 AGQJ @ﬁl?@%e%@%g%é&qm foequpo%lchﬂgf% tem for

actuation of the actuator .e main CO[’]'[I’O device Is repres ntative
copiral e pe anioftieg PatEersis) b adddigh alegtiénd lapthiftpe Ansd dipfyer source, the

1ohIRSRRTES AR USRD AT 18vel CURIRAEVice, the 1o&Peohitell8adEAHPrising:
system of claim 68, wherein the remote load contrql device comprises a

visual indicatteaiteiloahEranne BIRIRG RS BRERIRUILISdRCaRMEF souree;
response ta tbadfsisledigdatmandageptednsivettedfiyditoalimaiecides kadirol

device. MGRLLEWO R008ATIR10R G UISRONIIRARTBE conero odfec
The load contyqfsys m of claim 63, wherein the load-side remote load
control deviceidierpiipiad searicapdiator aritriscoppledirestyiepateniical gipanection

beeitalRanRRMRLR lagmainIaadre MRl deyiead e resRA RSB @dlling the power
actuation of the actuator. The load control system of claim 70,

OHRraP 8 HRTBLED MF e S IO A ARE PRSI corro

inphigital message received from the load-side remote control device to the

line-side remote, control device. 72. The load control system.of
e
segppantiaiensisiichde wirterig babiditrstrepabtentiepAvc e vivisch sanduetiye and
ndRSIHMEHRY-cycles and a second communication path with the line-side

remote control device during the negative half-‘(?:ﬁ/cle, Euch that the first .
and second CSRIFREPRRRLSH FRAFTE S ASPHIEY ANASEGRCAIYY frepirhaving an
oppwepaatirety eptipiedlocticaktosmty terminal, such that the supply voltage is provided

at the accessory terminal during a switch time period;

a transceiver operable to transmit and receive digital messages via the
accessory terminal during a communication time period each half-cycle of the AC power
source;

a first switching circuit coupled to the load-side load terminal, such that when
the first switching circuit is conductive, the power supply is operable to provide the supply
voltage at the accessory terminal and the transceiver is operable to transmit and receive
digital messages via the accessory terminal during positive half-cycles; and

a second switching circuit coupled to the line-side load terminal, such that
when the second switching circuit is conductive, the power supply is operable to provide the
supply voltage at the accessory terminal and the transceiver is operable to transmit and
receive digital messages via the accessory terminal during the negative half-cycles;

wherein the controller is operatively coupled to the first and second switching
circuits for selectively rendering the first and second switching circuits conductive on a

complementary basis.




73. A load control device adapted for use in a load control system for
controlling an amount of power delivered to an electrical load from af&GLLP
power source, the load control system comprising a line-side remote

conir® We%EsEBUpled to the AC power source and a load-side¢81HBe08/005187
control device coupled to the electrical fdad, the load control device
comprising: first and second load terminals adapted to be coupled

in series electrical connection between the AC power source and the
electrical lo#d;  The loadronwekdoviceadnlrial 4tiaphetiotbecemgpldianibcircuit is

opteolines SifS: mddﬂ?cqﬁig&u?mgta&em ABMISES0 a first cuftdidirgRtiOoNAduring

semiconductor switch coupled between the first and second load
2 qRaTRInG e Af the IkdireetoART S2ATRUIHG BT IRH S D Jerasidto

cotigntiatinehevwepsaalivered mlheyelectrical load, the bidirectional
semiconductor switch comprising a control input; a controller

operatively coupled to the control input of the bidirectional semiconductor,

switch for réfderifdieiexpranseldanicsatriamdtictshaginchconihcine rangd is

subSBnGANg eGliNEo3Icharging tithl BBSEE AL BRURIREhIAITEAAERSHRBOI.
terminal, and operable to communicate digital messages with the
load-side remote control device durinlgépositive half-cycles, and to

communicafd-digitarpmaielesdsontietevirradiateddpione Bontpef dante system
fofl b NGV 7pIR%r MGk Dd electiidal 1OR IPad sORUDPSIeMICBurce,

of claim 73, \a:?herein the transceiver is operable to receive a first digital

ther1ad SERIPLAT IS FSRPETHE remote control device. 75. The load

control deviaeataisirg ttAninkierein the first digital message is 5Sreceived
M
achpthycirminal;
a controller operatively coupled to the transceiver for transmitting and
receiving the digital messages via the accessory terminal; and
a power supply coupled to the accessory terminal for receiving a supply
voltage, the power supply operable to generate a substantially low-magnitude DC voltage for
powering the controller;
wherein the power supply is operable to charge from the supply voltage during
a first time period of a half-cycle of the AC power source, and the controller is operable to

transmit and receive the digital message during a second time period of the half-cycle.

48.  The remote load control system of claim 47, wherein the digital

message comprises amount of power presently being delivered to the load.

49.  The remote load control device of claim 48, further comprising:

a visual indicator for providing feedback to a user.

50. The remote load control device of claim 49, wherein the visual

indicator comprises a linear array of light-emitting diodes.

51.  The remote load control device of claim 50, wherein the light-emitting
diodes are selectively illuminated to display an amount of power presently being delivered to

the elecirical load.




76. The load control device of claim 75, wherein the controller is operable

to store the bits of the digital message received during the present p&%g\ﬁp
half-cycle in a 10buffer. 77. The load control device of claim 76,
wheMn e B8iftroller is operable to retransmit the bits of the fRETAigfi0a$/005187
message received during the present pdsitive half-cycle to the line-side
remote control device in the subsequent negative half-cycle. 15 78.

The load control device of claim 73, further comprising: an actuator

coupled to $Re cohhotrmdts lprd\ientrglalerdes hplairiotthdusthstromaprising:

wherein the GaR{tellesisAREARA (il frst igialdieasAudn
response to an actuation of the actuator. 2 79. The load control

COHE\‘/‘i‘éécﬁ)tF‘E}dlﬂlf'm, wherein the controller is operable to store the first
digital message in a buffer in response to the actuation of the actuator,

and 1o transgit theylrsh Sl LGSR SAL B R g RIS RSBt is

device in the positive half-cycles and to the line-side remote contro

oPGEAicdS tFrRRiha YatRles hilhal KRS oAy REUS A eBRk RSIRFSAE BT Bt heing

defideRdtoenCaBRRIENGad viaafl Stiféctngsitedit coupled between the
first load terminal and the transceiver, and responsive to the controller;

and a second switching circuit coupled between the second load

terminal antfthe Jbgapraetavesd sprital devissivectaithd e Sithsepmprising:

an actuator coupled to the controller for providing a user input to the
controller; and

an audible sound generator coupled to the controller, such that the controller is
operable to cause the audible sound generator to generate an audible sound in response to an

actuation of the actuator.

55. A method of controlling an amount of power delivered to an electrical
load from an AC power source in a load control system including a main load control device
and a remote load control device, the method comprising:

charging a power supply of the remote load control device during a first time
period of a half-cycle of the AC power source; and

communicating digital messages between the main load control device and the

remote load control device during a second time period of the half-cycle.

56.  The method of claim 55, further comprising the step of:

providing a supply voltage to the remote load control device;

wherein the step of charging a power supply comprises charging the power
supply of the remote load control device from the supply voltage during the first time period

- of the half-cycle.

57, The method of claim 56, further comprising the steps of:
limiting the current drawn by the power supply of the remote load control

device during the first time period of the half-cycle to a first level.




wherein the controller is operable to render the first switching circuit to be
conductive during the positive half-cycles, such that the transceiver g | p
operable to transmit and receive digital messages with the load-side

rembte WeMd8Wevice during the positive half-cycles, and to re ROEfUH1608/005187
second switching circuit to be conductivé 35during the negative WO
20081133879PCT/US2008/005187 58 half-cycles, such that the
transceiver%ig opefable t trar}smit and receive digital messages ¥yith the

line-side retote coNtPF BT RELA My T HSIRIFRGIPE RS ©
81. A methbulithg thnd raitiegt abndnetdriieod povtier weliviereictmtari edectrieal the

reld {5%%?&%@;93 PoOX"s%E:éx?dJ{é?@ei ﬁlﬁiﬁ%‘%ﬂ@%‘é’o@@%é@%B*Ezeoﬂﬁé’ﬁa‘?ﬁcycle.

coupling a main load control device 1n series electrical connection
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enabling a second charging path for charging the power supply of the remote

load control device during a negative half-cycle.

61. A multiple location load control system for controlling an amount of
power delivered to an electrical load from an AC power source, the system comprising a
main load control device and a remote load control device, the improvement comprising:

means for providing a supply voltage to the remote load control device;

means for charging a power supply of the remote load control device from the
supply voltage during a first time period of a half-cycle of the AC power source; and

means for communicating digital messages between the main load control

device and the remote load control device during a second time period of the half-cycle.

62. A multiple location load control system for controlling an amount of
power delivered to an electrical load from an AC power source, the system comprising:

a main load control device having a hot terminal adapted to be coupled to the
AC power source, a dimmed hot terminal adapted to be coupled to the electrical load, and an
accessory terminal;

a line-side remote load control device adapted to be coupled to the hot
terminal and to the accessory terminal of the main load control device; and

a load-side remote load control device adapted to be coupled to the dimmed
hot terminal and to the accessory terminal of the main load control device;

wherein the accessory terminal of the main load control device is coupled to
the line-side remote load control device and the load-side remote load control device through

an accessory wiring, the main load control device operable to transmit and receive digital




communicating digital messages between the main load control device
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immediately following the first half-cyclé? 82. A multiple location

load control system for controlling an amount of power delivered to an

electrical load from an AC power source, the system comprising: a
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transmit and receive digital messages with the line-side remote load

deé’é?ﬁftﬂ%ﬁﬁ%a&lﬁﬁ%tﬂﬁ@‘ﬁei@ SRER afpéwgg,it a first digital message in response to

an actuation of the actuator.

65.  The load control system of claim 64, wherein the main load control
device is operable to transmit the first digital message to the load-side remote load control
device during the positive half-cycles, and to transmit the first digital message to the line-side
remote load control device during the negative half-cycles immediately following the

negative half-cycles.

66.  The load control system of claim 65, wherein the first digital message
is transmitted to the load-side remote load control device across multiple consecutive positive

half-cycles.

67.  The load control system of claim 66, wherein digital messages are

encoded using Manchester encoding.

68.  The load control system of claim 64, wherein actuation of the actuator
of the main load control device is representative of a desired lighting intensity of the lighting

load and the first digital message comprises a light level command.

69.  The load control system of claim 68, wherein the remote load control
device comprises a visual indicator and is operable to illuminate the visual indicator in

response to the first digital message transmitted by the main load control device.
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70.  The load control system of claim 63, wherein the load-side remote load
contro] device comprises an actuator and is operable to transmit a first digital message to the

main load control device in response to an actuation of the actuator.

71.  The load control system of claim 70, wherein the main load control
device is operable to retransmit the first digital message received from the load-side remote

control device to the line-side remote control device.

72.  The load control system of claim 62, wherein the main load control
device forms a first communication path with the load-side remote control device during the
positive half-cycles and a second communication path with the line-side remote control
device during the negative half-cycle, such that the first and second communication paths do

not pass through either the AC power source or the electrical load.

73.  Aload control device adapted for use in a load control system for
controlling an amount of power delivered to an electrical load from an AC power source, the
load control system comprising a line-side remote control device coupled to the AC power
source and a load-side remote control device coupled to the electrical load, the load control
device comprising:

first and second load terminals adapted to be coupled in series electrical
connection between the AC power source and the electrical load;

an accessory terminal adapted to be coupled to the line-side and load-side
remote control devices;

a bidirectional semiconductor switch coupled between the first and second
load terminals, such that the bidirectional semiconductor switch is operable to control the
power delivered to the electrical load, the bidirectional semiconductor switch comprising a
control input;

a controller operatively coupled to the control input of the bidirectional
semiconductor switch for rendering the bidirectional semiconductor switch conductive and
non-conductive; and

a transceiver coupled to the accessory terminal, and operable to communicate
digital messages with the load-side remote control device during positive haif-cycles, and io
communicate digital messages with the line-side remote control device during negative half-

cycles.
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74.  The load control device of claim 73, wherein the transceiver is operable

to receive a first digital message from the load-side remote control device.

75.  The load control device of claim 74, wherein the first digital message is
received over multiple positive half-cycles, such that the controller receives a

predetermined number of bits of the first digital message each positive half-cycle.

76.  The load control device of claim 75, wherein the controller is operable to

store the bits of the digital message received during the present positive half-cycle in a
buffer.

77.  The load control device of claim 76, wherein the controller is operable to
retransmit the bits of the first digital message received during the present positive half-

cycle to the line-side remote control device in the subsequent negative half-cycle.

78.  The load control device of claim 73, further comprising:
an actuator coupled to the controller for providing a user input to the controller;
wherein the controller is operable to transmit a first digital message in response

to an actuation of the actuator.

79.  The load control device of claim 78, wherein the controller is operable to
store the first digital message in a buffer in response to the actuation of the actuator, and
to transmit the first digital message to the load-side remote control device in the positive

half-cycles and to the line-side remote control devices in the negative half-cycles.

80. The load control device of claim 73, further comprising:

a first switching circuit coupled between the first load terminal and the
transceiver, and responsive to the controller; and

a second switching circuit coupled between the second load terminal and the
transceiver, and responsive to the controller;

wherein the controller is operable to render the first switching circuit to be
conductive during the positive half-cycles, such that the transceiver is operable to
transmit and receive digital messages with the load-side remote control device during
the positive half-cycles, and to render the second switching circuit to be conductive

during the negative
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half-cycles, such that the transceiver is operable to transmit and receive digital messages with

the line-side remote control devices during the negative half-cycles,

81. 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 main load control device in series electrical connection between the
AC power source and the electrical load, the main load control device having a hot terminal
adapted to be coupled to the AC power source, a dimmed hot terminal adapted to be coupled
to the electrical load, and an accessory terminal;

coupling a line-side remote load control device to the hot terminal of the main
load control device;

coupling a load-side remote load control device to the dimmed hot terminal of
the main load control device; and

coupling the accessory terminal of the main load control device to the line-side
remote device and the load-side remote device through an accessory wiring;

wherein the improvement comprises the steps of:

communicating digital messages between the main load control device and the
load-side remote load control device during a first half-cycle; and

communicating digital messages between the main load control device and the
line-side remote load control device during a second half-cycle immediately following the

first half-cycle.

82. A multiple location load control system for controlling an amount of
power delivered to an electrical load from an AC power source, the system comprising:

a main load control device having a hot terminal adapted to be coupled to the
AC power source, a dimmed hot terminal adapted to be coupled to the electrical load, and an
accessory terminal;

a line-side remote load control device adapted to be coupled to the hot
terminal and to the accessory terminal of the main load control device; and

a load-side remote load control device adapted to be coupled to the dimmed
hot terminal and to the accessory terminal of the main load control device, the accessory
terminal of the main load control device is coupled to the line-side remote load control device
and the load-side remote load control device through an accessory wiring;

wherein the improvement comprises:
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the main load control device operable to transmit and receive digital messages
with the load-side remote load control device during the positive half-cycles, and to transmit
and receive digital messages with the line-side remote load control device during the negative

half-cycles,




