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Description of the Related Art

[0002] Three-way and four-way switch systems for use in controlling loads in
buildings, such as lighting loads, are known in the art. Typically, the switches used in
these systems are wired to the building's altematir_lg-current (AC) wiring system, are
subjected to AC source voltage, and carry full load current, as opposed to low-voltage
switch systems that operate at low voltage and low current, and communicate digital
commands (usually low-voltage logic levels)to a remote controller that controls the level
of AC power delivered to the load in response to the commands. Thus, as used herein, the
terms "three-way switch", “threc-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.

[0003] A three-way switch derives its name fromi the fact that it has three terminals
and is more commonly known as a single-pole double-throw (SPDT) switch, but wili be
referred to herein as a “three-way switch”. Note that in some countries a three-way switch

as described above is known as a “two-way switch”.
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[0006] Fig. lA.shows a standard three-way switch system 100, which includes two
three-way switches 102, 104. The switches 102, 104 are bonnectcd between an AC
voltage source 106 and a lighting load 108. The three-way switches 102, 104 each include
“movable” (or common) contécts, which are electrically connected to the AC voltage
source 106 and the lighting load 108, respectively. The three-way switches 102, 104 also
each include two fixed contacts. When the hovable 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 confact, the Ihtce-way
switches 102, 104 are in position B. When the three-way switches 102, 104 are both in
position A {(or bbth in position B), the circuit of system 100 is complete and the lighting
load 108 is energized. When switch 102 is in position A and switch 104 is in position B

(or vice versa), the circuit is not complete and the lighting load 108 is not energized.

[0007] | Three-way dimmer switches that replace three-way switches are known in
the art. An eﬁample of a three-way dimmer switch system 150, including one prior art
three-way dimmer switch 152 and one three-way switch 104 is shown in Fig. 1B. The
three-way dimmer switch 152 includes a dimmer circuit 152A and a three-way

switch 152B. A typical, AC phase-control dimmer circuit 152A regulates the amount of
energy supplied to the lighting load 108 by conducting for some portion of each half-cycle
of the AC waveform, and not conducting for the rcmaihdér of the half-cycle: Because the
dlmmer circuit 152A 1is in series with the lighting load 108, the longer the dimmer circuit
conducts, the more epergy will be delivered to the lighting load 108. Where'the lighting
load 108is a lamﬁ, the more energy that is delivered to the lighting load 108, the greater
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voltage provxdcd by an AC power supply 206, and a Dimmed Hot (DH) terminal for
providing a dimmed-hot (or phase-controlled) voltagetoa li ghting load 208. The remiote
switch 204 is connected in series with the DH terminal of the dimmer switch 202 and the

lighﬁng load 208, and passes the dimmed-hot voltage through to the lighting load 208.

[0014] The dimmer switch 202 and the remote switch 204 both have actuators to
allow for raising, lowering, and toggling on/off the light intensity level of the lighting load
208. The dimmer switch 202 is responsive to actuation of any of these actuators to alter

the dimming level (or power the lighting load 208 on/off) accordingly. In particular,
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control a push switch, though the actuator 316 may be a touch-sensitive membrane. The

actuators 314, 316 may be linked to the corresponding switches in any convenient manner,
The switches controlied by actuators 314, 316 may be directly wired into the control
circuitry to be described below, or may be linked by an extended wired link, infrared (IR)
link, radio frequency (RF) link, power line carrier (PLC) link, or otherwise to the control

circuitry.

[0017] The dimmer switch 202 may also include an intensity Ievel indicator in the
form of a plurality of light sources 318, such as light-emitting diodes (LEDs). Light
sources 318 may be arranged in an array (sﬁch as a linear array as shown) representative
‘of a range of light intensity levels of the lighting load 208 being controlled. The-intensity

levels of the lighting load 208 may range from a minimum intensity level, which is
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[0021] Moreover, even though the multiple location lighting control system 200

allows for the use of a smart dimmer switch in a three-way system, it is necessary for the
customer to purchase the remote switch 204 along with the smart dimmer switch 202.
Often, the typical customer is unaware that a remote switch is required when buying 2
smart dimmer switch for a three-way or four-way system until after the time of ‘purchase
when the smart dimmer switch is installed and it is discovered that the smart dimmer

switch will not work properly with the existing mechanical three-way or four-way switch.
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between en At sogée 406eamluh¢ fipst ﬁxd:dmmtacoﬂ dfiagienidarg threatway switch
404 aﬁ&l E%eec%}ﬁ 99 91%1&1‘15 cggygl?c!lj gf?cwg ﬁ)eSA[@ Eéurgé € Seco ﬁxed
'n a ree way I'S "necessar or t
contatztuis ofithe threo-way sedital 604 hEhe mmﬁtbée ewitact of Q@ﬂmbw smts:h 404

_ 18 cou%ﬂ% t5 3 31y Igi-m.gé 1038 408! WI‘{’:%QP&Q a%%% %ﬂgyﬁs?se%&}%o? gircult 41

stone I'S™ Unawar e IS require
couplhamossithé dignmingrrircvitcld e 12 wipitwe diddes 416.t Fhaceonipal/cipuit 414

comp R4 50 ST RMELloBbo kB TGl PR GaHis
one ofjths dinries 416 denendingaipemthempogitionef thonheablagontachef thodrge-way
- switclPAOR Srlerihl, ind B bELIOS HIRSHRM BAANE SAEMRY dlibree- way

our-way s 415PCT US2007/ 014235
switch 404 is in position A or position B depending upon whether a voltage is developed

across the first dimmer circuit 410 or the second dimmer circuit 412, respectively. The

smart three-way dimmer 402 is operable to provide feedback to a user of the intensity of
the lighting load 408. ’

[0024] The smart dimmer 452 only cdmprises a single dimmer circuit 460 coupled
between the AC source 406 and the first fixed contact A of the three-way switch 404. The
smart dimmer also comprises a control circuit 464 coupled across the dimmer circuit 462

and a current sense circuit 468 coupled between the first fixed contact A and the second



- 7 - Therefore, there exists a need for a smart

di mrer that may be installed in any | ocation of a

three-way or four-way systemw thout the need to

purchase and install a special renpte switch

100221Smart dimrers that are operable to be installed

in a three-way systemin p1%ce of one of the

three-way switches are known. Fig. 4A shows a prior
fixeBldntd P BER 1Y r VR AR NP 002 TIhB Goftrs BRCHIt HHY BRINBY a power

dimmer 402 and Fig. 4E shows a prior art three-way
supplythteinop&obledy chrggathsomphtlighting waded8 d i hereentad pirch €04 1s

t, Thr ee- di rs 402 2 e.described in.. .
over e A aRar e BE TR A SO MRy SRR Sy pidon B in
respditb & cARRI isi%ﬁ&liog%ﬁerat‘éﬁtb?rtﬁ‘@é/urgﬁﬁ keke MocuiPlek0-18ik4ontrol signal
filed June 6, 2006, entitled DI MMER SWTCH FOR USE
is prayided toltieHTIG! credAGSViavhaaTREERsy\aiyCstFofGIaEses, the

t.he entire.disclosur f [ i r i r
chari§F Pl oF ol R Bl o M e R E ARG RAL AR B e
threcdf 2y $bitcha. DitheGaiapl thete nyalitnhes 452 & dperdlstiodrodde fdedback

| oad-side of the three-way systens 400, 452.
to a psgpofyheensity of thy ligkips kod 4@§npr ises a first di nmmer

circuit 410 coupl ed between an AC source 406 and the

j rst fy f. ; |

0023 a8 S W sy frkl MU 200 R Rt R U one
smart fimnAE 43u45e Breforeettearciondcéd fed thwniverytsyBeofthathe operable

. three-way switch. 404 The abl e contact of_ the 3y
0 IS A BN beBMorLiogs P e G IV G g Gathere s a
need 498 mENHISIREt o iR SRR h$A8g AleRBEH URhmElsiEMIvirdihdach
coupled across the dinmng circuits 410,412 via two .
locatgtinoefglse ditrBninglvpsteoand diat edchdwaive statng inbiegieisses a power
supply, which is operable to charge through the _
lighting | oad 408 via one of the diodes 416 dependi ng
upon the position of the novable contact of the
three-way switch 404. Preferably, the control circuit
SUMMABNEOENITHEE INVERITEON ne whet her the three-way sw tch
404 is in position A or position B dependi ng upon
whet her_a voltage is devel ope cross the first . .
10026 rmrer B AeERRIEN LK ot et aseBaae BRI ﬂnV@P{ﬂ%ﬁleefﬁiszamwded
a mu[t&ﬁ@ﬁ)%&t‘idhe&ﬁ}ﬁmiﬁg Syt br doRfrSRPAN afHoHES fH2r USlivered to an
operable to provide feedback to a user of the
electiiod] dowsl from ah AGpowergoticagtht spsterd 0gmpfisiog4 fistdigrragncoupled
di r. 452 only conpr,ises. a singl ' r circuit .460
betwis BF Af° BOYREirP B A Qe el B e M e FatPis
conti®f818ebndicAle BB 1 eSmtHANT Sk bifdudOdt polie dsliaiéd to the
di nmer al so conprises a control circuit 464 coupl ed

clecteien denst, auba Brstmentradier eqrpledse theyhiest eoriipllpblytcosdirgiae device for
it 468 . : . . . .
contrékéf t?llﬁ grsi é:g%tﬁogya%!_lye%n_aﬁgt},%%wcg,ethg Gkt tcoxfl’cBiFeQ 058‘%1@% nfonitor a

first electrical characteristic of the first dimmer; and a second dimmer coupled between the

AC power source and the electrical load, the second dimmer comprising a second
controliably cdnductive device for controlling the amount of power delivered to the
electrical load, and a second controller cOup-led to the second controllably conductive
device for control of the second controllably conductive device, the second controller

operable to monitor a second electrical characteristic of the second dimmer, the second



fixed contact B of the three-way switch 404. The
control circuit 462 includes a power supply that is
operable to charge through-lighting | oad 408. The
control circuit 464 is operable to determ ne whet her
the three-way switch 404 is in position A or position
B in response to a control'%ignal generated by the
current sense circuit 468. The control signal is
dimREPYIPRA b thed 18t GRIM & Qb ALHE tﬁrﬁ @nt¥hIBM1 &ﬁldﬁ&ﬁvre%tflce is
sense circuit 468 senses the charging current of
cmuﬂqhmmmmﬂb$E&dﬁbdmmngxmhn@u@ﬁhth@mséGQMUﬂkth@néwnwa@bvwe
B the three h 404, nart
the il potremt i o By 5 and Seofpd i TR Hohaie S Stspupled in
sené@felécﬁfbal R8BS dnybehednNBe NCQ;%W&QOIE&@QMFQ}% electrical load; wherein
0251However, the three-way systens 400, 450 cannot

the ﬁrﬁmqgﬁgllqams gpqrhldﬁ torradenthe firsy pﬁm@ﬂahbgcondgglve device conductive
ata iirlﬁ; 1me %r Iaﬁg?t%a{fs - lr?cq%%gﬁ )f\@ o%‘fg% ?01%@6 VR, se%%ﬁ'ctce oller

operhi6le ¢ &aasmﬁé ﬂieffﬁsﬁthﬁeﬁr I\e@ymse/ﬁi th8kedodd EhRtrical dRfRtarBtic and
~a need for_a nultiple location dimmng system havin

4o rengRrrib seapndiFoRRYSDIIERRING S JPYice SRMIPREAARCRN Hipbefore the

! t
firs G e S PRk kG s P RS Bl Bt Betermine
whefhier e saspdcbnivdlldrhes pndaed thd ssvant conmrpllilie cendustive device
rovided a myltiple | ocation dj sys em f

con w‘?laqueﬁbenﬁﬁt HW&W%&%@A%? 50 forengie the firs
connedlsﬁllffdoﬁénhcdve gwfcé K @&d%@n&owesp%% ﬁﬁ:he tQ8nd ¥§ﬁtﬁﬂl‘er

conpri si ng rst di mmer coupl ed between the A
rendpnmn@theswmdeomn@ﬂabﬂbeccaidecm\ra deaicelcondijctivh et thie msﬁond time during
" rﬁﬁhﬂﬁ r|S|ng a first controllably conductive
tesﬁ%Vﬁ Y %ontrolling the anount of power delivered

to the electrical |oad, and a first controller

, coupled to the first controllabl ~conductive device
[0026ak coniy micowhnedeith asgeond @apachp thb Wse@nav@tﬂpv,ethere is

o83 SRt SRR PRI R R B

electdiogl [adR6ANE AT poRer aoip, 6@ 1641 yRen] ﬁéxece%rmwg a ﬁrst
source and the electrlcal | oad, the _second di me

controdlablvicondirtiae devien soumet mErTieRAlsetaeHh goRascien E%twe'élbthe AC
 fo

po T8 B 0L L B N B KB A o0
load} the fiss comeblbht copldhietbleydcoima dhacing me;odm/lj iaputf @ Semﬂigtd[mhlt

of the second controllably condugctive devjce
operalle BRI EroniTal Sl@ﬁéf%?%n%‘%ﬁ% bt claCegiarabtrisic o the

load Sb&E41 ge&gk e&ﬁadrf%f&f helcc Ewﬁh@ IRELARE ﬂ?ﬂﬂ"@fthe Lfe

secon I mrer coupl e e first dimref such that
COnttoﬂiab]bflcnadluod:l@n tlewkct arol (ypamhidtocltecmee thecouol sgmmblipinetie sensing

aral l el electr] con tjon wt he sec
- cireug P 461G CBRIGL i A OREoBBIFdTY pecond oad contro
. dev1é‘é:’lf@h{gaé $RBnPeortBablycdhd@ite 48608 %&&@bﬁ@béxﬁ@lﬁbly conductive
conducti ve devices coupled in series electrica

deVIWde i parg Belvadestricah eom@cmth éhmﬁlzsbccmwllalﬁé conductive
aevide FRir ER Py SSHE Py iR R admyime
dunﬂgezyflﬁehaqtleﬁél@tthaﬁmabmar&uef SperhblBey detéinilfe ﬁlefﬁrﬁﬁime during the
hal f-cycl e of the:AC power source, the second
first bl hey @ orespapes ibihe coprelsigmahiram thesensinggyrepitpadity render the
first EERRIATE ob Rl TR Lot A oo FURRAC hELLE et
conductive at a second tine before the first tine
during a second subsequent half-cycle, the first
control |l er operable to determ ne whether the second
controll er has rendered the second controllably
conductive device conductive before the first tine
during the second hal f-cycle, and to render the first
controllably_ponductiye deyicglnon-coqduptive.in




- 8b - during a second subsequent half-cycle.

[ 0026b] I n accordance with a third aspect of the

present invention, there is provided a nmethod of

controlling an anount of power delivered to an

el ectrical | oad froman AC power source, the nethod

conprising the steps of: cabpling a first

controll ably conductive device between the AC power

.source and the el ectrical |oad; coupling a second
&”“EH%%?8@?%%??*5%ﬁ@%§?¥%% devi ce between the AC power

-source and the electrical load and in paralle

el ectrical connection with the first controllably ,

[0026bhduct Inacceilanesewitls a drirdaspra §f theerresentinversiony Bicfealp pyovided
ond ive.devi f n ' for - o

o nFRASHSEIIRATEN) B R BpSEOMEEAIS, RRLGE SR B B an ac
pow&QBLRE, theBiditcdr donthrameaheatpd cfatoupliag adirardostroltably conductive

determining the first time in response to_the step of
devigediitv e the ACheo verrseticr aad therricliceblond: Juplingd aerphg

N . | b .

cond S GRLFPRLEOLE DL BRI LR IR LG8 AERLA 6 nd
paraléed etriedicaldiseeettmt withathe-foytaloatroliabdly canduetivendpvideecdntrodling the

contro Iablgécpnduclive devi.ce. ngn- conducti v

i, n
first pesdiodally copdatiue SPEe BY o anderivhgot He WEER durin a first half-
cycl€QMhE gld SR sEQRBURLL VR ind oM R FADEAEL et fitic I RPREHih B the first

accordance with a fourth™aspect of the present
time iimxegpdrise i thelstepeofingonpooug thed:lectmed blodadéristiontendéringtye

an anmount. of power .delivered.to an electri l.pa .
secof el ke ppREToG i ce SERE Rt Agaeg it Bt ‘Bfret tme
durirtt £R8oRf subsQph m.%cié; bSd r@ABkKOhE 3t o BRAHBE) bot@uctive
: evi ce between the AC power source and the electrica
devigegma-condugsivieny resperssdo thectam aiarideping theoegend ¢opgrollably -
aﬁmq§§jqﬁ bg%mglglthe AC power source and the electrical

_P% andC iR par'ati el el ectrical connection with the
first controllably conductive device; controlling the
first controllably conductive device to be conductive

[0026d); a flnragpordangegitive fqurtheasaent PhEePresepinvenion, tags ig
f g . . . . t
prow%gd b tﬂ%ﬂ?ﬁi (ﬁoc%{r?ﬁglg%? Sﬁo@ﬁf&%w& gelgvefré(f 1o \é?éctr?(ﬁ? load from

acr oss e firs conducti ve device; an
an Adgqlosvertmirag thd@ethiod sbmpesing theofepsioffecouplinges fios senttadlably
the step of nonitoring the second vol] tage:; rendering
condpefpyederish deCeReh T £ GO <E SEc T/ Be af@eﬁﬂ%@l log: GauRlageh socond

contrbREb1g 3512?1‘3{198 A& OBkt Rberd ﬂh%@ﬁ@@éresfﬁu}ce ahd Eﬂ?s%lédltllrlcsag lload and in

perio tinme; and rendering the first controllably
paralbd eitoichM@ndestionevittothe dostdontroNably eondestipendsericepcanirelling the

T O R N L R
half-f%cfés@ﬂhc ARVESW drQBurce; MbhitdrRige FREAHa@H asto S8t firs ¥6hiedNlably

conductive device; and determining the first period of time in response to the step of

monitoring the second voltage; rendering the second controllably conductive device
conductive for a second period of time greater than the first period of time; and rendering
the first controllably conductive device non-conductive in response to the step of

rendering the second controllably conductive device.

[0026d] According to another embodiment of the present invention, a multiple

location dimming system for



- 8c - controlling the power delivered to an
el ectrical load froman AC power source conprises a
first dinrer and a second dimer. The first dimer is
coupl ed between the AC power source and the
el ectrical |oad and conprises a first controllably
conduct i ve device for contr8l-l i ng the anount of power
delivered to the electrical |oad. The second dinner
. I
cont SR RSV SLIFRED b 4 Rl Bl RO NS B b g pmprises o
first danshec dridvesedend dm:uﬁext Tdmrﬁrstahmmg1stcbeplanbenMeemthepW/@bwer

delivered to the_ electrical |oad Th rst dipmer is
sourge, g 18g © ﬁ‘:strxcﬂ]elo & eheprapinge e cntrollabhianadyste devies for

contﬁﬁﬁﬁ% @l lapRhyt &Fﬂb%&ﬁbﬂ%r&ﬁ%'tﬁ@elb&n&& Ypige @fﬂe@e&ﬁ‘lﬁ%ﬂnﬁler is
el ectrical connection wth the second controllably
coupdahbkiwtin/the ddv power sPheepad diel a¢cteaisiad abd compfises hesecond

contttPly DGR AR S sBko P s cPRRBT O S AETR Lo

elec@REN168d. ANk AREdMBELS co@fled t@aﬁ’e seE?éSIﬂI (ﬁﬁﬁzbér)éuc}ﬁthﬁﬂﬁ@ gkt
controller of the second dinmer is operable to

contrﬁdhbhfmondu@efé davice isgonpled iwparpiled glectival %@p@cﬂio@tméh thg second

I er nmne
cont Bl PR SRR o bl oSG ol HF ol posape
contfcABBT REdE@ive 'dé{rllc&ffem sEtéd edtrical benreeE@ skt odi the IAlcepower
is operable to render the second control | ably

sourgg i ibe P\?ém@él\lpe@ Brskaaly f\ﬁ@c‘éﬁ gongalerd the fr@émbie@la%er is
operglﬂg ¢ Ibhtor d dintheér e[k?: %ﬁc@g{sﬂc AL determme a first
e odlnen? e present application provides a
timemdehitid Brsk O(ﬁﬂltdﬂablyddoﬁﬂmmg’e dysiteot thofirg dihimet 1s |rerg1efelde
ower delivered to,an electrlca | oad ﬁdgn1an

condygties. Eupthen dhaossivpnd eqntiglies is operahlg tQ Bedrfhg serebe §0nt11q%1@bly
condﬁlb%\%%edramyldﬁ&lvegygbggn@ﬁga Coﬁ,r&th%ﬂ%g«} uer source

e electrical nprises a first
control | ably conductive device operable to contro
t he anount of power delivered to the electrical |oad
by conducting |load current fromthe AC power source
to the electrical load at a first tinme each
hal f-cycl e of the AC power source. The second di nmer
i s coupl ed between the AC power source and the
el ectrical | oad and conprises a second controllably
conductive device operable to control the anount of
power delivered to the electrical |oad. The second
dimrer is coupled to the first dimer such that the
second control | ably conductive device is coupled in
paral l el electrical connection with the first
control |l ably conductive device. The parall el
conbi nation of the first and second controll ably
conductive devices are in series electrica
.connection between the AC power source and the
el ectrical | oad. Only one of the first and the second
control l ably conductive devices is operable to
conduct the load current at a given tine. The second
dinmrer is operable to render the second controllably
conductive device conductive at a second tine before
the first tinme. The first dimer is operable to
render the first controllably conductive device
non- conductive in response to the second di mer
rendering the second controllably conductive device
conductive at the second tinme. [0028] According to
anot her ~enbodi nent of the present invention, a
mul tiple |location dinmmng systemfor controlling the
power delivered to an electrical |oad froman AC
power source conprises a first dinmer coupled to the
AC power source. The first dimrer conprises a first
control | ably conductive device for controlling the
anmount of power delivered to the electrical |oad. The



- 10 - and a first controller. The first controllably
conducti ve device has a control input and is coupl ed
in series electrical connection between the AC power
source and the electrical load for controlling the
amount of power delivered to the electrical |oad. The
sensing circuit is operabl e9to provide a contro
signal representative of a first electrica
characteristic of the load control device. The first
[002Gpnt r Gluttker, sotio@wplbedinhant bﬁﬁleqmmenuﬁppli@pimh podviddsen multiple
first controll ny co duc ive dev nd i oper?ble
locagign lgg@ingéyqtﬁg 1n§I E?]quw?rrdg ¢RI i:qp@cal oad from an
AC ﬁavvé‘r%ﬁme I&ﬁpﬁaa% 52 Qﬁdi Qécoﬁmn&ﬂeﬂss TRPBFR mﬁnbpls*asupled |
coupled to a sec control device having a
betwser dred\ € pnwveodouads] ayld cthmdacmcal do euf‘emdcaempﬁh@ $ﬂnsbmjltrollably

| | abl nductj ve device i.s coupled i.n
condiPg Pinich o oo Lne RpRE o o Se Bkt BT ecuttal load
by c&ﬂﬁl@ﬁﬁé 1048 cHeMitGRm HReAE ipbetr Rl 0 &Ll edtScd RRIIAR L Sirst time
to determ ne when the second controll ably conductive
cachdwlireyele of tlethAkgweaveb sewieen e sweonddnauetis v@péﬁddxe@wgﬁmd:he AC
a conducti,ve.s sponse to th a
powdh ARG HEA L BinateE 10a P WBRER S e ISRy SRk
devig¥ @Reile toB6ARDI BB aéuhh@povcpdtldRtedo iR caBBdlNedd. The
devi ce for controllln%ﬂthe anmount of power delivered

secopd digme i spynledito the Hest fipmenichthap &WC%LHO@EOHW conductive
deud B0 e LSBT BB LAty conducive
devmho riteqiardle] bahbiaativd deGthé\ﬁrs}ﬁ atesecomdl C@Eroﬁﬁhlytcbﬁductlve devices

electrical Joad for controlling the anpunt omer
are iy é?r}e@ @}eéaﬂ%cqnﬁecf}oa&@t% é&ngﬁg SRYEE aRft t%@& qeieeal load.

Onl})ed A{?ﬂﬁﬁ (Qond cf)ﬁt{'(ﬁfabgﬁédngﬁictﬁlfe del %8s 8 %?Fra‘g e yto conduct

C power source he contro
- the ltmlrrmmni atet ghean torge. hﬁhe secondtlimaher ip pperabl® herdodadhe second
cant.rol devi ce al so rises a volt
conu i epn SSF et P PG ARG SOTETaY b The firs
dimr&&n8 yférame tFRYE&Eh @Rt CRRIARLE, dRdRE MR8 n6RBbARItive in
signal representative of a vol'itage devel oped across
reSpctuae tactha seend aibnyletmudmng the sekonil sentrothbly @adudvmstdesice
cond %vea fégth onprlses a controller coupled to the
eontr ﬁ&ﬂl “t he control | ably conductive device
and operable to receive the control signal fromthe
[0028]oAtagaingod hicilidrivgn ol nBetit of thEResethialtio a hidiltiple location
operable to determ ne whether the voltage across the

dimneia g sy 9P AoN Sprbehiangdhs peveeldiveed o an @%@@fﬂ hRAdrey ap gy
f
powéf%&ég 'éo@bné&g foﬂ—%‘t' 1R /5% o;hgcli %Stﬂtk g!ﬁ aﬁ&vﬁ solld€ *rgé ﬁh.t dimmer

31 enbo
compﬁsei kn Ergd beﬂﬁﬂtablynmdtd:m desui ck iforsdontbiine thesan bl of power

d d toacircuit includin power
deliv@isgng fhe Svrieb ot 15 sy e Tl campHRSS At i immer coupled to
the eRWr{cGMoad h?hé $dcSihd GnTET conWirksEdla GROR EGRDIIEb]y conductive dev1ce

control l ably conductive device operable to contro
for cmm@larg)ﬂ;m tamﬁmmﬁmwved dtlixcaecbid the duvtting IpfcdxveThesﬁmirzud second

iRy (168 PRESRGHIFOH PRET Y SRR U ORGTHhE oPB o the clctrical

load.generating a control signal representative of an
el ectrical characteristic of the first dinmmer swtch
[002%Und a derddisionemogise cmbodianspt ebihsipeasentanydnsion provides a load
£ ol I n Y e_f.ar
consSEOAR P SICHE LB T SO LR LBt B o an
AC posrepffired | Ehetload g dtiee campriseh h @it Yosesl bt donductive
devi ce between an active node, in which the
‘kWK@dh#m&ngéﬁﬁ%tconduct|ve device is conducting the | oad
current, and a passive node, in which the
controllably conductive device is not conducting the
| oad current, in response to the control signal of
the sensing circuit. [0032] Anot her enbodi nent of the




controlling the amount of power delivered to an

el ectrical load froman AC power source. The nethod

conprises the steps of coupling a first controllably-

conductive device between the AC power source and the

el ectrical |oad, and coupling a second controllably

conduct i ve device between t hel®AC power source and the

electrical load and in parallel electrical connection
and Wik chiveolferr The finntemidliablyycondundive tevies his\a cwatroflinput and is

met hod further conpri.ses the ep.of controlling the,
coupled g scrghgle@rieal BPVI%B%WF%‘%GM BRVETFORSE @Bt Higc §dc

load #8f co%troﬂlﬂlgj the amaﬁﬂ{%[f g@%@:ijmlvgreﬁx& I et diPloAE ﬁﬂﬁﬂnsmg

source ternative may conprise t
gircidt is ppafabledaprotidd mg)nhbémgnzd stpreentatiot bbdblisst clocidiodt | ve

Chﬂgfg%#%ﬁaf&%% g u Elﬁlﬁ‘ég%f 01%@1{. Cloglg“tmlggg Ioc(a)u%leodf to t]l:le control input
of tht P33 AC SR E@ldﬁ&l@%ﬁ% lan& RGP rBeiddBe %Iﬁﬁﬂ Rignal

i nvention, a nethod of controlling the amount of
frompbeeensie discgite dhe ad worirdalerice ad orferrde torbsrpoapleA® a second

' th f
toad EOHRR R B B R FT bt o Lo Sk g fassandn
contiollebHeoRYEIve FOUEE R ROl REpLhes teldoGRbh] dodaecttnti e first
plurality of controllably conductive devices bein

Conwél@blwwn vetiyadatice| T Gt pangislletis epergblie sn detgmgine when the
Secon gfgycongucttf gldl \Iflgcgls d:g%il% P&eeﬁ al'hro% c?lfve s'%ate and a

con Ive e CO I ve

condactﬁ)ﬁ sl,tﬁ;d nofespdrﬁé t(ﬁﬁh@ hoht&ﬂfsi@yibﬁemaﬁe idil@méﬁrﬂﬁwer
source [ 0034] Anot her enbodi nent of the invention

urt her prOV|des a . multiple |ocati di nmmi stem
10039br cofR £BD Pﬁlﬁ&nf ety BTRsFItdRY Sbian Sdt %%P@Hldggéi‘%/ 3d; cogjrol

devnl:eq%g oéﬂtaml QUESt % eawe%m fah Sldeficdl Bhy Rk dYAC
|nnErs inp e el ectrical connecti on.
pocha;ohrch frire ﬂowmenmlebwcn d:emensl@rtt doptrolably téndubeveoddvare

rst rol th t del d
coupfiigh SPRSHFEAT POREC U ERETHP Rrbdt SO BB RT B B pyca
load 8<dnRbNEE thABh 8 dPhywel REvEedEnhs 1&4@1@%@@&&1 gWitrBnt to the

each other by adjusting a firing
electfiogd 36adon e firft @atiod eStimp Ga@dwéfaméfe@fg the Aﬂr@vmr eewne. The

cont yIED chfutlve e RERTR ARRBLAPY R TPl A Who comprises
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and o?agg\{)\{el\iﬁ)mﬁde a control signal representative of a voltage developed across the
-controllably conductive device. The load control device further comprises a controller
coupled to the control input of the controllably conductive device and operable to receive
- the control signal from the voltage monitoring circuit. The controller is operable to |
determine whether the voltage across the controllably conductive device is a substantially

low voltage at approximately the beginning of the first period of time.

[0031] According to another embodiment of the present invention, a first dimmer
switch is adapted to be coupled to a circuit including a power source, an electrical load, and
a second dimmer switch. The first dimmer switch comprises a controllably conductive
device operable to control the amount of power delivered from the power source to the

electrical load; a sensing circuit coupled across the controllably conductive device for



[ 00361For the purpose of illustrating the invention,
there is shown in the drawings a form which is
presently preferred, it being understood, however,
that the invention is not limted to the precise
.arrangenents and instrunentalities shown. The
features and advantages of thkl present invention wll
becone apparent fromthe foll owi ng description of the

generdh@R dodfrol $igial F&@frédesitatioc bhen deaficg ahg&‘adftgnﬂfca»ﬂt]ﬁ@ﬁrst dimmer
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switehijene A cgwlbﬁppmwy comlerfadhs grnt ﬁ‘éléf CRAYPERP fie‘ﬁ%f‘sfor

COH%@%E 'agloaﬂ‘tg m@&% dé‘ﬂe?@fﬂ%@loﬁ& ?h@&dﬂoll@f & operable to
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[ 0039] Fi 1C shows a rlor our - wa t chi
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whichQh¢ cM@ﬁbllﬁ hteRingive NediBds r[o@ Q&i]d]ualﬁ%_thg 16a¥ @rrent, in response to
sinmplified block diagramof a typical prior art

the conroli sigrel bHbasewsing ¢ighiti ng control system
[0032] Another embodiment of the present invention further provides a method of
controlling the amount of power delivered to an electrical load from an AC power source.
The method comprises the steps of coupling a first controllably conductive device between
the AC power source and the electrical load, and coupling a second controllably
conductive device between the AC power source and the electrical load and in parallel
ele&rical connection with the first controllably conductive device. The method further
comprises the step of controlliﬁg the first controllably conductive device to be conductive

" for at a first timé each half-cycle of the AC power source. Alternatively, the method may
comprise the step of controlling the first controllably conductive device to be conductive

for a first period of time each half-cycle of the AC power source.

[0033] According to another embodiment of the present invention, a method of
controlling the amount of power delivered to an electrical load from an AC power source
comprises the steps of coupling a plurality of controllably conductive devices between the
AC power source and the electrical load with the plurality of controllably conductive
devices being coupled in parallel electrical connection, and selectively controlling one of
-the plurality of controllably conductive devices to be conductive for a period of time each

half-cycle of the AC power source.

[0034] Another embodiment of the invention further provides a multiple location
dimming system for controlling the power delivered to an electrical load from an AC
power éource, comprising a plurality of dimmers wired in paréﬂlel electrical connection.
Each dimmer opefates independently or with the other dimmers to control the amount of
power delivered to the electrical load and the dimmers communicate with each other.

Preferably, the dimmers communicate with each other by adjusting a firing angle.



100421Fi g. 3 shows the prior art user interface of

the dinrer switch of the nultiple location Iighting
control systemof Fig. 2; [0043)Fig. 4A shows a prior

VIQ ROO7H#%ES. way system having a smart three- waycHiysaBii1423s

190441Fi g. 48 shows another prior art three-way
system having a smart three-way dimrer; WO .
2007/ 149415PCT/ US2007/ 014235 - 13 - [0046]Fig. 6 is a
sinplified schematic diagrampj_a zero-crossing
detector of the

[0035] Other features and advantages of the pres=nt invention will become

_ apparent from the following description of the invention that refers to the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036} For the purpose of illustrating the invention, there is shown in the drawings
a form, which is presently preferred, it being undefstood, howéver, that the invention is
not limited to the precise arrangements and instmmentalities shown. The features and
advantages of the present mvennon will become apparent from the following descnptmn
of the invention that refers to the accompanying drawin gs, in which:

{0037] Fig. 1A shows apnor art three—way switch system, which includes two
three-way switches;

[0038] 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;

[0039] Fig. 1C shows a prior art four-way switchipg systenm;

[0040] | - Fig. 1D shows a prior art extended four-way switc;hing system;

[0041) Fig. 2 is a simplified block diagram of a typicai prior art multiple focation
lighting control system;

[0042] Fig. 3 shows the prior art user interface of the dimmer switch of the

multiple location lighting control system of Fig. 2;

[0043] Fig. 4A shows a prior art three-way systém baving a smart three-way
dimmer;

[0044] Fig. 4B shows another prior art three-way system having a smart three-way
dimmer;

[0045] - Fig. 5 is a simplified block diagram of a three-way dimming

system including two smart three-way dimmers according to the present invention;



dimmers of Fig. 5; [0047]Fig. 7 is a flowhart of a
- Zero-crossing procedure, which is executed by
controllers of the dimrers of Fig. 5; [0048]Fig. 8
WO 2087/184151 owchart of the intensity |evel propetus®oroisss
which is executed by the controllers of the dimers
of Fig. 5; [0049]Fig. 9 is a flowhart of a triac
firing procedure, which is executed by the
control lers of the dimrers ofsFig. 5; [0050]Fig. 10
is a flomhart of an input nonitor procedure, which
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{0047] - Fig. 7 is a flowchart of a zero-crossing procedure, whichds executed by

controllers of the dimmers of Fig. 5;

[0048] Fig. 8 is a flowchart of the intensity level procedure, which is executed by

the controllers of the dimmers of Fig. 5;

[06049] Fig. 9 is a flowchart of a triac firing procedure, which is executed by the
controllers of the dimmers of Fig. 5;

[0050] | Fig. 10 is a flowchart of an input monitor procedure, which is executed by

the controllers of the dimmers of Fig. 5;

[0051] Fig. 11 is.a simplified block diagram of a multiple location dimming
system having four smart dimmers, each having four load terminals;

10052) Fig. 12 is a simplified block dihgram of'a multiple location dimming
system having four smart dimmers, each having two load terminals;

[0053) Fig. 13 is a simplified block diagram of athree~Way dimming system
including two smart three-way dimmers according to another embodiment of the present
invention; ‘
[0054] Fig. 14 is a simplified schematic diagram of a current sense circuit of the

smart three-way dimmers of Fig. 13; and

[0055] Fig. 15 is a simplified block diagram of a muliiple location dimming
system having three smart dimmers, each having four load terminals and two current sense

circuits.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0056] The foregoing summary, as well as the following detailed description of the
preferred embodiments, is better understood when read in conjunction with the appended



system having four smart di mmers, each having four
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diagramof a nmultiple |ocation dinmmng system having
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[0053]Fig. 13 is a sinplified block diagram of a
three-way di mm ng systemincluding two smart
t hree-way di mmers accordi ng to anot her enbodi nent of
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imvergtiuy it dixpited to the specific methods and instrumentalitics disclosed.

[005T) - Fig.51is asi.tﬁpliﬁed block diagram of a three-way dimming system 500
including two smart three-way dimmers 502A, 502B according to the present invention.
The diramers 502A, 5028 are connected in series between an AC voltage source 506 and a
lighting load 508. Note that the dimmers 502A, 502B are identical in structure, such that
cither of the dimmers 5024, 5028 could be coupled on the line-stde or the load-side of the
three-way system 500. The dimmers 5024, 502B include hot terminals H1, H2 that are
coupled to the AC voltage source 506 and the lighting load 508, respectively. A switched

- hot terminal SH1 of the first dimmer 502A is coupled to a dimmed hot terminal DH2 of
the second dimmer 502B. Similarly, a switched hot terminal SH2 of the second dimmer
502B is coupled to a dimmed hot terminat DH1 of the first dimmer 502A. The terminals
H1, B2, SH1, SH2, DHI, DH2 of the dimmers 502A, 502B may be screw terminals,
insulated wires or “flying leads”, stab-in terminals, or other suitable means of connecting
the dimmer to the AC voltage source 506 and the lighting load 508.

[0058] . Sinceé the dlmmers 502A, 502B are identical in structure, only dimmer
502A will be described in greater detail below. The components of dimmer 502B have
similar functions and similar reference numbers to the corresponding components of
dimmer 562A. The dimmer 502A comprises a bidirectional semiconductor switch S10A,
which is coupled between the switched hot terminal SH1 and the dimmed hot terminal
DHI1. As shown in Fig. 5, the dimmer 502A implements the semiconductor switch as a
triac. However, other semiconductor switching circuifs may be used, such as, for
example, two FETs in anti-series connection, 2 FET in a bridge, or one or more
insulated-gate bipolar junction transistors (IGBTs). The triac 510A has a gate (or control
" input) that is coupied to a gate drive circuit 512A. The dimmer 502A further includes a
controller 514A that is coupled to the gate drive circuit 512A to control an on-time ton of
the triac 510A, i.e., the period of time that the triac 510A conducts the load current, each
half-cycle. The controller 5 14A.is preferably implemented as a microcontrolier, but may
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used to control energy to a resistive or inductive load, which may include, for example, a

magnetic low-voltage transformer or an incandescent lamp.
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status indicators, e.g., LEDs, to provide feedback to a user of the dimmer 502A. The

status indicators are preferably arranged to display an operating characteristic of the
dimmer 502A or the lighting load 508. For example, the status indicators may be arranged
in a linear array (as shown in Fig. 3) to display the intensity of the lighting load 508.
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[0068]he Sedbite frsviromer SORA & s hecrivpaORe aaf MscsacPat difffer 5028
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he secaond th does . n ﬁ
lightibdntoad g'pﬁStbbléurmnggn the trias®10A &t 8 figgt ﬁ@]e)ﬂurlag Rdirst alf-cyc e, eq.,

appr )Lrﬁg#ew§ se& q;pfe%% hg Q)‘Fttfé%@hrﬁ’éjvdlt%gée?\b&ﬁrdmwhthe triac

econd evi ces such that the first and h
510 cwil @nnldtwéthede@d eureend far|al first ARCTE: fevadT| APPERXIPFLEY J fHSeC eac

half—@%real'llo ke E@r{tro?éﬁﬂglllﬁhtﬁghgad IS BhE codéder 5’?44335 BR¥rable to

In serreswth the triacs 510A, 51
turn orethpwcomblr@p 5508 Bt 8 BetOTHENSWITER SE5ABA ALRPOHE L SpI-cycle

befontrier{ﬁ? F%g Bgrlitr%r IS ?fh‘;}]thhf% drf th@@iﬁst ﬁffa% 530M PloEExdripld adpptdx@hately

rein, first di mer and second
4.9 miecrafter ahaltO-taﬁﬁslmefﬂh%ﬂcl linevgliags -8+ Setelbpt 2 gegond on-time fonz

of th&g %Emc :t:‘ i25 1 C?E’ i§ 3°PMQJ=,§0' T%lé@ﬁhst H:Bﬁwonbhﬁ 4A #RA eIk Yhat the

evices are coup in parallel electri #
secood nmaicdlleoﬁMB hasfged ﬂ‘[WFW @\6 51RB byimanitofingtherouiRys AT the

first ie?o cF:JstsPﬁ tc%?e%fﬂlr\éq gR0%Reci ﬁ&ﬂ?fthé %‘mrﬁ@ﬂﬁdtﬁbé ﬁéro@é—l‘hé first triac

ring ang he second t
510A WEH be swetaphsdlygnto vaits dfiibe egeant coRigoller éﬂfﬂlﬁ ﬁas f‘rﬁgéh%%%cond

triac §¥9§D[} (’5 @"ig&)nttlﬂc A gﬁ%té?ﬁlﬂel%hét'tiﬁ@ EectRt@ridd 53}$)B| H@ fired, the

I ngly first control

first ccmtmtb@‘rcweb aot e dhesfrstiyiac RA0A dudnghine Prepent bRl wfee rFSFF*WbW

the et% oﬁci‘?orltﬂoﬂé}ldﬂg dfﬂ?@se%%ﬁd Qﬂnﬁnér%cﬁzfeaédhﬁnuéﬁb@am%l $heof
nter 520A 1 ndependent of whether the

conduiotid ighé ef‘thes;emn&isféﬁ@ BYOR witk thst 3acRRA PREMS; lghiPiRy

predg%ﬁﬂrne[j %ﬁ'ﬁ)ﬁfhﬁ‘ﬁg@;@ i B9 alPeddiSmiffMbdr@yent i on, the

are operable



to communicate with each other to "take control" of

the lighting | oad 508. Wien the di mrer 502A, 502B is

in the passive node, the controller 502A, 502B is

woperePhs to change fromthe passive npde t opdBEs2007/014235

active node to take control of the lighting | oad 508,
for exanple, in response to an actuation of a button

of the user interface 520A, 522B. To take control of
the lighting |oad 508, the cegtroller 502A, 502B of

the di nmer 502A, 502B that is in the passive node is

_ r e&%ﬁ%ﬁnféégﬁj
half'%gfccg)%géf e trjlgagf% the gl ?nﬁ“#eé[rg(ti%& I's Int act |t§§5mond'
contrpllet & 14B 708 gymroltth%sepwétﬂad PROB to & desiveil sntensity kevehat i ve
deterfRAE ARG HERS F&E&dq}g)EH@Eecﬁgc?ﬁsér&tér@ac%%ﬁasS' ve

node, the flrs controller 514A 1's operable to

control_ the |ntenS|ty of the lighting,_|oad 508 ¥ . _
0078 1 ni nd®n 7 Y shpwflovehars of thg s ‘P‘%’%‘F of threontiplicng 144, 5148

for operdthig thadimbars 562A, ﬁswﬁgnmﬁﬁél Lo | ﬁh‘h&n%g Bﬁ@eﬁnd 866 Bicotding to
zero;crossing of the vQl ta ccor

the preprat t"r"Fﬁ%‘”‘siﬁﬁ *iﬂ"l’qha‘%ﬁ’b‘bh? Sﬁ’éb?do‘%'(‘?‘ ifPRssto ﬂgerg%‘

contrlidr S 4 A evieh loughithe scobndPEMORerFIUB prelraibeekee@edcxactly the
g%% cycle. To take control of the lighting |oad, the

same SARWAR- control | er 514B is operable to turn on the

second triac 510B at a second tine during a second
[0071d ubs eqFmt7 ihalfowchak ef t)eéroweosshg pfacedure FORtwinbh eypreferably
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first controller does not fire the first triac 510A
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t he second ug interface 5228. [0070]Figs 7-10 -
SIOBg% ?ﬁ%ﬁ °§§§$81he software of the controller

514A, 514B for operating the dimers 502A, 5028 in

[0073f he Th¥ée Suay fidweharhof tby mtmtﬁwebWGMm@Q ovhidhdis executed
every%ﬁ'%?glte \*ﬂ%%ﬂé éoql@roll 4A i@@ﬁ Jnhdgﬁl 1%&:%8&' tg%ﬂ

reference to t I rst CO
, mtenaﬂb{d@mﬁt@e The bgensity dfmelr BRae eccisaatst@r&iﬂevmlﬂyc mume%l% '

has b&eh 3 iédtbg' éfé?@-cﬁfgglh E:t%cto{' Oy glﬁk fhe vhlth s the ﬁrst triac
Fhanniab o%%

art “of a zero-crossing procedure 7
SOIAém@faélpgm substantially zero volts. At step 812, the controller 514A saves the




executed every half-cycle beginning at a
zero-crossing of AC voltage source 506 at step 710.
If the dimer 502A is in the active node at step 712,
woobiriab1g angl e tiner begins decreasing at spepuRbérors23s
with an initial value that corresponds to a desired
intensity level. The desired intensity level is
- generated in response to a user input, for exanple,
-fromthe user interface 520A,and is stored in a
rrerrory of the controller 51 V\henthefiring angle -
el xRy Lre LI r
. .value of ueruslten%:y lrg?déc Irl?] memo Jﬂ l&%g&ﬁr Sﬁg%e éﬁiogontroller
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ctive node ifically,
of thedispmister 8O0/ tarprovide thehateayt afdherbefuling 508 as feadbaticto 2 user
;g@g tep 712, a deternination is made as -
atswgg%s df q?ﬁeeéglsrzmr 502A is transitioning fromthe
assive rrode to the actjive npde at step 716. If_not,
(09745

n i nt dhalethe disgraer $020pis traRsiipRipE sfema‘he sesspyemede tg e
activd Hb&) ﬂiédﬁnhﬁﬂ&'ﬂhﬂl’{ﬁﬁl firb SemsSESiat 5104 beRraviHeReddndBriac 510B

ot e np e DR P oo BERDR I festRra

514AQbed dtdvRERIBuAteriNeep Bask o[ HIR Bl Balf-Sydles the dimmer 502A

s S B oy S S 658 8900 e

dimmkB502A {shenpitistiny ErofDme mureeﬁmmehé activs midllean St y16 and if
The | ng enS|t | evel occ.urs at st

. | )
the adyfe <ok is AL Teh ST HeheT 206 s ST S 2By epements the
advance wnﬁéragrsmﬁgl)c&ztse:oma 3.1 Siep 7B4ttht bentsedlet SlybA auiitess an

sdvangt Potstankye & [3us82, 14 % cpfplelft o SRR WP

508 {aR¥erhif2d 1h e T gHb RO prodeda 2R 00 shOwn iv Bigl 8) ®f prodiee an

in nsi. l evel tinmer j.n. 0 ont rol
aavang it b, N, e el B ATRe € Bt g Biist i 5 726
usmgltlhz&advﬁﬁ&ﬂsﬁrtrg ﬁmﬁbmtstapmzt and ¢he probesiufe T0hgkianpybtep @30 i3
he second trjiac 51Q8
the sy S R RRE nie o IR errb % A P50 PF e RRRB U o e
activetthedd at gtepl'/‘ag andu exitstht geroforessimglnrgledinre700a# step THS
controller 514A then uses the determ ned |ighting

{00751 nt ensigy f9q oG chirtbE d . g p%b%&@re'dob U 1R kiR REoller

nore o estatusmdlcatorso t he user
514Aprefereblyccxeauerencs epiyhalsyelsan 1ospeifsite (hcdire yige interrupt

kil (g0G) N%eep@ 03vhen leltBnd epits. AheShrfid ﬁﬂ& tarted
requeem ts at step 818. 07 fV\hl | e hes di mer _502A i %

at steps Hdand 780 0R §ig oM BAEIMREI074 irgaktrasitioning to the active mode

at step 912, the controller S14A monitors the output of the zero-crossing detector at step

914 to determine if the dimmer voltége across the first triac 510A is substantially zero
volts, i.e., if the second triac 510B is conductive. Ifthe second triac 510B isnot
conductive at step 916, the controller 514A simply fires the first tnac 5 10A as normal at
step 918 and then exits at step 924. Iithe second triac 510B is conductive at step 916, the
controlier 514A does not fire the triac 510A during the present half-cycle. The controller



active node, the controller 514A will fire the first
triac 510A before the second triac 5108 of the second
di mer 5028 for a predeterm ned nunber of

wombiroygl es. The control |l er 514A uses an adp@RNES007/014235
counter to keep track of how many hal f-cycles the
di mmer 502A has fired the first triac 510A before the
second triac 510B. Referring back to Fig. 7, if the
di mer 502A is transitioning,fromthe passive node to
the active node at step 716 and i f the advance

L
sronSUE 6 A o R D0 £33 6 oy s
is trarsionin 1o thspackive mods abtiep® T2 4he ecmgolarilAal fres 1 1 S10A at

the @E@%Sﬁ% AP AHBBER PR 1pasth 1 kST oxpd A ep 2.
(as. detern1ned in the l'ight |evel ocedure 800
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rﬁgt stegFﬁ usi ng the advanc firing tinme fraom
°°ﬂtf%1 P47 gheks theiapyss, deekarple Srpus@rey a@frgfnetbe 1&gy intpgface
S20Al lnfeacaﬁyas ef: TefdiVddait sRB Y 0U8Qhe PEREMIS 166 Smply &i® At step

nt[oller 514A enters the active nod
1022, §fﬁ=a dapmeroQP2ivisin e Rasgre mede ﬁ&%@e’cﬂ}ﬁe&?@en%?ﬂer

514A9kERs ?d’:aeans{t&alé el A@tivOmiole at fEPOVEIBATAL s@p 118 thdGontroller
firin g{ocedure 900, mhlch the control |l er 514A

S14A nig ?‘é’%& & pd¥InCe CoRUISHIQ Agnaxippn pyapcesoupter Valup. S oihes:
such théx th®€orfidolier firek 8 firbf Bl 8 POA befietie sédonhriad 5 maeﬁr thi-6:

 vatreprlg g bt g ha e Hads” e Fomsapio g fl roqepses the

input hdterdihgipat stoP PrR0 mdrerits ki adps10G220ni ng to the active
node at step 912, the controller 514A nonitors the

0B P R RSB0 8 B LB e e

way dimining 50 30 showotimFig. &) thy present ivedntion is nag limited t¢ freluding

- only EGRRRABA, 3058 P, I GhipkBeq hobPanRGA bl B

locatigy] dirusingsysferh 14 8@ havieg faur smagt mamesmmas 1H2Ba 024, 1102D
accoréhg& 191% ?m%@&’c hiaBeE XEich cﬁhuéérelﬁo%f‘l 102k INBCS§E has 2

I's conductive at st the coitro

contrceﬂ@hl« cgpductiveidevirs, € g-+actriag L él:Ot‘&lUAOBuH Iﬁg! ﬂhlé)rbr'gls@macs

1110)tI 6lllfl ,Yﬁ'lﬁc Tﬂ%ﬁ:&gt’;ﬁ la@ Mel electncal conpection betwesn an AC
Do RS e s s e A changes {0

powen seurcgdd 8¢ ¢ud aightingload 8 E'GPhaPh@F e@szlr- t@ca& able tfpcogzmi the

intens %Pﬁwcﬁgmgg 1&%&24\5 IsRowh §Figt kP NP fhind 18094 u\tﬁw@ ﬂ@zc

e controller 5T4A fires the triac

1 1021%11135@@ saomalsdel alewrorsimp '&wen%@ﬁpﬁ Getwsen thealimmers. @Pgh of

the dilmBRE BOBARL 1GIEER 192@ ﬁ'ﬁdD%lh&esaépo%c@ Euﬁﬁﬁ (not shown) which is
100761Fig. 10 is a flowhart of an |n£lgE non

operable tn- n@emnafaﬁwp& cigFar drapgh the ge'ea%}:%g
PrefezﬁM rﬁae Bﬂrbr@ﬁh@n@f@a&?ﬂdﬁ& 5 ;a,i)( §t1§ﬁb§&&@auﬁna§1, @19:}1 that the

the controller 514A checks the inputs,

sum OEI;P&r?b»Fr&ns RSP of earh ofdbe PPV Stuﬁ%hqﬁgwt. lzree FF‘&E&’@ the

illumira01he lighting idadRYbE. are received at step 1014, the
-procedure 1000 sinply exits at step 1022. O herwi se,

f the I mmer. .50 IS S

10078} " Pply S 15 v Rod L B LB R Y b e

activeagddey ee. nardrolingshelightihbdoadAl 108; et 3i0&Btime hehile the other three
controller 514A initializes the advance counter to a
maxi mum advance counter value, e.g., three, such that
the controller fires the first triac 510A before the
second triac 51013 for three half-cycles while
transitioning to the active node. Next, the
controll er 514 processes the input accordingly at
step 1020 and exits at step 1022. [0077]Wiile the:
present invention has been described with reference
to the three-




way di nm ng system 500 shown in Fig. 5, the present

invention is not limted to including only two

di mers 502A, 50213. Fig. 11 is a sinplified bl ock

wolkagiagisof a nultiple location di mm ng syspefoddeddoeiszss

having four smart di nmers 11024, 110213, 1102C, 1102D

according to the present invention. Each di mrer

1102A, 110213, 1102C, 1102D has a controll-ably

conductive device, e.g., ?%ac 1110A, 111013,

1110C, 111013. The triacs 11 A, 1110B, 1110C, 11101)
dimnr§ Sgsﬁ I I 5D,

an %%gHﬁb sﬂﬂ@gégféggmgtﬁﬁé&kﬁﬁﬂyﬁﬁgaﬁoad 1U§k
dimmgrs; th?Iafatl 18RH102C a1l 2B mﬁhfepqsaive mede mawmmrntlb'rmmw the
firingdogl ol i cg)%]:“Ad AP neAitk 100 5 Gl bolind ol i@ lood. The
presepbingenteg is pet 13111#151 t@ nydmg pnldrfomhm asnsl;o'em rmEigs 11. Since
the trfdRE Bf ﬁ’lte diffeRldBlovidkd 2 ﬂéo%&twﬁ.lﬂx%g dimmers can

I ncl udes a power supply not S omn) I C
'beadéﬁﬁkdﬁﬁéﬁﬂﬁnéﬂa}ge by drawi ng a charging current

through the lighting |oad 1108. Preferably, the

[oo7ghar gi Mg CIYik 8 @im@fﬁeaaﬂ&mwmwa Ritipis location dimming

sysefy LAt Whknd B et imipees K00 o PALC ot a207m, csch
havingQinly SvgRmenad g EaéhéinirhériZORA] 20280 120201 120ZD hesas

contegably porE i< B AL ik 10 e 12955 4t 9B0 TERBiRRS

1210An 1ﬂfm, 1250C,ane0D fard dvaptbdrinpaalidllddstfical ddhihddionlbhwéen an AC

powef Fgarey 1905 206 aikng Srdeie e RETRRh Rita ) b B Tncaita me

intentity dfaheligoiignald. dMetdimmergin02ag 12028] zztnre, HOEBaﬁiE:rate ina

simit oo Bt St o Bl cfer pondy 105 1 FRSBRIEE 0 1 e

dimers are provided in parallel electrical
(0088 onnecthipri3 ismsienplifieddleckohasrivn of d tode-way dimmaystystem 1300

accor&x}rlgq? aﬂrf&ﬂ%%lzfﬂo&méxﬁ 8% fne%rééeﬂﬂhbédtﬁ% 8‘%8 %}fsté?h @%@E@rﬂénscs

e | ocatlon I mmn syste
two dishmers 1309Aoi3@MP&dM®nﬁamemme 132@2@ a lighting
ot EERT% BB Ll S B R s
The dimmercti024. 4aiBmchude gurrent sepse gircuis1(FA6AL m@sw
coupltd ilpgneg_ Psnlihd @Q?chl-@ 20Aermlind@SH 113140 q'esﬂe%ﬂig 24 both

coupled . in parall electrical connection ween an
provigea sopteot sge%irte é cﬂamlﬁaﬂé 12A1 Whenithgydinspgys % 130Q2R are in
the patsm& n%ae Nt em@é‘m Le.&lsa eiremt P3£RNBAB g%de%ﬁ&a di
lig n di mers 1202 12028, 1202C,
YEPWWB" aﬁté\ed%@suanglg ofj ﬂ?ﬁ trigf S1QARTIGR in the otberdiasrefer e3pmple,
when!f38 PhbRF 150264 BTR tRDfhssidd ROJEGRE KD 8hrent GORE H!:‘blgt 13’12%A is

is asinplified bl ock di agramof a three-way

operabledp seRst Sasrisingedediod dhe 19ad AuTee Fhrenahdhe ﬁ%‘fheéfhc‘f Wgnmal S1

whenﬂﬁ@&@ﬂﬁd ria¥ S MOB Gikes. E\@nsh{cﬁigamelﬁ&ﬂclﬁﬁaafth%%ﬁwm executed by
di mrers 1302A, 130211 coupl ed bet ween an AC powe

cantrotietl 3 4daranier skown gn e Ryeseataprlistien; G "Pﬁ‘a‘i’uﬁf &%‘F for this

emboaﬁmn& & subdtarithfly Al o @le MW@ SldwHEihGagd 9 L 1Te
lighting | oad. The di nmrers 1302A, 1302B |nclude

urrent..sense,_cir t.S 1326A ,.13261
[OOSIEOUpl e:fl 54 2837 ‘ifﬂefiﬁcl% %SWI 19 ? ﬁlg cuirgrli} n C§I'Cu1t
1326 5HThe Shﬁ:;nt sespentuiv E336A Bcbhdbod hnparmmeuansfmntar 430 that
signal to a controller 1314A. Wen the di nmers 1302A,
13028 are in the passive node, the current sense
circuit 1326A, 113268 provide control signhals
representative of the firing angle of the triac 510A,
51013 in the other triac. -For exanple, when first
di mrer 1302A is in-the passive node, the first
current sense circuit 1326A is operable to sense the
ri sing edge of the load current through The sw tched
hot term nal Si when the second triac 510B fires.




100811Fig. 14 is a sinplified schematic di agram of
the current sense circuit 1326A. The current sense
circuit 1326A includes a current sense transforner
wd.dethidogt WO 2007/ 149415PCT/ US2007/ 014235 p2Bus20086i4235
a primary w nding coupled in series between the '
swtched hot termnal Sill and the junction of the
triac 510A and the inductor 524A The current sense
transfornmer 1430 onl y-operat g _above a m ni num
operating frequency, such That current only flows in

the n h Ok .wWhen the, current wef or
b S RARAE Ko Wt R M G2 R e
Junctinoofiteniriop 8 1 GA end tHerinduotor24 A PIIdk enabitysensehmneiorment4 30

only PEH3Es bES iRl kg ol RGeS, Mol bl ABRGERRY Hows' i we
secoslapowinditigwigm (56 2dr3ent Sraveferm llerohginthe primagy windihg has a
srequpfi R85 ol Shikflith bk Bl ey SBRAREn | hE G Ronee
transfopmpoSOtdetects therisingedgd ¢f the load/chment fthyongic e dagopd triac 510B

or A by e SRS R LRSCEL i o
seconsk trip) 81 QR fires ¢ stha deadtquenantf fes adughttgieney coropringat), a current

i1l B frih 84y Wihdihg 3fthe HifchGhalf b
| will A5 8P Socofliey bk UF he HRchRhat (i e wec M LilEba wiac
510Bofiresy conpar ator 1434. A reference voltage is produced

by a vol tage divider conprising two resistors 1436,

[008%]438 anthel stcdddami WREinebATRECURRAT dcn¥ trindfiHned 43078 coupled
conpar ator 1434, The output of the c\%g&gr ator 1434 is
ACTOSH @ Lep1YiQf ¥ae %WI‘#‘&%%’W@%%@P‘&S S SEFYit Prppen and

the n&é’ﬁﬁ?bl ﬂ{brﬁéﬁi%o}é}%‘&tv&ﬂmﬁ WTéf&elgcf%%hﬁgéhk %dﬁl@ﬁ] by a voltage
...contro]ler en current flo rough .t he,
dividELCOMRYISHR BRPABRTIES IO 38 ap inroQderLid the Bt v et of the
comp‘aéamh ,1434V Thé¢ ag@ipui éftfﬂé &dﬁﬁeﬁﬁoﬁréms -titedpr ﬁ) he D veltagd A2 of the
t hat .exceeds the reference valtage. co raf.or
Powe] AapIY A LA (PP e TREh TP o P hne FRes 44, When
curreﬁmttAl Wﬁhi‘cﬁfghlil&]s@éohﬂdw_wﬁiﬂiﬂge&ﬁlhd aaﬁrd@me&hss&aﬁa&&msz er 1430, a
‘ ternatiye the curr etect.cjrcuit 1 A
voltag s LRty THLTerGIo8 1 S BRL O HEFIFPRGE O Lape. et ve
com;ﬂia&:]rrletse t‘tttinrtﬁirx{bé the @Iput $ow) Gighaling®io theentiollen 3 BIADSt current
‘ rat her t t he copparator, 1434, Fig.. 15 iis a '
has b et A1 R o8 G AR e T B aT b FrRSeshis
usingdiniapenatjosal aivplifidébaita difdreteysbie tonhmiin £ aigsri IB@S tAnsistors
_ burality of di rs 1502A, 15028, 1502C coupl ed
mme‘g%lmg?ﬁoé?%rsl Urce 1506 and a lighting | oad 1508.
Each of the dimrers 1502A, 150213, 1502C conprises a
[0083iri ac Fig.0A is 2 5ipaBified DIk digesem iof anatheraomitiply|logatien dimming
e i AUl o st stpitsonc

- coupled hpfveseat HGr sopesed 506 2pd adightingloet 1 8. {Brsh @if theedimmers

1 502%85361%93 €502 ddrfiptise€ HHiRNS 18R $S1 08, 1 §H0cE oﬂe%%lﬁ@‘to JotBPihe

.4

and a second current sense Circuit 1528A,
amouptobppaver delpged tpdipbghtingdpyd 1508 Sincsfthe diamerp 4902k d 5028, -
1502@ RN ConiHisk Bt IGRT e RninhlsColich Bf 1he dnRRRANDIMYRISELa first current
sense circu_it 15264, 15268, 1526C and a second current sense circuit 1528A, 1528B,

1528C, respectively.- Each of the first and second cuurent sense circuits is responsive to

the rising edge of the load current flowing through the respective current sense circuit.



the rising edge of the load current flow ng through

the respective current sense circuit. WO

2007/ 149415PCT/ US2007/ 014235 - 24 - For exanple, the

w0 RI04155028 is operable to sense the firingepagerehzss

the |l oad current through the triac 1510A through the

second current sense circuit 15288 or the | oad

current through the triac 1510C through the first
current sense circuit 1526B, »f0084] Al t hough t he words
deV|ce and “unit" have been used to describe the

For c?%]r\ﬁ/ i | o n §1 oul g E%aﬁ%t% c;eg i hgltE ﬂé%?r?%%?{? E!I%:eels')ml Rarent
through thettriag) é@&rA Beehdicthe sesopbeuiranbsensecifoiit 45288 or Hialead current

throu%ﬂﬂﬁ: (i 98 B> YhERRE cuthent'Sdnbt SirediiOls268aNP! €, the

I mrer 502A o Ig. may conprise a plurality of
huttons in nall-nnunted encl osure and a control ler

(008415 | ARuEh eI adedgrarat euib dae been uapd tp degfrabe the

,exemeﬂﬂ@aﬁuﬁe &umgtwsteﬁ.a ol iHegkleskht @{mﬁnaﬁ,rn stdﬁla s@notecF@lat each
exanpl e sem conductor switch

oLt rcr BB PRECORR) PGy onsiifidtin a fale gnclosure or
strucﬂhmm& eRAmpIBSthP dSHiMBE somemg Qﬂma{; Sr3pri 4 ?wty éfittons in

resent |nvent|on has en descrl edinre on to
a Walg-w@f} eaclose g Aol @P@anc YA B SFREFRLY iﬂnfﬂ%?ﬂ ohise,
one “d&fcdTafkiy beCaintaRed intlodblTRlevids™ SFoM dthbl%?ﬂﬁ@etﬁftﬂﬁdt&ﬁr
t hose sKki the ar.t. .Theref

switch iferlD CPRHASREYCAE FiH EAPRY of e SUpBBr bl B presens

" inventibs.Cl osur e herein.

[0085] Although the present inﬁention has been described in relation to particular
embodiments thereof, many other variations and modifications and other uses will become
apparent to those skilled in the art. Therefore, the present invention should not be limited
by the specific disclosure herein.



-25- What is clainmed is: CLAIMS 1. A nultiple |ocation
di mm ng system for controlling an anobunt of power
delivered to an electrical hgad froman AC power
source, the system conprising: a first
di nmer coupl ed between the AC power source and the
ehe6d ¢lhigrl id:0ad, the first dinmrer conprising a first
control l ably conductive device for controlling the
nggﬁﬁi of power delivered to the electrical |oad, and
t controller coupled to the first controllably
conductive device for control of the first

control | ably canguépieM6c o4 ideimi g‘s%rs{eH c&%lﬁ é!ﬂfgmount

operable to nonitor a first electrical aracter
a second di mmer

di mmer
Bkt Befsii o Sl e iom wwdiCororitaoeme the system
eIectrlcaI | oad, the second di mer conprising a
cagromte: cont rol | ably conductive device for controlling
t he anmount of power delivered to the electrical |oad,
and a sec ontrolle oupl ed to the second
control |l a ﬁ% conductr d%QWF %%bg Cpamier ures andithe electrical
second controll ably conductive device, the second
load ke Bist émmpeoaiprisinga fimnichavllabls ecaidied 8sfi¢d BRLontrolling:
characteristic of the second di mmer, the second
r suc hat he
o R B R PRIl Py B8 it Gl ob el syt to
par al | el eIectrlcaI connect|on with the second
th‘t“’: Bt eeitrodlably condreptine deeicelforicostroltdf ¢hepfrstddr@lollably conductive
conmbi nation of the first and second controll ably

deCRBAUE tiksY BofRNIeF Gﬁcr&ﬁg PdA%gnfto} Sl gléctﬁcag ﬁg‘glltaﬁt%mm of the

connection between power  source
electrical | oad; wherein the first controller is

fhg F:é0lo render the first controllably

a second dimmer coupled between the AC power source and the
electrical load, the second dimmer comprising a second controllably conductive
device for controlling the amount of power delivered to the electrical load, and a
second controller coupled to the second controllably conductive device for control of
the second controllably conductive device, the second controller operable to monitor a
second electrical characteristic of the second dimmer, the second dimmer coupled to
the first dimmer such that the first controllably conductive device is coupled in
parallel electrical connection with the second controllably conductive device, the
parallel combination of the first and second controllably conductive devices coupled
in series electrical connection between the AC power source and the electrical load;

wherein the first controller is operable to render the first controllably



-26- conductive device conductive at a first tine

during a first half-cycle of the AC power source, the
second control |l er operable bg determne the first

time in response to the second el ectrica

characteristic and to render the second controllably
cERAIAHES & HG& I i - &
R e i o SR S I R Grover
the first controller operable to determ ne whether
Squsess QucsrondoniTe Ben aperablpstordstraminsdhe fiest §medndesponse to the
control |l ably conductive device conductive before the
sdcbh blettri® difatRestidighd8cond: hrl s@é(ﬁﬁ%oﬁtrolgﬁ%r Ehductive
render the first controllably conductive device
dnon-coaductive in response to the second controller
PUSFOPIRG Ve Rba seond medistors itheais| time Auting # secoad suksequent
conductive at the second tine during the second
hdiigd fel€ yiod rst controller operabl@to G mINSHEAN&GT th€5@bM dontrolier has

wherein the first and second el ectrica
i st cs ¢ i se fi.rst and second. di mme

racter r r
re A ot P B e e S uetivretiesondia e belofine st time
control | ably conductive devices, respectively.
d@ing Thessysd batf-ofclelaat o fendehtae €ird coherIRBBAREductive device
controller is operable to render the second

i ve devic onduct.ive at th
T e B Y e S R B ne Fr i popratanty
after the first half-cycle. 4. The
cogfutivndevice beriductive athiley gicond time sladogthediccorarhal fdvicher
conprises an actuator, the second controller operable
to rendery t he C -0l ahl y..conduct i ve device. .
conduct i v atr?ﬁgggggéﬁgkﬁﬁéégﬁﬁ%?%sBgﬁgém5agﬂﬁe&cmwa
actuation of the actuator. 5. The system
Ch%tﬁcférléﬁ%cmr,npwweﬁ@t and spsorbdiondcrdiobngss develbpat across the first
conprises a status indicator coupled to the second

an€ 8&don@lebRtfollabecorBEANE JROREL, ALdneEiRRer abl e to control

the status indicator in response tothe first tine.

-27- 6. The systemof claim2, wherein
the first: contlhgisygsmiod clgyarlapherein the second controller is

operable to render the second controllably conductive device conductive at the second
time for a predetermined number of half-cycles after the first half-cycle.

4. The system of claim 1, wherein the second dimmer further
comprises an actuator, the second controller operable to render the second
controllably conductive device conductive at the second time in response to an
actuation of the actuator.

5. The system of claim 1, wherein the second dimmer further
comprises a status indicator coupled to the second controller, the second controller

operable to control the status indicator in response to the first time.



to determ ne whether the first dimrer voltage is a
substantially | ow voltage at approxi mately the first
tine. 7. The system of claim6, wherein
the first controller is operable to determ ne whet her
the first dimrer voltage is a substantially |ow

vol tage before ' i Mg, . t eterm .

whet her tg'ren5%€§¥%%ﬁ?fgé¥&gﬁﬁﬁ%%wf§ E?ﬁggﬂ%ﬂngV%wnﬂﬂe

devi ce conductive in response to the determ nation as
to dptegmenguhetherahe firss dingmementtage st cagpbstastialy low voltage at

substantially | ow vol t age. 8. The system
aptrohitdly he AMeHLI N the first electrical

characteristic conprises a second | oad current

conduct ed_t hrough the second control | ably conductive

devi ce, ahd t hEi&a@EEAYOllan 6.ivelareis e fust eoritotliexcis operable

conprises a first load current conducted through the

tofdetesinirRomidtedr kiafint SRaMGIME Be%WE8antialRds
9. The system of claim S8, mh%ﬁein th%“?ﬁ%g?waPﬁﬁgﬁmﬁﬂeﬂw

ﬁfgﬁ%ris%§ a first current s&nse circuit operable to
Corgtctdin e eevinn e bstiocrda the Brshicemeolgbly nendutividevice
conprises a second current sense circuit operable to

condudivetin td3porfse 11 thel deftim4kib@ BE to whether the first dirkBer Vd}@ge is a
systemof claim8, wherein the first controller is

le to render the first controllably conductive
Suﬁ%@i{t%@yg%‘ﬁgﬁf&geve at the first time during each
hal f-cycl e of the AC power source and the second
control | é i s Tdpeysbheftchidel erhatanetiele st diédticdl chRadtfristic
response to the second |l oad current. 11.

co%ﬁsé@’asge%ﬁ(ﬂfoa& lc:t%]réplt %Ondﬂlﬁ%rde[{]r%utgﬁ %?helc siecr:g’t}d c%%%oﬁgbﬁ? nd

conductive device, and the second electrical characteristic comprises a first load

current conducted through the first controllably conductive device.



control | ably conducti ve devi ces conprise

bi di recti onal sem conductor sw tches. o .

12. The system of claim 11, pgherein the bidirectiona
sem conductor swi tches each conprise a triac. _

13. The systemof claim 11, wherein the bidirectiona

sem conduot or gk GAGS o eiain SORREERGHE Wi hirghdr & 68Ls o
transistors in anti-series connﬁctlon. o
14. The systemof claim 1, further conpri sing:

figst ﬁPIEi?H&ﬁPI{S;? cHeuig pprtells to eondnctihe sesgndlaad tirettiaabitye second

conductive device, the controllably conductive

diceerc@enised NsecBhE@tdrk YerRE cHLNTEISaFOMR B udt ?l%e ﬁ]:ﬂ;1 leoad

paral l el electrical connection.

systemof claim1l -29- wherein only one
m5¥ﬂ%he first and the second controllably conductive

devices is operable to conduct the |load current at a
given tinme0.  The system of claim 8, wherein the first controller is operable

to render the first controllably conductive device conductive at the first time during
each half-cycle of the AC power source and the second controller is operable to
determine the first time in response to the second load current.

11. | The system of claim 1, wherein the first and second
cbntrollably conduetive devices comprise bidirectional semiconductor switches.

12. The system of claim 11, wherein the bidirectional
semiconductor switches each comprise a triac.

13. The system of claim 11, wherein the bidirectional
semiconductor switches each comprise two field-effect transistors in anti-series
connection.

14. The system of claim 1, further comprising:

a plurality of dimmers, each having a controllably conductive device,
the controllably conductive devices of the plurality of dimmers coupled in parallel
electrical connection.r |

15.  The system of claim 1



-30- 16. A load control device for controlling an
anount of power delivered to an electrical |oad from
an AC power source, the Ioaggpontrol devi ce

. conpri sing: a first controllably
conductive device coupled in series electrica
connecti o our.ce, an 3
electricaﬁmﬁgéd ;g?hggﬁﬁgg ﬁwﬁgﬂ%ﬁ%“%ﬁ%%ﬁ@“§%5§8wgﬁwﬁve
delivered to the load, the first controllably

dpdrrdus epsredleingandueidbe ingd suaenitat o kivien ine;
a sensing circuit operable to provide a control
signal representative of a first electrica
characteristic of the load control device; and
a first controller coupled to the control input of
the first controllably conductive device and operabl e
to receive the control signal fromthe sensing
circuit; wherein the | oad control device
is adapted to be coupled to a second | oad contro
devi ce having a second controllably conductive
devi ce, the second controllably conductive device
coupled in parallel electrical connection with the
first controll ably conductive device, the second
control |l ably conductive device rendered conductive at
a first time during a first half-cycle, the first
control l er operable to determne the first tine
during the first half-cycle in response to the
control signal fromthe sensing circuit, and to
render the first controllably conductive device
conductive at a second tine before the first tine
during a second subsequent half- cycle.



17. The | oad control device of claim 16, wherein the
first controller is operable to render the first
control l ably conductive devizge conductive at the
second time for a predeterm ned nunber of half-cycles
after the first half-cycle. 18. The | oad

control degi ce 20foaglahtfol %IZVicéf’]\‘gﬁ— cBh oﬂigg ?stl %ﬁ%ﬁm of power

controller is operable to render the

ontrpol | ab conducti ve device conductive at a third
d@i“’r?éeﬁgt&?ﬂ elllfg”rP?C-aﬂ gD@fciém&? teAGneaves seutet. dhaioné domuniidevice
of half-cycles. 19. The |oad control device of claim
cdbprifing:t her conprising: an actuator operatively

coupled to the first controller; wherein
rable to render the first

the first controll s qpe er t _
control | a%? t ngggﬂly\@ ‘E‘%ﬂ"@é[eﬁlﬁﬁ gerrled i sgries dlectrical
second time in response to an actuation of the

cageeiimdretween the AC power so@@e add@e leRBEHGPILE Bdr c@ﬁﬁﬂ)ﬁi@ the
of claim 16, wherein the first controller is opera ge

arh L Ney: diatel y before rendering the first
b S St R R 8 5 e Spraliny G tivadevice having
first tinme, whether the second controll er has

a gaaf@bingdt:t he second control | ably conductive device
conducti ve. 21. The | oad control device

of clai m20.,. I: jrst controller is operable
to render tﬁgﬁgﬁﬁg%poé%ﬁﬁ%#N%BY 6883W58§ﬂ§@f3@&5@§m“@0fa
non- conductive in response to the second controller

firsleshertnqah gharpeerisie o thedond ewitioabtsicecandluct i ve devi ce
conductive before the first tinme during a first

hal f - cyclaffirst controller coupled to the control input of the first controllably

conductive device and operable to receive the control sigl;al from the sensing circuit;
wherein the load control device is adapted to be coupled to a second

load control device having a second controllably conductive device, the second
controllably conductive device coupled in parallel electrical connection with the first
controllably condﬁctive device, the second controllably conductive device rendered
conductive at a first time during a first half-cycle, the first controller operable to
determine the first time during the first half-cycle in response to the control signal
from the sensing circuit, and to render the first controllably conductive device

conductive at a second time before the first time during a second subsequent half-

cycle.



22. The load control device of claim2l, wherein the
first controller is operable to continue to render

the first controllably condygtive device
nonconducti ve each half-cycle after the first
hal f-cycle. -32- 23. The load contro

devi ce of 1¢| ai Mhd fad ekl RvidRertiafmt 6C\9Hérre{%1l til(? ﬁlésit Tontroller

further operable to determne, 1 n response
nt s on1the sensing circuit, the amount
lso‘%l’ei?i?%e’io eﬁéhe i qpptrabably cwfgw@we@wcrecqmdu@a@ aPthe second
The | oad control device of claim 23, further

 timerfrd Siedgerntingd AliiberiofHbIERYOEs PSR FiNEhyf: %féi | ed to
the first controller; mhereln the first cont
in response to th

ggtn te”)nI ﬁaW-on tﬁé#’ﬁ Cgﬁ%ﬁ Vl&? obeisr | bevhrgeindhng ﬁ@te@troller

to the electrical | oad. 25. The | oad
is ©perablel to dendiccihe dirstchairoilably coMi@e@id e shasdiivk 9@211 third time

d conpri ses a l'ightin Ioad haV|ng an intensit
oo ot - : | vered to the

ea]gﬁ Hﬁ@%g&% aﬂglgﬂe pre e%%llil’lg Illlll’l EI‘ ) ny& - contr ol

deV|ce of claim 16, wherein the sensing circuit
conpri sesl% voThedgmd cantiol deviagofdlaiaui @, feies 2bBritiAg:
provide a control signal representative of a voltage

devel ope danaa%ﬁﬁﬁﬁ 0}3@1%&%1{( %(t’.)uﬁiocp Eort?lle lﬁ?s lcgntr(ﬁp d u ctive

devi ce.

wherein the first controller is operable to render the first controllably
conductive device conductive at the second time in response to an abtuation of the
actuator.

20. The load control device of claim 16, wherein the first controller
is operable to determine, immedjately before rendering the first controllably
conductive device conductive at the first time, whether the second controller has
rendered the second controllably conductive device conductive.

21. The load control device of claim 20, wherein the first controller
is operable to render the first controllably conductive device non-conductive in
response to the second controller rendering the second controllably conductive device
conductive before the first time during a first half-cycle.

22, The load control device of claim 21, wherein the first controller
is operable to continue to render the first controllably conductive device non-

conductive each half-cycle afier the first half-cycle.



27. The load control device of claim26, wherein the
control signal is representative of a zero-crossing

of the AC power source. 230 _ 28. The | oad
control device of claim26, wherein the first
controller is operable to render the first

control | abky cqnd %Hicﬁﬁtrg%ivfgg ﬁgﬁgﬁﬂ Gl WherBh t{gg glés;c] goptroller

second time during the secon -cyc1$ LP r

. ol.tage across the first controlla )
lstctﬁ %S{g\é(pgﬁeotg\ﬂie@gmne, In response to the gontrph élglflda%om thet seosing
devi ce of claim 16, wherein the sensing circuit

cie@ip thessount 6LFd Rt bem@NIRBv&E fMht cRPEIcAPlE L O Provide
a control si;ﬁgl rep?%sentative of a Ioag current
ntrol | ably conducti ve.

conduct ed,} hrough. t he second co |
30, “The. | B cOR IoBY SeRil devist ot hgurthgrepaiprisinge
control signal is representative of a rising edge of

the | oad zstateivdicator operatively codpled e HRAGoAPMI:O!
device of claim29, wherein the first controller’is

oper abl e rengde he first control| ably conductive
d IE(;vi ce ¢ oéﬁ'g%rg iqs%hﬁsﬁ CRTHE 1@58‘%@?5( tﬁ’ﬁétaaﬁ Aidigatera response to
second half-cycle in response to the |oad current.

thg geteMhimatioraef thommonit d@uiveebahg délRicradlt6 thevlesabd 1§due
control |l ably conductive device conprises a

bi di recti ﬁ]al ’ﬁ%&? Qoqlgr%i 8évi§é’\£i) ciar.}jn 24, wherein the electrical load

comprises a lighting load having an intensity dependent upon the amount of power
delivered to the lighting load.

26.  The load control device of claim 16, wherein the sensing circuit
comprises a voltage monitoring circuit operable to provide a control signal
representative of a voltage developed across the first controllably conductive device.

27. The load control device of claim 26, wherein the control signal
is representative of a zero-crossing of the AC power source.

28. The load control device of claim ‘26, wherein the first controller
is operable to render the first controllably conductive device conductive at the second
time during the second half-cycle in response to the voltage across the first
controllably conductive device.

29.  The load control device of claim 16, wherein the sensing circuit
comprises a current sense circuit operable to provide a control signal representative of

a load current conducted through the second controllably conductive.



33. The load control device of claim32, wherein the
bi di rectional sem conductor switch conprises a triac.
34. The load control devicesgf claim32, wherein the
bi di recti onal sem conductor "Switch conprises two
field-effect transistors in anti-series connection.

. A nmethgd o r ' an unt,of . powe i
32I i ver edlgtg 0 afghg?)(’réggtc:&lh%g]l Fg’gé’?ﬂ%’gﬁ]&gnwk\%empomrol signal
.source, the nethod conprising the steps of:
ISIBRASFITRSIVE of Prisingedae polbedtrdycurentuct | ve devi ce

bet ween the AC power source and the electrical |oad;

coupl i ng 31 secopdiLARLARLROY 8? ?IEH‘H E%,gv\ér ?r?igl\é_hg ﬁlggaontroller

bet ween the AC power source an e e

' rall el electrical connection wth the first
isgggﬂﬂ#)& tfe 2@}61)91‘ ths Astccontrellabby fenstuctive device conductive at the second
controlling the first controllably conductive device

tithe dbing Deduedd tRlfLgeleth ripbideth ud R dhitdpg a first
hal f-cycle of the AC power source; nonitoring an

el ectric detailtining the first

time in ?%75 S'Sn acl}:ogé %fﬁfté}%? ?%ﬁ%@f Heimn 1 oritwgein e congalably
conductive device comprises a bidirectional semiconductor switch.
33. The load control device of claim 32, wherein the bidirectional
semiconductor switch coml;‘rises a triac.
34. The load control device of claim 32, wherein the bidirectional
semiconductor switch comprises two field-effect transistors in anti-series connection.
35. A method of controlling an amount of power delivered to an
electrical load from an AC power source, the method comprising the steps of:
coupling a first controllably conductive device between the AC power
source and the electrical load;
coupling a second controllably conductive device between the AC
power source and the electrical load and in parailel electrical connection with the first
controilably conductive device;
controlling the first controllably conductive device to be conductive for
at a first time during a first half-cycle of the AC power source;
monitoring an electrical characteristic;

determining the first time in response to the step of monitoring the



el ectrical characteristic; - rendering the
second control |l ably conductive device conductive at a
second time before the firsg,time during a second
subsequent hal f-cycl e; and rendering the
first controllably conductive device non-conductive

eﬂaggg§g?ﬁ§ ..t he step of rendering the second
goﬁtrol abﬁ? conduct i ve device conductive.

36. The nmethod of claim35, wherein the electrica
char act er fesfl¢rengidapedosd sortrad bbynwndutthvageviae cosductineat a
second control |l ably conductive devi ce. 37. The

se¥BAd@fhe BELPd e MrdGimd m%é? se%gﬂﬁ)ﬁb\?%(@gﬁ lléhg];-g};(f& Sndf:

nonitoring a first vo across t

controllablg conductive device during the first
hal f - cyc| &ndering the first contgdiablyrdoniluegivetdevice nonteenductive in

second controll ably conductive device is conductive

reshOnkO @ the @te{gI of fdndBAahd the ¥&doBd cBRLbIIably conductive device |
rendering the first controllably coriductive device

ngn-conductive during the first half-cycle in
coPduffbifse to the step of determining that the second
control l ably conductive device is conductive.

38. The ri#t hodriefmethad 6F ddim B3!WHRekin @ RELSENIhhh8eristic
step of: controlling the second controllably
the second tine

coF L el d B R e o Srenol chirleBciepineaieviose
first half-cycle. 39. The nethod of claim 36,
further &dnpriBiengethdibosdigim ¥, further comprising the steps of:
monitoring a first voltage across the first controllably conductive
device during the first half-cycle;
determining whether the second controllably conductive device is
conductive during the first half-cycle; and
rendering the first controllably conductive device non-conductive
during the first half-cycle in response to the step of determining that the second
controllably conductive device is conductive.
38. The method of claim 37, turther comprising the step of:
controiling the second controllably conductive device to be conductive
at the second time for a predetermined number of half-cycles after the first half-cycle.
39. The method of claim 36, further comprising the step of:

receiving an input from a user interface prior to the step of rendering

the second controllably conductive device conductive at the second time.



receiving an input froma user interface prior to the
step of rendering the second controllably conductive
devi ce conductive at the seggnd tine. -35- _

40. The nethod of claim 35, wherein the electrica
characteristic conprises a Ioag current through %Ee
first conypol | : .41, .
et hod of ol al 5T ROt MBS HLER e elearichiepagpiferisic
deterniqin if the first voltage is a substantially
COBRNIIFE it %@‘g@uﬂemaféml’ﬁk itheafitst gontredlablyrconductive device.

42. The nethod of claim4l, further gfnpris!ng t he
steps of: 4pdet eTH Me@diok ¢ 3 ”éﬂ? Se &ep of:
subgtantially |g3/vg?t§§ekﬁﬁnea§§%%fy e g%% ?%épOf
first ti determ ni ng whether to

.and. ] !
render t ﬁét‘?‘iﬁ}lglpg dlothe fisttivabinge 16 eabstantiaby dew velage at
conductive in response to the step of determning if

apphexifatedyt thedirdtagee.i S a substantially | ow vol tage.
43. The nethod of claim 35, further conprising the

step of: ntrollin tatus_ indjcator jin response
to ItO he st ofﬁbee‘fl%'ﬂi)f? Hfﬁl@m? %& ‘qulrflﬂ%rtcommél.ng the steps of:
44. A nethod of controlling an anbunt of power

del i ver edlat@maninglfahé fits¢ abltAgedsa bakmnanlyNovP fRkc
source, the nethod conprising the steps of:

: i j1 I ontrallably conductive device
]H%etméggqFﬁ%éﬁf&%%&%?mg%ﬁrce and the electrical |oad;

determining whether to render the first controllably conductive device

conductive in response to the step of determining if the first voltage is a Substantially
low voltage.

43.  The method of claim 35, further comprising the step of:

controlling a status indicator in response to the step of determining the
first time.

44. A method of controlling an amount of power delivered to an
electrical load from an AC power source, the method comprising the steps of:

coupling a first controllably conductive device between the AC power
source and the electrical load;

coupling a second controllably conductive device between the AC
power source and the electrical load and in parallel electrical connection with the first
controllably conductive device;

controlling the first controllably conductive device to be conductive for



coupling a second controll ably conductive device

bet ween the AC power source and the electrical |oad
and in parallel electrical ggnnection with the first
control | ably conductive device; controlling the first
control l ably conductive device to be conductive for
afid@pe [ ey it [ first half-cycle
o e R PR R I S MG PS03t 1 age
across the first controllably conductive device; and
det er mi ni AYRiiAENg 3 et veléage agross theifiret dontro sy nerelutGve
the step of nonitoring the second voltage;
déverlerd ng the second control |l ably conductive device
conductive for a second period of tinme greater than

t he firstd%erLod of time, and . . renderi ng
the firstI<oRITERIGRHIS! poidritineingesponse to the step of

non- conductive in response to the step of rendering

mbhicoripobageceadivolgdeabl y conductive devi ce.
45. The system of claim2, wherein the first di mer

conprises_a,first voltage njtor circuit for )
gener at i ng gt Se&%‘??@”@?@ﬁéﬂonﬂ@’ﬁr"% devieqeonductyte for a
the magnitude of the first dinmer voltage, and the

sesgeigrdiodiofitiete greatarthaetie dirsgeAdd of BinkagR) noni t or
circuit for generating a second control signa

\r/glptr Z; 2 .ntr@ztﬂe\ﬁ%g%fle 11'11%? oot iaélg%%n Jctitvg ﬁex%gg I?gnchlid%‘ge in
response to the step of rendering the second controllably cqnductive device.
45. The system of claim 2, wherein the first dimmer comprises a first
voltage monitor circuit for generating a first control signal representative of the
magnitude of the first dimmer voltage, and the second dimmer comprises a second

voltage monitor circuit for generating a second control signal representative of the

magnitude of the second dimmer voltage.



