MULTI PLE LOCATI ON DI MM NG SYSTEM BACKGROUND OF THE
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having nultiple smart dimers, for exanple, a
three-way di mm ng systemthat includes smart di nmer
sw tches at both | ocations of the three-way system 1In
particular, all of the smart dinners in the nultiple
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Rel ated Art [0002] Three-way and four-way swtch

systens for use in controlling | oads in buildings,

such as lighting | oads, are known in the art.
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to didplayna pfesemyintensity levelesfi thehglntirg loadi@) ém astatiseinfimatort hat

it has three termnals and is nore commonly known as a

si ngl e-pol e doubl e-throw (SPDT) switch, but will be
Desaription of thetRelpledeAm as a "t hree-way switch". Note that

in sonme countries a three way switch as descri bed

ove i " ;
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commands (usually low-voltage logic levels) to a remote controller that controls the level

of AC power delivered to the load in response to the commands. Thus, as used herein, the
terms "three-way switch", "three-way system", "four-way switch", and "four-way system"”
mean such switches and systems that are subjected to the AC source voltage and carry the

full load current.

[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 will be
referred to herein as a “three-way switch”. Note that in some countries a three-way switch

as described above is known as a “two-way switch”.



control a single |load, and each switch is fully
operable to i ndependently control the |oad,
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such a system one three-way switch nust be wired at
the AC source side of the system (sonetines called
“"l'ine side"), and the other three-way switch nust be
wired at the |oad side of the gystem [0006] Fig. IA
shows a standard three-way switch system 100, which
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load 108 is a lanp, the nore energy that is delivered
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intensity |ey
three-way Ehmm%r sw1t81 152 ﬂlcludes 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 remai'ndér of the half-cycle. Because the
dimmer circuit 152A is in series with the lighting load 108, the longer the dimmer circuit
conducts, the more energy will be delivered to the lighting load 108. Where the lighting
load 108 is a lamp, the more energy that is delivered to the lighting load 108, the greater



portion of each half-cycle for which the di mer
conducts is based on the selected light intensity
wo eael1494The user is able to dimand toggl e thePCT/gktonTign423s
| oad 108 fromthe threeway di mer switch 152 and is
only able to toggle the lighting load fromthe
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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.

[0010] Fig. 1D shows another prior art switching system 190 containing a plurality
of four-way switches 185. As shown, any number of four-way switches can be included
between the three-way switches 102, 104 to enable multiple location control of the

lighting load 108.

[0011] Multiple location dimming systems employing a smart dimmer switch and

a specially designed remote (or “accessory”) switch that permit the dimming level to be



a specially designed renote (or "accessory") swtch
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is one that includes a mcrocontroller or other

processing neans for providing an advanced set of

control features and feedback options to the end user.
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providing a dimmed-hot (or phase-controlled) voltage to a lighting load 208. The remote
switch 204 is connected in series with the DH terminal of the dimmer switch 202 and the

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

[0014] The dimmer switch 202 and the remote switch 204 both have actuators to
allow for raising, lowering, and toggling or/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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link, radio frequency (RF) link, power line carrier (PLC) link, or otherwise to the control

circuitry.

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

levels of the lighting load 208 may range from a minimum intensity level, which is



[0017] The dimer switch 202 may al so include an
intensity level indicator in the formof a plurality
w@Roorirghats sour ces 318, such as light-emtting PCDUS07/014235
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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 a
smart dimmer switch for a three-way or four-way system until after the time of purchase
when the smart dimmer switch is installed and it is discovered that the smart dimmer

switch will not work properly with the existing mechanical three-way or four-way switch.
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‘entlr%glREEt%Xt Aal Hakers 4%21 Q58 %d Be Quﬁ@d%%lﬁlepihe"miecﬁdé §r the
I ncor pora reeencelnlts entirety. Not
loadsidatofﬂtﬁethWWSYSﬂmﬂQﬂéZS?my be coupl ed on either the
line-side or the |oad-side of the three-way systens

[002?100 45¥he L&Q&%lmﬂméﬁaxhpmmrsﬂ&&rﬁmchﬁ% 0%oupled
dimer circuit 410 coupl ed between an AC source

betwqc%a:aA@ somecef406sandithe vkt fizsad a@ntaqx Aopf a sendarddhrge-way switch
404 :«mlar g@%d%éﬁaﬁgﬂ%&g%guﬁleﬁ BE nﬁhm so%!r%ﬁ:#i'lld;tgg %gcond fixed

rce an e secon
contact)Btuf(Ihe thred-wiafi ewitoh 464 wiihe swivatle cobthct dfthe threedway switch 404
s coﬁ?clg% F}f% Bgﬁgtg'té&?leo&é gb Eﬁag nzal}vtmtdtl ch 4 (L)"mlgrcisecs u@on%%l ERcifit 414
coupledracfask tied digthing4iréuito4w, GCHZ atr t&ssdlbhes dllﬁﬂ'ff m:g:ontrol circuit 414

circuits 410, 412 via two s 4 cont.r ol
comE{SF B PPV HRBIITHERE SPOAAND R roGh o, PR load 408 via
one dmﬁé aibles 416 adprndmghipon Ui pdsition ofghe nftyableadntidBof/tha three-way

ne of the di odes 416 dependi n%é)lllgon t he 03|t| on . of

sw“%“n&f‘é%ﬁé’lbéhf SQutro) cIrpyL s, qpe eterm1 e whether the three-way

switch 404 is in position A or position B depending upon whether a voltage is developed

swWitc,

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

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



switch 404. Preferably, the control circuit is
operable to determ ne whether the three-way switch 404
WO 2007n49ggesition A or position B dependi ng uponP@iresiver/014235
a voltage is devel oped across the first dinmer circuit
410 or the second dinmer circuit 412, respectively.
The smart three-way di mmer 402 is operable to provide
feedback to a user of the integsity of the Iighting
|l oad 408. [0024] The smart dimer 452 only conprises a
[N ' ' it . oupl
fxe AT B0 THE iy RV bR 4080 4R BEnPE RN 462 fp s « power
supplynthaciswpyrabld toaharkedhroligh lighting 1q:idrmsr Taleszontrormrdustetm is

operfyIf R pciSim5e Sprtner i ik e E S AP iif PagHORaL g yption B n

resp(hﬁkwe Qohths! sigriab gerfdr%ted b9ty @gtenfisende cirbit §68.0THE tomteb signal

. cOo ct B of thet w tch 404. The ol
is PrEYIHE 0 ST SIGHSHE 464 ihaRe GUTN ISR SR AgR aride the
chargifig ¢UAEMDIIRE PorgEY dupgtyt flé\ginl gQ&@méﬁ) the sEBendaRéd @dmact B of the

circuit 464 is operable to determ ne_ whether the

three-way sWitely 4Q4 Tb‘hsmea thrge-wayimmer 432 35 eperghie tq proyids fepdback
to a et B GnfeRsify &IQHI: ki %htlﬁ‘é fhaalsogenerated by the current

sense circult he CTontrol signal is provided to
t he control CIrCUIt 464 when the current sense circuit

[0023k3 senSlowvevpe thailresWay eYpterant0Q 150 1sannns dpaludg pgre than one
smalft hﬁﬁ\ﬂn@ngﬂsf' 49! 9 IThExh:?ox% emends hinked riranhaeiwdy §fstdoh ﬁxat is operable

hree-way sw tch The smart three-way di'nmer
to mislyd@pémam dimmer gt b«aﬁid@ca‘t@esj phtR thigevayswptent. Ftﬁéhera there isa

| - .
need 1EI & ﬂﬁ]lﬁ}yle (i’(];cahgﬁ dkd}egﬁrrslﬁéd, %tén? ﬂ%xﬂ%ﬁlﬁg&lgﬁﬁﬁﬁ i eél\ﬁnl\éfgvne in each
locatidraef the élramg sxstemremd ﬂl@ﬁeadhmve Fatusandicatorst here is a

need for a three-way systemthat is operable to

include a smart di nmer at both | ocations of the
suMMngey G TEEINBENTIONher, there is a need for a

mul tiple location dinmng systen1having I dentica

“dimmers that_wire in each | ocati on

di i ng.
[0028) 5t em AvAORdiNG todhe RrefeRfdMEqiies? T“Hg‘m!%\ Q%Pgi’gg]\.‘]gﬁ%ﬂwyswm for
contfdling ke IpW%MélmréM el GO b ROfrdA aheC %%9 Béurce comprises a

invention, a nmultiple |l ocation di nmng stem for
first dspmepand sepcond dsamer s ﬁvéﬁwntﬂdsaﬁu@% between|thg ASgpower
sourtd L8 B8 sfeCrRarfhd SAH LG %Mﬁx%?éoxﬁroﬁl‘aﬁ@tco%me mﬁceafor

gecond di mrer di mrer 1's coupled between t
conti@linmthe rmpont efpaver delivenstl ée thei eledtri¢al depda ihessapnd @Gyner is

coup?ehdf gét&ae,{:@@ug@ EL@Q% Youl g@%g% H-Fcﬁi fo .08 68 f.e.g d {38nd

ower lvere ect rc
contibhlieblysoaddctdierdericeifer controlling the amount of power delivered to the

electrical load. The first dimmer is coupled to the second dimmer such that the first

controllably conductive device is coupled in parallel electrical connection with the second
controllably conductive device. The parallel combination of the first and second
controllably conductive devices in series electrical connection between the AC power
source and the electrical load. Preferably, a second controller of the second dimmer is
operable to monitor a second dimmer electrical characteristic in order to determine a first
time when the first controllably conductive device of the first dimmer is rendered
conductive. Further, the second controller is operable to render the second controllably

conductive device conductive at a second time before the first time.



coupl ed between the AC power source and the electrica

| oad and conprises a second controllably conductive
waelewrae4idr controlling the anbunt of power dePCTWESB®A7/014235

to the electrical load. The first dimer is coupled to

t he second di mmer such that the first controllably

conductive device is coupled in parallel electrica

connection with the second con§ro||ab|y conducti ve

device. The parallel conbination of the first and

econd control,l abl ve de
002350t + 1 BTt hieHeseaf SRS ion Srok es & RuliBI GhaER timpmine
systeh?ﬁ)r%bﬂﬁblhinggh% poact delivered rt@biéylecmc&l%m& droio ah AC b@Wer source
of .t secon | erabl.e to .nonitor, a sec
compyisipgfirst pad f?cpegmgwa o iHEriirst ignmet ip poptied Betavmqm G power
sourc'i: dnldrthé electfRalMdad ahd Borhprisds aCfirst édﬂdo@lbbl‘yy doabettplel device
device of the first dimer js rendered con

operghl¢ fheqntrol FAE a5mRM @f OYEH GAlIvEreci g ey geetpral e in)é figfgucting load
currenf frofEHE T pBRLF furélo)hé Bleetrchl 1¥8d HEY FiER tieR WhdR hhMEycle of

at a second tine before the first tinme.[0027] Further,
the AGypoysersnairge- A seeend Gmmerds conniedbefiween theeALqoxtar gpurce and
the eﬂe’c ap Q)aﬁ%h %H%ng)ggescé)g&&% l:ér%ﬂ:lfag M‘&ﬁ&n%év‘f@é (ﬁfira{bq’e to

el ectri cal froman Al r source conprising
contrbi thetanznut 9€ powelr diiliypesddo ﬂﬁﬂwmp@tbm nieg secone dimyineriis
couppe% &%ﬁ@ﬁ&@ ﬁlrﬁigepé{}@ﬁ t{laQ:tQHé’ +tﬁﬁla%i &;I{d'ugﬁ'i/e o!l&'%je 1s coupled
conprises a rst con % uctlve devi

in panq:lml alebmdabccumnttncm with dmﬁnsumntnﬂlablwmxddeﬁve\ﬁ&ww t'lale parallel

Com?lﬂgtl%{?é%ﬁgl%& 588 rs%con?%oflﬁgﬁ%hﬁt% Ig? uc 1v éése%}g u( %é%{gs electrical

connkdtich lamgbeﬂ‘lﬂdefAC yolver sfur¢andABe [etwa'[cals llmdc @©nljf bae of the first and
secaon [ r caupl.ed bet ween r ur ce

the sGpocBUeliUty CPRUEOFB AR s CBNAP eag soRals i igad ufint at o

givers iftle! thedBEIhdCAIRBRGiS YFeraSle ite f:brﬂBﬁﬂx&bEﬁ)ﬁdQ:o@u&Bllﬁlﬂb/ cbhéuctive
anmount of power delivered tof% e eleﬁhrlcc | oad. The

devicgsand HCtb‘ferﬁT@rseF%“dctb‘BﬁP r¢ thertiat me-s £ e SghdimmgE i szgble to
rendérhﬁe fied Q;Bﬁ’tr&l‘l’z[btlf' ebduRliVe 8ONEIEIH-YEhRRUVE B feSpdifRE IR 1€ second
paral l el electrical_ connection with the first
dmuewwéﬂrmﬂhy second gentreltabipconductive,devies gandyrtive at the second
timeCOMbi nation of the first and second controllably
conductive devices are in series electrical connection
bet ween t he- AC power source and the el ectrical '| oad.

[0028)| y ondceprdingfofanpther gmiodiment af tePressat ynyprtign, p multiple
locatﬁﬂﬂﬂﬂﬁﬁ esyg{@l\ﬁ' fBFt?oﬂtﬁ)lﬂle{h%kﬂo%ve} QcH&H}E’deot art f€cthieAdoad from an

rent iven tine.” The second di nmer is operable
AC noovqreml@p cpmpnsmﬁw diormergtauglsidyio dlam AGcrawes sguigec dhe first

dlmﬁ%%s\é?a ?i&stg:ogﬁgl?ﬁg* Eééxﬁ;t‘lc?g% ée\ﬁc% E)‘? %ht&éﬁm& i EPamddif of
poweraielivered ab khe crlcntdcaitloade Thewysembmheneriuptises@ sepond dimmer
couplie%st%(mg gle%t%ctah%é&e‘?gp 9econd dimmer comprises a second controllably

conductive device for controlling the amount of power delivered to the electrical load.

The first and second dimmers each comprise at least one status indicator for displaying a

status of the electrical load.

{0029] In addition, the present invention provides a load control device for
controlling the amount of power delivered to an electrical load from an AC power source.

The load control device comprises a first controllably conductive device, a sensing circuit,



di nmer rendering the second controllably conductive

devi ce conductive at the second tine. [0028] According
wo eooangi4her enbodi nent of the present inventi oPCT/EHS2007/014235

mul tiple |ocation dinmmng systemfor controlling the

power delivered to an electrical [oad froman AC power

source conprises a first dimrer coupled to the AC

power source. The first di men,conprises a first

control | ably conductive device for controlling the

nt . of o [ Lver to t ctrl
and a:(}llgtj %?ﬂtlfod h)gﬁ @6%16?1‘%“%% g enéigﬁté&e ?evnce acsoaucq%"f‘rgﬂ %nya? and is
couplekdn ebrest eléatrtal lcoankctibh deseseanhe A@pmvercsonmel andsheelectrical

econd contyoll abl onductive devjce, for ntr ling.
load fi ¢ORTaRE the Ao Rmel apineTed B the SierBical TRl Ths sibine
circuiti§ opdrable t@pﬁbvs@@@ a&nﬁblmasre?mbmﬁ@mf @ﬁrsateleb&aﬁt

one status i1 ndicator for dis

ayin statu
charagtezistie pf the lp%gontqu @le}:e 1 ﬁhggaqtl%pgq%ol?qrﬁ%gw;@gcgm t&e control input

of thé BY® @Bﬁt%lld%‘i}o“!érﬂﬁ%n@e h8agk &Rk bﬁbragﬁ\/tb G8cei @ the control signal
controlling the anmount of power delivered to an

froméhmqmsmamcutsaahﬁ Aead eantrabdericeis opsiablecto berroupleddo a second
load 8&{%{1 Akeyile ‘l‘lg %%P&ﬁé%n%nﬁmg%n&w%%bﬁé' Yhe second

conducti ve a sensin Ircult first
controtatly @bh@;ctlvﬂdsvxfcp iseoupdast mmaraébl 9leem¢dkmnm@thre\wb ¢he first

connjéﬂg%l?rc?ggl]thJe deOﬁgt TR (iir%t%oﬁfwﬂ rqu%&aﬁl% rtb Q8termine whe él the

connection between ower source an
secondieonttodlablyi walduttosdevine is oluangoﬂ betwgen Iaeloammnductme state and a
l.0ad

cond(ﬁ'?tavcbﬁt%e ﬂ%yegé%'f’jsaetﬁ? t con%rrog K ielcfg(lné thet senﬁl-lr—lh %n‘%tei{ﬂs Ing
representative of a flrst el ectri cal characterlstlc of

[0030lhe | oadhe presemtinventiondurtitreprévides a twadicpotrpldevigs for controlling

coupled to t cont r ol ut ' trolla
the ol i ter v 81 eleORk B BB b AT pR Ik 102
controbdévicd carhpyises afcoatrotlatdy semiucnge devicel bd)upla'chm devigsl electrical

control devjce operabl e to,be cou
connfHiR SewERLARe S BeR P Fans 18 ElsE A {Rer 5Py S T the
amoxgﬁ ¢ ps%xv&eml&vedqg thd ttﬁdib@'fdéﬁdu&ilﬂgtduﬁiehﬁtbl tie erRotHoatl ioad for a
evice is coupled in paral| el ectric onne
frst pyriad Qffeme P halbyie Pl WEIAC S eONE Lo, AAREOIgH Conductive
devide Hatla ORRDI ﬁlbh? I'TheSload 6mbd1QleVRe @%%Pﬁﬂ?ﬁey\@ Qﬁlti onitoring
second control | ably conductive device is chan

circuljeconpled 1 PABHCL Wi e saniroligbly CoRsiFtive dsHise anf ppeisblete provide
a cortfd] E?Q%P%SE&&&@OF@%K&E dRVEBpdd 5&9@ thE Borftfi bNEconductive

circ The present invention further provides
device. | Brdoadpentrdl dewige ferthies comprisesot ¢dntiglleneoupiesl et the control input

of thg g%@%ﬁ%%é&{@gg&@dMC@MJﬂek&% td 1R vE IR BoRfof\iehAY¥rSm 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 aspect 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



control device conprises a controllably conductive
devi ce coupled in series electrical connection between
w0 b@7AP4pdWer source and the electrical | oad fPCT/US2007/014235

controlling the anmount of power delivered to the | oad

by conducting current to the electrical |load for a

first period of tinme each half-cycle of the AC power

source. The controllably condygtive device has a

control input. The | oad control device also conprises

a.volta ni oL | ' [ j .ad | ' . '
senlE o sl i SenBetaflt £V by EQRBAT el Bt b dimmer
switcht and gl eortrailen bpedatiselg malipleéd po theaontrbilatdy cbnduclist tegee for

devel pped across th ontrol | abl nducti yve devic
contrgfiR B8 SRRt iR GefiEethd R (8 oal, EHE brolEr B RpRRFle o
chang®the|cofltrbRabl eondudtive Ueviopbiétwetn th activainbde, lia bihych the
iye device an erabl e to, recei ve . the contr%Iin

C uct i d
contrgﬁéﬂwwfl Ve IEVigE It %ﬁ@eﬁ‘eﬂﬁ thg deachcurfent, and a pagyive mo
which @t dRitloBflablyconBidtaRl Rvice isdfdtejoRt ieting e Reid dubrent, in response to
vol t age across the controll ably conductive device is a .

the canfralisignal af thy spRRing &ir¢Wye at approxi mately the
begi nning of the first period of tine. [0031]

[003Accor di THe preseitGhviiion Fekdr pRdvillfa RleGFRANS coftt6Tlinkg e amount
a first dinmer swwtch is_adapted to be coupled to a

of popyer deliverrdhtq HiFlagrigaldaabfromiy A6, Poxyer SPWEer ThEMathpdicomprises

the sRPFofcApHRBD FsITTRkroRNhlly TBndddieldelitt bEIWEERthe WA fdwer source
conprises a control |l ably conductive device operable to
and the plepwical kead.andineupling p seaend gentroliably condystivpdeyiempetween the

AC poWr FguJEQ ahd) ﬂleeélﬁcgrtiédl ¢&Ma An?g{g lpaﬁan%?a%étﬁ_galcdoﬁaﬁéﬁdon with the first

coup across the control y conductive device )
contrbalggwendudtivg dgviconThe methashfurtheeenroprses dhd step of canfrolling the
el ectrical cl.erl.sth ' | if ch:
first EorffonfabionG A dsSlce b bE cPhalehe iR s (IR il heieyole of
the AKDpéwel doabdey Alterdativtely; ehelmethod rhay canpriseaghé steg of kentrolling the
ampunt . of r delivered to.the l.oad. The.controller
frst gnegliab SisoRdpverleiss o BE cRBMNCREP o1 GreLBRIREEY (e efh haif
cycledsithe a Mpéweresdusde. act i ve node, in which the
control | ably conducti ve device is conducting the | oad

urrent, and.a passjve d [ ich the control
1003 nauct PR Bampeer sroRmsubet s et pSid pafiinsa of
controllingehe Qﬂ}?ggts % ﬁ&%ﬁbt@l@ﬁf/éreﬂ targelettriohl Ib?da ﬁﬁﬁﬂaﬁ AQ pov&éer source
circuit. The present i nveniion rther. provides
compisei eSO CERRINE # BHAIEH & SPRIHIIDBY BBV GRS Efveen the
AC gowerBotk8 Ghd tHeAdledt9ed 184d00tR e/ STuRBNE6f Soditloliably ddiductive
nmet hod conprises the steps of coupllnﬁ a first

devices Reing|qonpleq in partiel ¢loatrierl roraeqsionyandselgctivaly: copteiling one of
the pREMEGDFRBALIbIE LEEdctitelielif@do bREnERLHIfBa Perf@TON§ime each

controll ably conductive device between the
half-cycle of the AC power source.

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

communicate with each other by adjusting a firing angle.



AC power source and the electrical load and in

paral l el electrical connection with the first
weonwrngl4habl y conductive device. The met hod f up€TEs2007/014235

conprises the step of controlling the first

control | ably conductive device to be conductive for at

a first tinme each half-cycle of the AC power source.

Al'ternatively, the method maygonprise the step of

controlling the first controllably conductive device

0 be c i f
[003 al fcyc g? éa{%r%s&%i a%\\r/\%p#arggéﬁf@e P ?%Sgg@]%ﬁ%no‘? beco
appaﬂaﬁt) frbar the fblowiving rdescﬂ'fptiohe)f thiecineertidnthatvefas o the raetdmphnyin g
of controlling the amount of power delivered to an
aWHl&&ctrical load froman AC power source conprises the
steps of coupling a plurality of controllably
conductive devi ces between the AC power source and the
BRIEH BESCORIBTIONLIF WHE\DRAWPNGSal ity of controllably
conducti ve devices being coupled in parallel
|l ectri
10036 €7} ¢ £ EPRESE b Ine¥ya e Rl e e Sy D8 ¥swings
a formewdnmlnda prasently prefergse ttlb@mgoindterwde hetweyverl thatthelinvestion is
[ ur
not e REURL P B Berperls gl i S BBl 10 Features and
advantapes afl the presetenymtion villltievame dpmaaexarfr@hem fqll@wmg dengription

from C. pQwer. _source rality of
of thenyChfigh @‘a} fjets o B‘%f acpopaiite franis é‘gﬁﬁ‘e‘%t i on. Each
di mrer operates independently or with the other
[003'tﬂi mTer sFigo 1 Acshbws|a prive agtrtbrestwaf switchesystdel, iwhactethclules two
three- he £ g rlcal | oad and the di mmers conmunicate with
%‘ﬁ‘g > Preferably, the dimrers conmunicate with
each ot her by adjusting a firing angle.[0035] O her
[0038]cat ur eEigamB sadwaran&gwpkwfoftakmiop rggbree-wawdimmenswiich| system
mcluglen\%ggn? E%Fteef ! Onalt oertsﬁvé!cgccg %ng ‘ﬁ%rgé &s%t ?lgst he
BRI EF DESCRI PTI ON C]: THE DRAW NGS [0036] For t he
[0039jur poseFig 1CIshaws agirion grttfber-way ewitclong systeme i s shown
in the drawings a form which is presently preferred,
t bein S
fooddf., P} Fis, TORESHAA ik e Rmed Ml N APiRARAL L3
i nst rurrent alities shown. The features and advant ages

[004Yf t he PBigeddne simplifinditeckyipgrapeeiontypisgbariemnart muile jacation
hghtfn%'c'oﬁ%f%pféﬁ?‘c“ ption of the invention that refers to

accorfpanyi ng drawi ngs, in which:

[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 system having 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;



[0037] Fig. A shows a prior art three-way switch
system which includes two three-way switches; [0038]
woe@7/14B1shows an exanple of a prior art threeP@EYS2007/014235
di mer switch systemincluding one prior art three-way
di nmer switch and one three-way switch; [0039] Fig. 1C
shows a prior art four-way switching system [0040]
Fig. 1D shows a prior art extggded four-way sw tching
system [0041] Fig. 2 is a sinplified block diagram of '
typic
[004@y ?{gog Aé?%x,g%ﬁﬁé?ﬁ' %%t?ct {11%@%%{ 8 %érrg'yréél& CERREES of the
dimnilem;efF@é of the dimer switch of the nmultiple
| ocation lighting control systemof Fig. 2; [0043]

0043 AFLT A B P S AL S o

contrptléxtsrofahddmhnersoﬁ/ﬁyg §yst em having a smart three-way
dinmmer; [0045] Fig. 5is a sinplified block diagram of
t hree L, B
[004®h F};?g 1%%9 19 g%ti é?g‘l%rﬂ‘liepgl )u%b&%)réé%rﬁy?ﬂ'b%}hls executed by
the c{nﬁxﬁdll&irs &f the dimirersaofSHigps;i f| ed schematic di agram of a
zero-crossing detector of the dimrers of Fig. 5;
0047]
10048). 0 i FIEP9 1 R Rt 8L WAk e Brog B WS Dok cuted by the
contrdllemsexf sheodininers o5 Fig. 0048] Fig. 8 is a flowhart of the
intensity |evel procedure whi ch i s executed by the
[oosgont rol Eg 509{ a HBGcH inplhit EbﬂxtoréproL%g]wlﬁbﬂ is ekebited by
of atriac |r| g procedure
the centedigredf thy dimmecoofikigl 3:ers of the dimers of Fig. 5;
[0050] Fig. 10 is a flowhart of an input nonitor
005 focede: 1Y“i‘é £ Bindpli Ao Dotk a fh¥n 861 501 eoidcsﬁén @lfm;.
(0s Y er s i 15 &Smplifet Bie |=|a§]r11|sa;s'°:i fig
systehy mngulfwgnsmmohmmm Iea¢lph@mz>€<mr|1‘@ﬁd tg g syst em
havi ng four smart di mers, each having four | oad

[005318" M Nakfy 12 is a simplified block diagram of a multiple location dimming

system having four smart dimmers, each having two load terminals;

[0053] Fig. 13 is a simplified block diagram of a three-way dimming system
including two smart three-way dimmers according to another embodiment of the present
invention,;

[0054] Fig. 14 is a simplified schematic diagram of a current sense circuit of the

smart three-way dimmers of Fig. 13; and

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

circuits.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[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



[0052] Fig. 12 is a sinplified block diagramof a
mul tiple | ocation dimm ng system having four smart
waleoreew]1s each having two | oad term nals; [ 0058¢T/Bs07/014235
13 is a sinplified block diagram of a three-way
di nm ng systemincluding two smart three-way di nmers
accordi ng to anot her enbodi nent of the present
i nvention; [0054] Fig. 14 is_gg4sinplified schematic
di agram of a current sense circuit of the smart
draw'ill};rp %o e ocﬁﬁg Iﬁ auérﬁgt?}]n%ﬂlé m@e%ﬂo%n%ﬁgl%] 1(5) ggt%lv% n%l?th'e%rﬁmngs an
embmﬂxmnngasw sptesanﬂhyapretﬂgrm irewhichdike moimmrals s¢preseohsiimalar parts

throulgg %oad rm nal %Qagg?two ctJlrrent %_mrg&éq_ircukﬁ%@\lme

inverltfH5i6 hot| hﬁmtfe@ tegeispeci fic Mettiods afd invumensalities dfsoldsedvi ng
detail ed description of the preferred enbodi nents, is

00sE L B S P 96140 b B o

includingetaiol shifart thifes- Way ﬂuﬁﬁn@mﬁOZm 502B dceordimgsto ahe present invention.

e RS BB, A B EAEDH B BB Bp A B bk Sos an

hghtﬁ@aeicamsn Ny& thit thél @infkhaisi 5023, S02B bﬁl 1ﬂ§ntll}d3ﬂiﬁ{ sthavhite, such that
wever, that thelnvoﬁi‘ionls not rSIIted

citheg GBI AT A G PrsrPE o1 fredin 4¢q Bibg Toad-side of the

three- W2y &¥stdth goo 5Ths danfier§¥02A, 802Bi80KdShAdediingls H, H2 that are
three-way di mm ng system 500 i ncl udi ng

coup!qﬁirteéhw Yalizge F%UI'SEQQ\G anghthg lightige &W%r%;@ctwﬁbé epwitched

hot tél%ﬁﬁtS}@f‘ of theGirst dihERie 5P04As cOiE & £dintABERbEEhital DH2 of
series between an AC voltage source 506 and a |ighting

the spesd dboscr 628 Similatne ifphed Josgmninab8HR of the second dimmer

5028, 13 621 it iy A B Gt M sDB8. g teminas
H1, 92, $SHg SI@,dDHl,déHafofttlirﬁedntmn@eSQ&& @@Em%@crﬁh@mmals,

] rs 20 3o e n
s VB 7 SF01es R B0 Bt e feble bl Mbncing
the dirmiet towde | AQ soBale, soneed6tandehe/lighkinpioad 668 hot

term naI SH of the first dimrer 502A is coupled to a

|
005 T e L B B2 T R RS,
5024l vvmﬂrbe dE@ﬁBed sn gmatck deltaildnehwm Trlme@brhpnnentaqﬁ dimineDS02B have
al s _H

sim1 I £ ;H%I silmglame A?%eTrggliltﬁ%sr {3;90'%% c%y%jgnglél c%mpon@'_g of

dimrh&’ :mzmal "Fhe dimmer 502A comprises a bidirectional semiconductor switch 510A,

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 circuits may be used, such as, for
example, two FETs in anti-series connection, a FET in a bridge, or one or more
insulated-gate bipolar junction transistors (IGBTs). The triac 510A has a gate (or control
input) that is coupled to a gate drive circuit 512A. The dimmer 502A further includes a
controller 514A that is coupled to the gate drive circuit 512A to control an on-time 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 microcontroller, but may



insulated wires or "flying | eads", stab-in term nals,
or other suitable neans of connecting the dimrer to
w0 b@7/AD4vD| t age source 506 and the |ighting | oBd/BORN7/014235

[0058] Since the di mers 502A, 502B are identical in
structure, only dimer 502A will be described in

greater detail below The conponents of di mer 502B

have simlar functions and siniklar reference nunbers

to the corresponding conponents of di mmer 502A. The

di 502A conmpri.ses bi di recti on seni.cond
be ang)tRH]e SRAAOR PEHET. SuEh Tt BIPEATP ARl 19516 CEUEE CEkfmur
micrdp26¢8ssi| oSl apgidatihiesptcifisidtegaited eiredin@SIDH . As shown
in Fig. 5, the dimer 502A inplenments the
em conguct or. _Swi,t s at Ygyer, o
1005 e i cond RS swlygﬂ?ﬁ&en? r %:eﬁ I%tC]%C @y ¥ Vl%é%) l?s“l,ﬁ:rh as,
contrblér ﬁnﬂmﬂﬁh péwer sefply 316Aais tcbusled acwsstherttiad 5 b0y, ize. Hirdm the

v o 58 1T B AT RS s

able ©@%hrdeVy draWingld cha?Bink cuiread thidh Qh'é)h inglodd §68 &vhen the
dri veg(egrcw t ggi%LZA £ Ee di rmer 2A f%ler&t hg(;r i ncl udes a

triac § A ionetepnductingiand there icy ypitags Rotentigbdeieloped acigss th
dnnn&k@@ﬂht 512A to control an on-tinme toN of the triac
510A, i.e., the period of tine that the triac 510A
conduct s the | oad curr ach hal f-cycle. _The
[006Q)o 1t r 0| Th dxamer ?@%f"é‘%ﬁ H’rﬁf‘&ﬂeF ﬁﬁF%%‘é‘a‘"a@r gensing an

electﬂ&a@ Eﬁﬁ%‘ﬂeﬁ%é 8f the BithmeRYPRe @l8¥trichil dhakdceeriatio %ﬂ?stberbﬂvoltage
devi ce, such as a 8ro grammabl e | ogi ¢ deV|ce

developed aprPescies Sinmen 503 O fpad aariephcarjsueted;tar élgfr%%aer
Specﬁ'icﬁﬁy i the GfihnE) 501D LaApriRQiE erS eRRb Mg 511:%&%"1 ﬁf\af S S aoltage
tage, Vcc, to power the controller S514A.
mompumclmppwywsmsmupﬁ,ectwmséhe HéacoEOA: nEhe zqra@rfssftm detector
51 S%mgn{tmfs rt@é@c%lﬂ%ﬁ%\’:\fo%ﬁ Q egmtlﬂgr Vdita ] ’ngéro%e Een&a?ab(ﬂ' B8 fctive
ot termna power sup 6A 1s able t
devicelfd ﬂgetobgcteainm thg zaroe¢rasa3mg$gbf6h|¢ m@nt Aﬂwwewghnn Iﬁ@m the AC
| i ad 508 when_t 0
power Sﬁ%%%ﬁ gg}ﬁ‘ﬁﬁo CEOSPINE IS Sdgfe med & gféee ? %‘%?é %l g ﬁlaeveflcl)pr})lﬁ voltage
transiioho ﬁ%ni Pesitivamvareg s pol 5oy fritnenegativeto fBRivelpoldritgy at the

vesirgy et Ret ol e Hrsh o6 REASH O £ i K hput o
contrghé’f ﬂeﬁﬁg (r)Tleé d:dimmljér 913413 prdlideaghe gﬁbﬁ %bﬁﬁ&ldm Qﬁi‘l@ﬁ)Soﬁei’ae the
I mer or a |load. current con d t hrou
semichrglor SEREL 51 04 49 PVIda GEFABI QAL SGHEF FRLy 506 to he
lightihB 1 ©adC8 0854t i ppét cttirhd dOtim sl fativie t6 the ZeryRtds8@@ points of the AC
nonitoring circuit, which is coupled across the triac
waveforgp,  The zer o- crossi ng det ect or

[0061) The controller 514A uses forward phase control dimming (or leading edge
control dimming) to control the on-time toy of the triac 510A and thus the intensity of the
lighting load 508. With forward phase control dimming, the triac 510A is rendered
conductive, i.e., turned on or “fired”, at some time, i.e., a phase angle, within each AC line
voltage half-cycle. The triac 510A remains on until the next line voltage zero-crossing at
which time the triac is rendered non-conductive. Forward phase control dimming is often
used to control energy to a resistive or inductive load, which may include, for example, a

magnetic low-voltage transformer or an incandescent lamp.



518A nonitors the voltage across a "di nmer vol tage”
across the controllably conductive device 510A to
waledoens4n® t he zero-crossings of the i nput AC RE/ESWOTIN14235
fromthe AC power supply 206. A zero-crossing is
defined as the tinme at which the AC supply voltage
transitions frompositive to negative polarity, or
fromnegative to positive polggity, at the beginning
of each hal f-cycle. The zero-crossing information is '
ovi de
[OOGQ[m trol é‘?‘%é?% 3 AH@?%%C% hgrﬂ id Qxagxteagn of it terzgiroh@rossmg detector 518A.
The Ap]eteanmalshxf asﬁathvwed'aﬂifmr bsidige 63\0 mupbdphewedﬂﬂhe hot terminal

tage fr r su 506 he.l i ghtd ng .
H1 g e 0 AT B e e Fe thetfe BOoAY Ty Bridge 630
compirtyed f(ﬁ,lfrlQﬁ&Sde@ &3R0634, $36f 638N eThHD Qasraiinalsof ﬂ"beﬁdI]ﬁéFMhdge 630
controller uses for.war ntrol di pmi
are P GRIEH ALTOSBAUBHIBRE P44 PEAR ABPEO BTt 419 A T b SoP s
photdtesidtorleaa Jfithé@6pto 16640t Hspbitevd toltBE phdisdRidelshe. The
Ilghtln | oad 508. Wth forward,phase control dinmn

contioh sigpaljof theszera-Grassing Artecter Y ire s theoutputdo the %ﬂ”rﬁ@é‘ebﬁl‘“\ is

provided af tHe§8notiohl o f2H&Bistor B52 ahd the phBtd¥ansiStoR 8a4 Th%hﬁiuﬂ of the
each AC’line voltage half-cycle. The triac 510A

contioflgid A isrcayiiad) tOt%Dﬁ:e‘%’(ltagP Nec 0 theppver sppply 3d 64 thepugh the
remsﬂ)tr 64hi g@he&} Erelib Sutshdrfi gll& o VERASY @éi'e[eb%@d QeI el tM8e 5104, i.e.,

For war ase contro imMmng 1S oft used to contro
whereﬂws@;lytqd@od; G¢43sis opt fpewerd biastdcthiewatpub daithegontrpllereli 4A is pulled

up to :Pf%lﬁifquﬁghfl&)'el emlaevolé gﬁ%@%fo e& Q(WP%%% Qﬁ% 510156, aln Sm%ut

an | ncan escen
curregit wll ﬂbneturcmghehuphomdnodg 642rand tltelrresmter 65@r 6ss¢ndglgly, the

det ec Lol N f
propRrB sl Bs G LBARy ol soriron 4. atogic tow
levelt thiistht cohtrairsigriah és te bogic ldW)tevéHbl‘mmt ofDihe half-aycle and the

osi RS TReL A Ak SO RS b0 BB Bpsrniany trs
resistafiédlieta] 56 R, fulth thaAahe iaghitkdel cTake hplt euirtert thiipliglel the

across a. photodlode 642 of an optocoupler 640 and a
photodigde;od isgHpll- A phot ot ransi stor 644 of the optocoupl er

640 i s responsive to the photodi ode 642. The contro
[0068) gnal af u§eh tefacR-200Sis icﬁ@plé@tcemte @bntpdiBe, 514 Acand tblhaflow a user

out put ant 514A, rovide
to defaiibRs piceddishane st tasssiel s hubtsiaGed st thopser
interfi$é 520 R provitied'a m}alft? of ﬁ&ﬁitbﬁﬁ foe feceiviy inputsdvgth@dist9 e.g.,
t he DC vol t age power supply 516A through

inclugdfg 7 BgEkH0B3Rd aW’éﬁmElWeﬁ"é“qt%r dn5ePRRAtS 1Q1anaction of the

togglécﬂuhaﬁ Sthd S¥RIrORE S laﬁrﬁﬁﬁtokgl R the itae oF A lightirl 10adBO8 (i.e., from
t he phot odi ode 642 is not Torward biased, the output

on tor off ek vicg iyerse) peyilbhedescabed inf grgater detail below. Further, the
controller 514A will adjust the intensity of the lighting load 508 in response to an

actuation of the intensity actuator. The user interface 520A further provides a plurality of
status indicators, e.g., LEDs, to provide feedback to a user of the dimmer 502A. The
status indicators are preferably arranged to display an operating characteristic of the
dimmer 502A or the lighting load 508. For ekample, the status indicators may be arranged
in a linear array (as shown in Fig. 3) to display the intensity of the lighting load 508.



up to a logic high level. Wen a voltage is devel oped
across the triac 510A, an input current wll flow
wo booougaiz he phot odi ode 642 and the resistor 6BOI/US2007/014235
Accordi ngly, the phototransistor 644 will pull the
out put down to a circuit comon 654, i.e., a logic |ow
| evel . Thus, the control signal is the logic | ow |evel
for nost of the half-cycle and4the logic high Ievel at
the zero-crossing. The reS|stor 650 preferably has a
bst an I r r
100651 2° e Gipimsf R4 SR8 S, afpd quinhet Y28 W28 dled to
the hphtetmdiadrdﬁl A2 (whichrmed prefgrablg3pupled s@ thei AIC pofrvac scowr2®A06 and

o R AL RS O ARl B G R 59 5 e

eachtcb&plleté bbiweeg tlheoAd: ;Eﬁr&r sotiree 496 and ltl}eelﬁglamg 1620408 such that if
. rovi aes, I actuators or e i Vi ts
cithef pggary iy S22 22 B ion LR SLpTREcti O i firoueh the

hghthigtlSﬁtSS@S/ Bld didirAérs SODAL SOTP Rsreher ComPris€indatiofNSDfA 19248, i.e.,
le button, the controller 5 14A will toggl e the

°h°k§% %P'@V‘Q%CIFFW?W“F%&S’GBC? (EMD filtsring on to of f
and vice versa) as wll be described in greater detail
[0065F! Ow. E\%E:&ﬂdﬁ{g totthepfe@éﬁtrlm&n%n Sthé Arixds|sl10AJS UGB of ke dimmers
intensity of the I|i n ad 508 | response_to an
5024 0q B are Fowrled Higpar "éﬁgﬁ ?‘V%E?‘H‘&FB?“ gifrgen, ther AC source 506 and

the lightifg c2a&082 %w uhé Bﬁthenﬁ@cysl @3, 31pBUifll dohiud fth&foall Gsrrent
i ndi cators, provi de feedhack to a user

fromghe M‘esqaar?ﬁm%qﬁ @belglwfeg ?@aé% at aRY gixeRHEmeg he dimmer 5024,

S02BPhASiRE el c)bnéﬁé’tﬁ'@gﬁgc 500Al1 SRR c%ﬁs@@retbege' il9n “active” mode.
characteristic t he di mmer 502A or ‘the |ighting | oad

Accaadglythe drangs] 5@2Ab AB2B that hes thedrieap bRA. THPB that is not conducting

currehf LPETeplfle oo OB Uil Ao B, WRGA g it 024,

502BT1san thenantive nmmhefre@lachmd:mn!mllar b tybdp, BB is lopsrabRtA control the

522 d.to th m nal.s
on- e SR SRR i S00%, ALOAE By theirosth e g 1one
508.1ighting | oad 408, respectively). Accordingly, the

airgap switches 522A, 522B are each coupl ed between

e AC C d
oo, ", BBy 5aE xR OIS Aol o 453 f8Roaedn
“parailed ekenmcascqmmement’ pal fitst pathf ¢anvhertgxct:& frougthetA@ sbmghlSDﬁ to the
r.s, 502A 5028 t.he onpr

ightigged o ek hE DR deyicg, WheiRiibe Hest gai FGT AR s through the

secomd eémg@ XAg ﬁ@éd:(ﬁldl patlecaﬁﬂseeﬁmd(f&% thef Aﬁtseﬁtcego tHDDgHiing load
Accordin tot rese i nv | O the triacs 0 .

throughaRe HeOR LR P S DS <cBS Batty s B AsH R RagL g firgh device.

Accoilingly, btk elofitarédrporRaisagbé beuphéd makrieewitl@h@fght and

second devices such that the first and second devices are still fundamentally coupled in

parallel. For example, the inductors 524 A, 524B may be coupled in series with the triacs
510A, 510B, respectively, such that the series combinations of the inductors and the triacs
are coupled in parallel. Further, as used herein, first dimmer and second dimmer that are
coupled in “parallel electricai connection” are coupled such that their controllably

conductive devices are coupled in parallel electrical connection.



the lighting | oad 508. Only one of the triacs 510A,

510B wi |l conduct the |oad current fromthe AC source
woeO®7ne4the |ighting | oad 508 at any given ti neCT/TR®07/014235

di mer 502A, 502B having the conducting triac 510A,

510B is consider to be in an "active" node.

Accordi ngly, the di mer 502A, 502B that has the triac

510A, 510B that is not conductlhng current to the

l'ighting Ioad 508 mnll be in a paSS|ve node. When

he d| ive '
[006jﬂes pect i enc ont' ﬁ% %l' L S 59;({] '%Tjﬁe PESES e’fl%%i el Pr St controller
514Acophitorls thdfiriag ahglewf die sebendtriad 5¢ 0BNie.| thegresshDibrtersitYBf the

. ..lo.co ol the.jnten e lighting l.oad 508.
lighting 4681 S0 byenghioting he Sint ot ArBliaOPsuiRg eregSs s18a.
Accoréif g4l ttﬁqwsca)rﬁfoelewm& operabl@fy dikplay tied mresdnit ﬁghtmg intensity

connectj on" path can he traced fromth

of thé ighting logd P8 Spiiee AR R HEA 13 28 hS0RSeE FERAS 08 ipirgpdent of

whetﬂ@thhE Bontr1Rir ¢4 Prebéiftlyl dohfrbllR@fthe A8AMgIBRd.PASS through
the second device, and a second path can be traced

fromthe AC source to the I|i | oad rough_t he '
[0068L:cond AeHPding tpifhs Bresent H%"%‘gebﬁgg cEHoRAn 302B egoperable
to cohithitiedie With dach Sthed @Y taRe cofPr &f ﬂhg |1ﬁght1§§ e 508 When the

el ectrical conponents nmay be coupled in seri

dimmer>02A; SP2R pgjingthe eﬁ%fl\tferVP@feéhes%WOElﬁ!a§0%e5q2ﬁl§Ppswele to
changé ?reﬂxdthg SUFRSmBAE toSlthE lakti¥etnoadRIaRE Ldn lé@lﬂ?éjl 1ng load 508,

par al For exanpl e, the inductors 524A
for e&mmlleem respozee focan aqteationtef atbutten of gheomser 5110'@06 520A 5223 To
ke LEFRAE A honplh 084 ARGSAL) 2p SombrGtippapal: S0,
502BAhat isen thegmassiye chddgriepperable ite ﬁredﬂhmmpeatrn'cb twac dAtA, 510B just
| JTES S I el ectrical
befor%onnec clogﬁﬁe glrngngrgﬂd% i mgcaﬁﬁ?%&t()d?hel r controllably

conductive devices are coupled in parallel electrical
[0062)onnect Forexadmdd|if iedirst dimnfar 592 Ads imthe a0 pamogejand theesecond

dlmnFeQ%%bﬁq ﬁl a%é??%rnlodgtthg glp% chn?lgeI%é,ﬂﬁl 1?2)5{215?%20 tcgl?trol the

e secon riac
mtenplltyeeélhb llghtlag $oady508fbyt thenihg ghthertgiat 620A 50 8 tinly/approximately 5

toring the o f the first i .
msec B SEaE AL EBr A Agr y STaste AropRinglIFIREER 1A il
cond'uft thﬁ Bfalﬂh:luﬁ'ehofod lanﬁktayl t181|fle tén ﬁﬁ' apﬁroklrghély(rjfgrdséﬁ é}mhi}ia)f-cycle
the |1 0, on e S nlcatrso
To i gonge of i HPRIREIoaSR FRdap ErEIEr on e REFDIETe frm on the
secoiPiHat 3l10BIat b 3iniké BSBRY thy e RbALOIdr5I 4ANRrs (ﬁhhb Hi@stltaacls 10A,
[ 0068] Accordi ngﬁt 0 thgu?rese i nventi on, e di

for exggpple; a@AENG ARPTOKERAFNY &7 BISEHAMGTA ZSER -7 R g éwg%mltage
(i.e., béch thakesérehd bAltim®font BEtheisedindntiat 808 5081 nen Théfirst

controller 514A then determines that the second controller 514B has fired the second

triac 510B by monitoring the output of the first zero-crossing detector 518A. Specifically,
the dimmer voltage across the first tnac 510A will be substantially zero volts if the second
controller 514B has fired the second triac 510B. If the first controller 514A determines
that the second triac 510B has fired, the first controller does not fire the first triac S10A
during the present half-cycle. Preferably, the second controller 514B of the second
dimmer 502B continues to control the conduction time of the second triac 510B with the

second on-time ton2 for a predetermined amount of time, i.e., a predetermined number of



di mer 502A, 502B is in the passive node, the

controll er 502A, 502B is operable to change fromthe
wpassivgisinde to the active node to take cont redT/o82001e14235

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

control l er 502A, 502B of the_qgmmer 502A, 502B that is

in the passive node is operable to fire the respective

half- {: dl C gll(ﬁé}e E@qgééﬂt' 1|7‘)<5/:tle§3 %ﬁ’érq[l%gxgg]&{e ir}leg];z(irax{r?g?lt 8t ﬁ'?l‘ét tll]me second

contxbllelsi 14:B witkcoriiR the secomd trize SAOBi toa desuted mmhstthée\@é eond

detewl%%?@g Bglpi’ﬁﬁmv%& r§5 Isgcoflgq‘g% 1tn¥e<5§‘°? ﬁe Pnt ensi ty

of the lighting | oad 508 by turning on the triac 510A
[007Q) a ti ResappriOshowtfeiwchartseé thesbftmaraofthe contradsiyigA, 514B

I|ne Accondingly,,.the triac A .
for of e gk b 51 A SRR TRk iR (8 300 pggraing o
the pﬁefsempnvmionatl’eﬂemoavdmﬂe wélbh desdribed Wlﬂﬂeféfmdeak ehe first

cantro), of t htin h nt.rol
contig gt o Sieh Hiwigh B teiind Bitiotle” S188 REtEreP B e BheS Eyactly the
samd doffvabe€f ore the first controller 514A turns on the

first triac 510A, for exarrple at a tine approxi rmtely

007 %™ Bl 5 aP ARk LA TS HBrile VRS DS b g ey
execiited @Cery HaH-dyglebekinfBRg at a ﬂ'die-cf'dssﬁig of QXIT volthger soﬁﬂdbﬂs% at step

710. 18 ik PR S0 11 e ASTES DRCBgt SR | b (e REIG et pegins

decrdakingh step 1738 wAGY & ﬁaitﬁﬁ vhig tﬂzﬁk@ﬁ%@:’onﬁi&ﬁa desired intensity level.
Specifically, the di mrer. voltage across the first

The dgsjrggd "?JTEFAIY\AFW Ipgenstaied MFesRANSS 10,2 HRFT YRt sfor £xampele, from the
user ﬁﬁé‘r@e[é‘é 520R14nAlik SlorelidB Moty Bfe CHRAraRE GIAL rWﬁSn the firing
510B. If the first controller 514A determ nes that the
angl%@@eh@cmersaa:ﬁmtosc Huerreptraguest RQ)joceyrs ¢ dniriag ifiring pieeagdure
{ I
900 ¥ gcurdinrBbhont & mf trEfrige G S flibd BeschibEd ffrenter detal
belowmfltbe@i'ermcthﬁmrQSOZB continues to control the
conduction time of the second triac 510B with the

[007 »Fcond Wichi thed §<91Af>s,§rt ﬁ%@{@ﬁ&r@mc&fmuasm

I.e., a predetermne cycl es

deteremges the ffiriag apgle dfahg sespnd eriac 0B the seqond dlemmenﬁﬂéla (which is
n th@gawgtmgéﬁ%gbgg 1ﬁI::gf"y ?@tﬁg '&g'{t,%x%p§gﬂg I1 ot§ﬂ'§-§ é@tlk’lﬁ mode 1.€., in the

con cond ‘tria esir I nt ensi
passiveweldeaat stigpt B2y degtrhiration iemiadpas topriaathetdbie dynthSOZA is
eco inter B. .[.0070 .
wansf e sl Bk B ae R AT 6, e B, A Blensicy
levelSimés i§ starte) et siép LB t Tise dhitensity seveDlrer ERPRsesintvadue with time and
is usér{] f;)? an }Arﬁgnsﬂly Tovel 8rosc¥31t1r% '30399 cglcégl%[e%g %ntn% angle of the second triac

510B of the second dimmer 502B.

[0073] Fig. 8 is a flowchart of the intensity level procedure 800, which is executed
every half-cycle when the controller 514A is in the passive mode in response to an
intensity level IRQ. The intensity level IRQ occurs at step 810 when the controller 514A
has been signaled by the zero-crossing detector S18A that the voltage across the first triac
501A has fallen to substantially zero volts. At step 812, the controller 514 A saves the



the present invention. The flowharts will be
described with reference to the first controller 514A
ween1saeigh the second controll er 514B pref eredi/ys2007/014235

executes exactly the sane software. [0071] Fig. 7 is a
flomchart of a zero-crossing procedure 700, which is
preferably executed every hal f-cycle beginning at a
zero-crossing of AC voltage sgyrce 506 at step 710. If
the dimer 502A is in the aciive node at step 712, a
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detail below, with reference to Fig. 9. [0072] When
at stepfd 6nehexits 80P 818.i n t he passive node, the first
controller 514A determnes the firing angle of the
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812, the controller 514A saves theval ue o

the adyane pynfen hagedecrensrd tojzaraat figpotaf. Hie ‘i"l’i‘émL‘S'h? 144 prtprs the
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|ntenS|terveI timer, i.e., the firing angle of the
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514A preferably executes once every half-cycle in response to the fire triac interrupt
request (IRQ) at step 910 when firing angle timer expires. The firing angle timer is started
at steps 714 and 726 of Fig. 7. If the dimmer 502A is not transitioning to the active mode
at step 912, the controller 514A monitors the output of the zero-crossing detector at step
914 to determine if the dimmer voltage across the first triac 510A is substantially zero
volts, i.e., if the second triac 510B is conductive. If the second triac 510B is not
conductive at step 916, the controller 514A simply fires the first triac 510A as normal at
step 918 and then exits at step 924. If the second triac 510B is conductive at step 916, the
controller 514 A does not fire the triac 510A during the present half-cycle. The controller



lighting intensity of the lighting | oad. The
controller 514A then uses the determ ned |ighting

WO paoengd4ty of the lighting |oad 508 to ill um nBCBEUSNET/014235
or nore of the status indicators of the user interface
520A to provide the intensity of the lighting 508 as
feedback to a user at step 816 and exits at step 818.
[0074] Wile the di mer 502A_'3§ _transitioning fromthe
passive node to the active node, the controller 514A
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such that fherpntrgHer fIWé they Bk Hince 19a0pedoerthe greond diacrBiPB for three
half- éﬁ?esa\gtﬁ?en&ﬁsﬁmgefo thescilrcheds eﬁeitoth%ed'oﬁtr@fleﬁ IQIpprzgé)sses the

he control ler 514A enters the active nod step 7
inputedordirigly at siep ¥@3anek exdtsiahgtepd 822dur e 700 at step 730
[0075] Fig. 9 is a flowhart of a triac firing

(007" oceduimiRAfe yé@ez&hmtéﬁﬁoﬁ B3t bedrd SdscRIA With ?éf%fe%@é Yo the three-

execut es once every hal f -cycl e in response to the fire
way dimmaingisisteny ¥ shoaauia diig. (3, He) prasens invgndaw ispes dintitad; tagncluding
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onty 809 fu 02 R BUSES Figf 19 if b binflh RAH1EN 4fBBand S¢ FhAAGAC
locatinmtditnming systemili§0 havingdowrcimartdimyuers 41 02Acpl (2B 1102€, 1102D

Nt .- t f e
accorgfflt foFhe rsﬁs%’rét‘hav%.%#xo%’a&% hﬂ?m@%f}%z} qh 8&%} 102C, 1102D has a
contrdllatﬂy condidctizg deeice (rsgz, 8 bréacf lrlQA itl1eR, B10E, 1$10D. The triacs

t volts econd .t

11108y SR 3Rk L PR steiotBred it Bataisl b e ALERRS o Rfween an AC
pow? gaghde 1 E}O@ ?ﬂd a $ighting®lbad 1108, suohttiap lehcﬂf triac 1gldble td@r}trdol the
. ires the |rt triac 510A at st
intengifpnt BkNERUIRE 1elo AgPRw RN Fipd lo BRan i 403 R0 bl A, 1102C,
1102DYGEA téAnidhlstb @RoWY6r sitdple connection between the dimmers. Each of
the dimmers 1102A, 1102B, 1102C, 1102D includes a power supply (not shown), which is

operable to charge by drawing a charging current through the lighting load 1108.
Preferably, the charging current of each power supply is substantially small, such that the
sum of the charging currents of each of the power supplies is not large enough the

illuminate the lighting load 1108.

[0078] Only one of the dimmers 1102A, 1102B, 1102C, 1102D may be in the
active mode, i.e., controlling the lighting load 1108, at a given time, while the other three



controll er 514A does not fire the triac 510A during
the present half-cycle. The controll er514A changes to
w0 b@7peEsi ve node at step 920 and exits at st epCOR&2001/614235
the dinmer 502A is transitioning to the active node at
step 912, the controller 514A fires the triac 510A at
t he advanced tine to take control of the |ighting | oad
508 at step 922 and exits at _gbep 924. [0076] Fig. 10
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counter to a maxi mum advance counter val ue, e.g.
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a controllably conductive devi ce, ., a tr| ac_ 111QA,
[008@h 108, E!&L@@:lséilmﬁeﬁﬁéoqlﬂla&@ml‘lfl reeypepdimming system 1300

accot&ﬁ?%\g ﬁloﬁpéf%%ﬁ)@dirﬂerﬁ A dld gibsent ﬁ%ﬁ%&?l Tﬁé’%@?&ﬁ h ?éb comprises

en an ower source 1106 an
two difrosers 302A L mZBsanlplqdrbemeersanabC@wr sowrce d 806 pred a lighting

st ARt o 5 B T o SR B B s

The digrmens aBQZAol 30 2Boinchude caiTeqt] sensonirmas il 621649313/%@9 wthingh are
coup?efdgﬁexsl férhe swﬁch%d %Io{' : qnag‘ g%%f SI%%,O 23%1%%& and both

Ca—
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es a
provmmmrcmlntrel mgnﬂhalag:enbylldrmmm} Whehthegiimgetsit 362X, 1302B are in

the PRI RGS (7 PR ST SERol SaatAs (B PP sabifSl el
repreiaiﬁhilve 6 firihgtanglecofIhenrizc 5104, SheB g tig othiriteias. SFef example,

of the power. supplies is nqgt |arge enough fhe
when ? rst dlmmer 13 2Awles in théJ gasswe mode, the first current sense CIII'Clllt 1326A is

operable to sense the rising edge of the load current through the switched hot terminal S1
when the second triac 510B fires. Even though the flowcharts of the software executed by
the controller 1314 A are not shown in the present application, the controller loglc for this

embodiment is substantially similar to the flowcharts shown in Figs. 7 - 10.

[0081] Fig. 14 is a simplified schematic diagram of the current sense circuit

1326A. The current sense circuit 1326A includes a current sense transformer 1430 that



illTumnate the lighting | oad 1108. [0078] Only one of
the dimers 1102A, 1102B, 1102C, 1102D may be in the
wa@ewrae4ndde, i.e., controlling the |ighting |pPedusdO8914235
at a given time, while the other threedinmers are in
the passive node. As with the system 500 shown in Fig.
5, one of the dimmers 1102A, 1102B, 1102C, 1102D in
t he passive node nay terrporarlﬁy increase the firing
angl e provi ded to t he Ilghtlng | oad 1108 to take
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current sense circuit 1326A is operable to sense the
ratherjtanthe cgmpagtort 1484y oad current through the switched
hot term nal S

[0083] Fig. 15 is a simplified block diagram of another multiple location dimming
system 1500. The system 1500 comprises a plurality of dimmers 1502A, 1502B, 1502C
coupled between an AC source 1506 and a lighting load 1508. Each of the dimmers
1502A, 1502B, 1502C comprises a triac 1510A, 1510B, 1510C operable to control the
amount of power delivered to the lighting load 1508. Since the dimmers 1502A, 1502B,
1502C each comprise four load terminals, each of the dimmers comprises a first current
sense circuit 1526A, 1526B, 1526C and a second current sense circuit 1528A, 1528B,
1528C, respectively.- Each of the first and second current sense circuits is responsive to

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



when the second triac 510B fires. Even though the

flowharts of the software executed by the controller
waldmiaere not shown in the present applicati oPCT/UR®07/014235

controller logic for this enbodinent is substantially

simlar to the flowharts shown in Figs. 7 - 10.

[0081] Fig. 14 is a sinplified schematic di agram of

the current sense circuit 13264.. The current sense

circuit 1326A includes a current sense transformer
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of the current sense transformer 1430 is coupl ed
inverdiongss a resistor 1432. The resistor 1432 is further
coupl ed between circuit comon and the negative input
[008Sf @ CORMAbaLIOthe#estnt MvemicN IRBGRelY BbscaBed irbreftidai6 articular
by a voltage divider caonprising two resistors 1436,
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tied to the DC voltage Vcc of the power supply 5
by thesperifin disclosuiediensing 440 and is coupled to the
controller 1314A. Wen current flows through the
secondary wi nding of the current sense transforner
1430, a voltage is produced across the resistor 1432
t hat exceeds the reference voltage. The conparat or
1434 then drives the output low, signaling to the
controller 1314A that current has been sensed.
Alternatively, the current detect circuit 1326A may be
i npl enent ed using an operational anplifier or a
di screte circuit conprising one or nore transistors
rat her than the conparator 1434. [0083] Fig. 15 is a
simplified block diagramof another nultiple |ocation
di mm ng



system 1500. The system 1500 conprises a plurality of
di mrers 1502A, 1502B, 1502C coupl ed between an AC
WG ouwrae41506 and a lighting | oad 1508. Each of P€T1€S2007/014235
di mers 1502A, 1502B, 1502C conprises a triac 1510A,
1510B, 1510C operable to control the amount of power
delivered to the lighting |oad 1508. Since the dinmers
1502A, 1502B, . 1502C each conmgrise four | oad
term nals, each of the dimers conprises a first
urpent ;sense circuit 1526A, 1526B, 1526C and a second
Whal iy dalifed 38 e Circuit 15284 15288, 1528G
respectively.” Each of the first and second current
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3. The system of claim 2, wherein the first controller is operable to
monitor a first electrical characteristic of the first dimmer and the second controller is

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

4, The system of claim 3, wherein the first and second electrical
characteristics comprises first and second dimmer voltages developed across the first and

second controllably conductive devices, respectively.



anmount of power delivered to the electrical |oad; and
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a second controll ably conductive device for
controlling the amount of power delivered to the
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rendering thensefond|cantrolablykendictive Hevite catductivg befbrestheifgst time

. ORer abl render the first controllably conductive
dmn&@\g/?gés@gfn%dgrerve at a first time each hal f-cycle of

the AC power source and the second controller is

oper abl g to q’ﬁgg ﬁérﬂ‘%)f‘:nﬁrlf7i éxﬁ e Je@oﬁcf“ fer Is2 perable to
6. Th C a|n1éf

t he second di mer vol tage. e system o
rendexiiee sicond kentsaliabhylcauintiv devicd eondpetiwbitdhe¢ second tiere for a

the . ond, cont.rol | abl y .conductjv eyi ce conductive
e e T i L ot
hal f-cycle. 7. The system of claim®6, wherein the

first cgntrolhgkydism OPeLAM!6S whrein 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.

10. The system of claim 5, 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.

11. The system of claim 3, wherein the first controller is operable to
render the first controllably conductive device conductive for a first period of time each

half-cycle of the AC power source and the second controller is operable to determine the



det erm ne whet her the second controller has rendered
the second controll ably conductive device conductive
whedoone4the first tinme during the first half-cpect/es2oarons235
to render the first controllably conductive device
non- conductive in response to the second controller
rendering the second controll ably conductive device
conductive before the first ti® during the first
hal f-cycle. 8. The systemof claim7, wherein the
first p&dY" tfrﬂgbf' fle! téoiu%ﬁgglgl%!oﬁdﬁ&iv@?'%gﬁé in F&Pgﬁﬁ%nghe second
ontrol ['abl'y conductive dévice conductive at the
dimmercwottdge.i me for a predeternmi ned nunber of hal f-cycles
after the first half-cycle. 9. The system of cl ai m 6,
wherein the second dinmer further conprises an

act uat od2- t hdhgesygera afsiaimol 1, athergie thersesondhcqriradier istoperable to
rend&3i08&kohi@ gbﬁt%ﬁa%ﬁ’;" YorkRRAYVE bl vi€e dSREuERVERT qlé%éﬁ’cﬁ%éﬂod of time

the second tinme 1'h response to an actuation of the
greatgrthan thy first perickhef tomet em of claim 5, wherein the

second di mrer further conprises a status indicator

coupled to the second controller, the second

contr ol B&r  of&espstemias clam k2 Whersin thedfirgtcanixglienisgperable to
deternfin®¥ethe &etsﬁé‘m{d dontrollbias r(]:ﬂderé_ch&e%)éé&rﬂreo‘i’lftroﬁa@l?'@oﬁductive

wnerein the first controller Is operable to rendef the
devide qontuetivet foothezstgndcparnindaifitines, dad te rendenthia dirstvaontroHalkly
condm:tf\%t deRfde! %-&)fndh&tq(?e ﬁ%ﬁmﬂ@% fo'tﬁx géc%nﬁ fcoﬁ%?llé%@eg@é%rg the

source and the second conmtroller i g operable to
secomtbcantrollablyt doafluctte deyideadndiictivierfer the se¢mndfperst of time.

control |l ably conductive device in response to the

second di ner voltage. 12. The system of claim 11,

- wher ei nl4he JbesyHerm@iictayn| ey whereyp thessisrend eontrodlge s operable to
I v . . . ‘

rends e SRR AUy LA O REEL LHRLORK o7 REREHA p¥ifod of time
for apeedetsimaried; iumber D halfiycley.st em of clai m 12, wherein
- the first controller is operable to determn ne whether

the second controller has rendered the second

cont r ol 1&bl y The sustemiof elagm 3, seheeain thecfiisy eortraller fscoperable to

rendecﬁﬁffoﬁ t P,gr{l)tkcﬂﬂnbgt %ﬁsddﬁgtiv@g&ié@an%ﬂgtWe thﬁ'u{s{ fithk each half-cycle of
control lably conductive device non-conductive In
the A@ppeeswutae anddo sleteomihecwitherl the first dindmer moltdgess ssubstantially

low ‘gog{:%%gl %@?{’%ﬁﬁ?%ﬁ@éﬁi%yi ce conductive for the

16. The system of claim 15, wherein the first controller is operable to
determine whether the first dimmer voltage is a substantially low voltage before the first
time, and to determine whether to render the first controllably conductive device
conductive in response to the determination as to whether the first dimmer voltage is a

substantially low voltage.

17. The system of claim 3, wherein the first electrical characteristic
comprises a second load current conducted through the second controllably conductive
device, and the second electrical characteristic comprises a first load current conducted

through the first controllably conductive device.



14. The system of claim 13, wherein the second
controller is operable to render the second
w@onngl4hiabl y conducti ve device conductive f orPe€mes2007/014235
second period of tine for a predeterm ned nunber of
hal f-cycles. 15. The system of claim 3, wherein the
first controller is operable to render the first
control |l ably conductive devi cegconductive at a first
time each hal f-cycle of the AC power source and to
determ pg wh t1 AR ' :
subst ant |§al I 3‘}.? (?)&/St&lﬂ%fagi;f{él%alt7d appr g)l( F}%aiﬁéﬁ%ﬁ%&fo fnrpsr%ses a first
current pense mcmﬂ'hperglylstt@ pomfuct theispeoitsl, load eurmént and ¢hef $e|cemd dimmer
[ | et h t
com s%g a%eco dtcetléréeg? %engg gl %l}lfo n?&bﬁ% Fn &T g\;v‘l'&v% ?rglsgt ll(?%d { it e
the flrst time, and to determ ne whether to render the
first cegtrokhg kgggfe&mm e wiieMdife ﬁhecﬁl@ﬁ El@r isbperable to
response to the determinati oh as to whet her t FIP
rendefi therfirst \szgntmig@ly sonflusting demicd edniductivaateofinstigme each haltﬁeycle of
I
the F&%Eé\gg 2 és:ét ;H{g”igg sec‘&ﬂgeghtgoﬁéﬁs éﬂaé ?ﬁleg(k 8&%{&{1%? the first time in
requnsnduﬂleesdcctmmmgmrt\doﬁag@cond control | ably conductive -
devi ce, and the second el ectrical characteristic
conprises a first |oad current conducted through the

first c@®trolMhgisysteroed@laam by evhgesin the firgt arﬂ]%ecgprét:@nﬁqﬂably
condﬁl:t?w}erﬁel'?ces%ﬁ%ﬁk@bfdﬂ%ctﬁ&{aﬂ rﬁlcg}ﬁ.{ct fdhigs a first

current sense clrcuit oper e to con uct the second
| oad current and the second di nmer conprises a second

current ;$eNsSgpg 's&éi&htof‘apa%% Gtheféu? ARBiGiredtidRal éeﬁﬁ&onductor
| oad current. The systemof claim17, wherein t

SWltq?WSQmE@m&mﬂcer is operable to render the first
control |l ably conductive device conductive at a flrst

time each half-cycle of the AC power squrce and t
second &ont r dbE sYsters of SERAOe Whereg therhidingctional srem1§ftnduct°r

switdhe§BothPri§ RPNt cl Pnsie6a Ml asti S8RSs coahéaa:. 20. The
systemof claiml1l, wherein the first and second

control l ably conductive devices conprise bidirectiona

seni congsiCt OIThe Whitei@F claimll, furteer S¥fipeigingt cl ai m 20,
wherein the bldlrectlonal sen1conductor sw t ches

conpr i s@Pirglityof dimmersrgachhaving.3 genteqliably cmdum@r@vwe the
contrloN8b1y cBhll &G ivie @ ces 611ihe PNHHEH/VT dimmers coupled in parallel electrical

connection.

24. A multiple location dimming system for controlling the power
delivered to an electrical load from an AC power source, the system comprising:

a first dimmer coupled between the AC power source and the electrical
load, the first dimmer comprising a first controllably conductive device operable to control
the amount of power delivered to the electrical load by conducting load current from the
AC power source to the electrical load at a first time each half-cycle of the AC power
source; and

a second dimmer coupled between the AC power source and the electrical
load, the second dimmer comprising a second controllably conductive device operable to

control the amount of power delivered to the electrical load, the second dimmer coupled to



switches conprise two field-effect transistors in
anti-series connection. 23. The systemof claiml1,
wo eoovhexsizonpri sing: a plurality of dinmers, eBChUS2007/014235

having a control |l ably conductive device, the
control | ably conducti ve devices of the plurality of
di mrers coupled in parallel electrical connection. 24.
A multiple location dinmmng systemfor controlling the
power delivered to an electrical |oad froman AC power

the ﬁgs‘? Wiifner gnE;‘ﬁ tB%She gc]:c%ﬂm?:f)héél%ly & duEtSi{7 e QLVIDESs C%Pgﬁg &4 parallel

et ween t C power source and ectri cal

electrti¢ad connestion wnhethe ﬁostppnsolﬂ@lﬁcmdusnvc; denice thepdrgllel ,

C e he . Of . -
comt R HE T o Fos SRR Ot lebly SRl Ao SR Wi rrical
connémd hetwesearthe W(bmthoAﬁ:epm\d/ahe slectrical lbad,tdmdy one of the ﬁrst and

tric .St ti each half-cycl.e of t
the scgefd phprFellanty andbisife aevidts shePRIe RePnai e lra Gptentpt & given
time;t he AC power source and the el ectrical Ioad the

second dj a seco%ﬂ contr.o

ris
conduct ‘f"b%reﬂ‘etw é %ﬂé*"é‘gf o5 1T QPeEUe F%Tenti?fet cgptrollably

condBWRIdeRkIcYRARAivE At h B8Rt i béTate the figst tinkks ahgcond
di mer coupled tothe first dimrer such that the second

cont r ol VherElp the Fastimper ionesdle to repden thy first contrallably

cond6dtieldel @ InoA Q3AEELvalin WspBndenS thd §tbnd iHune} teABLng the second
conductive device, the parallel conbination of the

contrplighly capgictive davice sprdushivast the senoaddmmse devi ces in
series electrical connection between the AC pomer

source and the electrical |.oad, onl e first
and t he?Secoftdnblsipls oratgn 4i “E%‘ﬁ& lﬁﬁtg‘%}‘én ORERN Qng the power

denvae& k&R BlebRicaridy %n{ e AoV & WolRB! thalsyste S doRiprisinEe;
wherein the second di nmrer i s operab ble to render the

second &6t dsnmghegupdeshighe Mep%@r seurceothgfirst dimmagr o
comp?ﬁﬁ‘gpglts't g@ntﬁqfag per aEfé\Ler Slvidel ln}l?ﬁ'{ete(irﬁblintﬂ Bf power

inmer 1s 0 render t
deliverod tto dielfamtlycaidvﬂmgnﬂve devi ce non-conductive in

respons ae{) ?n& A &gﬂéjd i efe@@ﬁlgf 1%?8 thd Q%c%‘tﬁﬁ%‘i‘rﬂm

contr ol device con i've
comps-ismgxisebmmcorﬁﬁ:llahlmdrﬁupth\e dayozt foocordiathmg) thesansduatof power
e power delivered to an electrica

ntroIH
dethrggao CoHrATe aigo%‘% source, the system conpri'sing:

wherein the first and second dimmers each comprise at least one status

indicator for displaying a status of the electrical load.

26. A load control device for controlling the amount of power delivered
to an electrical load from an AC power source, the load control device comprising:

a first controllably conductive device coupled in series electrical connection
between the AC power source and the electrical load for controlling the amount of power
delivered to the load, the first controllably conductive device having a control input;

a sensing circuit operable to provide a control signal representative of a
first electrical characteristic of the load control device; and

a first controller coupled to the control input of the first controllably

conductive device and operable to receive the control signal from the sensing circuit;



a first dimrer coupled to the AC power source, the
first dinmer conprising a first controllably
w@onndneive device for controlling the anobunt PET/pPS2eT/014235
delivered to the electrical |oad; and a second di nrer
coupled to the electrical |oad, the second di mrer
conprising a second controllably conductive device for
controlling the amount of pow?b_delivered to the
el ectrical |oad; wherein the first and second di mmers
each co I t . t hndi gat r '
i <l g Rereff R lod CLHroPAGAE] HdtBrdefto il Banlsi'o g spqong t0ad
controbdevicd hating a sedoad contnéliably corgluctiee devier) theodecpodveontrollably
delivered ta .el ect.rical .lgad fraom an r
cona{yye B2 cop 38 4F pERIPL ikt ZanndsFigh N e R oprpiabty
condg@ivierdevicepthy firotuduabilscopteble & daerpiifél wihen 8185 eednd controllably
el ectyical. conne &ion bet ween the. AC power source. and .
condyqiiy e ee s EIANERS BENESR SGRIFPORNSTHS SHE a0hp GRRGYSIVE sState in
respoRE\RY the @bht¥6Y ghal Erohlhelseiing tidguif.i r st control | ably
conducti ve device having a control input; a sensing
circuit operable to provide a control signa
r epr esell.at i The tdadaohirobdevideasftolainn26, svirtein ke seebnd of

t | oad, control. device; and a first gontrolle

contrpl}ghly SanA VR dorish 15 fsnasre Bondiietivat ¢ FRL i gach bpIf ggply: and
conduct wheérefifihie FRst2ioetroNer id Bberable tb e€iRicy thel et €dittdliably
signal fromthe sensing circujit;wherein the |oad

condygsierdsyicgeondective aparconddinmebefarcihe fird dime,duringe frs half-
cyclel 0ad control device having a second controllably
conductive device, the second controllably conductive
device coupled in parallel electrical connection with
the fir38. corhe tWadaldhitolrdsviltecdf AEnOEN, ivittereih filee fitst 8bntroller is

ntrol | er operable det er m.ne_when t he secon .
operaigc‘rﬁorrsmieam Bess ﬁaleml?%%év CRAduEEvS %c"d‘l‘"Fa‘??ng cti %ég?w sggond time
for a pRidefePRitatdutbes bﬁhﬂf-@?éﬂe@aﬁ&ﬂﬂé‘ ikt \halfdydlee 1N

response to the control signal fromthe sensing
circuit. 27. The | oad control device of claim 26,
wher ei n29.he Tae (oad coattby ddvicddficl £inn2R)cilieréin Ay fiese corstroller is

rendered conductive a first tinme each half cycle;.
oper a&iﬁi‘%@ <ithe ?‘Fﬁé CPP‘F%‘%H’&%?R‘}“BF%‘? dyvdcerandypi v ‘l‘&y‘?‘@fﬁ digpe each
half-dye®e dftdrihe prRAEIeRhINRA MinbRRELKdIf-Yfc16eVi ce conductive at

a second tine before the first tinme during a first °

hal fcycl e. 28. The | oad control device of claim 27,

wher ei n30.he fThe fdadwontrobddvide ofclaim 27, further comprising:

an actuator operatively coupled to the first controller;
wherein the first controller is operable to render the first controllably
conductive device conductive at the second time in response to an actuation of the

actuator.

31. The load control dévice of claim 26, wherein the second
controllably conductive device is rendered conductive for a first period of time each half
cycle; and

wherein the first controller is operable to render the first controllably
conductive device conductive for a second period of time greater than the first period of

time during a first half-cycle.



operable to render the first controllably conductive
devi ce conductive at the second tine for a
w@e@desmrin ned nunber of hal f-cycles after therP€T/DS1007/014235

hal f-cycle. 29. The | oad control device of claim 28,
wherein the first controller is operable to render the
first controllably conductive device conductive at a
third tinme each half-cycle afger the predeternned
nunber of hal f-cycles. 30. The | oad control device of
claim?2 fu r..C r sl .actuat.or _.operativel .
coupl edz%'o t#e‘g o|ard sct%%gin(? ) oet?c?m.%wietrj’é”f hr? r?lﬁgﬁ § ﬁfséf Sntfoller is

operabdditor rehderthe firsp pentadilably condantes déviee dandattive for the second

. gont.roll abl nducti ve devi.ce .conducgti.ve at.the
periof GRUTF o7 ApYoderaRet it OsRELEE e Flse it fret Fatcycte.
actuator. 31. The | oad control device of claim 26,
wher ei n,4 he cond ¢ .ab C ' Vi ' .
Fonder o3 -condiE A SSRRDT iRl eI BT £4 S cklp R KRS ebrotter i
operdblde fo reyddrahe frstl codeslibly tdhrlutiivedevicandanduttéve fos a third period of

. the firgt | .abl duct i
ame QR B0 Sel e E e LB PRI tef on b o
than the first period of time during a first

hal f-cyg)e. 3 - V4 claal .
wher ei ng‘i'he % |h? ytmcég ﬁ??%?%‘tfer&sd%%e%é;g’f%;?g ﬂ?éeﬁ} g%mtltﬁoe“er '
operdbile ot renderttho fifsh boytraltabliyiodridueti dedéviee comddctitd ate finst time each

t he second iod of time for,. egdet er i ned..n er
hal-gydfe S8 BPeRBLE @ eRimplidrimpepiefo  EFPF ok ASg i i ontrottably
condh@b@d deoitercohddttivie @€ thef firel wne) Whsthavthé e¢dont kenfrollcrthas rendered

- control | iS operable to render. the first
the sqgRe oRTOHARY eRMNGRYS Jevitheandicitduct i ve for a third
period of tinme each half-cycle after the predeterm ned

nunmber hal f - | es . . The. | oa ontrol .dexi ce af .

oo 26 ndPe a0 RRirp i cost AR 14 WHAL SR 46 HtsF Sorftotler i
operdbddaienddrahé firss contbsliably taiduyti vodeliat norecaleictiee in response to

condquctive at first ti eac | f-cycle and is .
the sGaBH AOMETes HtndeanE e socPRT Go SRl Sl e St Sopguctive
beforkige fitst GneCdutingQl fildbhalf-egdlduct i ve devi ce conductive at

the first tine, whether the second controller has

rendered the second controll ably conductive device :

conduct 36.e. The loRdeohtrabidevice ofallainhe’s, sehendin cheafirst 8dntroller is
operathereinthe first gontroller, i : : :

perable’to continue to render the first controllably conductive device non-conductive

each half-cycle after the first half-cycle.

37. The load control device of claim 26, wherein the first controller is
further operable to determine, in response to the control signal from the sensing circuit, the

amount of power being delivered to the electrical load.

38. The load control device of claim 37, further comprising:
a status indicator operatively coupled to the first controller;
wherein the first controller controls the status indicator in response to the

determination of the amount of power being delivered to the electrical load.



operable to render the first controllably conductive
devi ce non-conductive in response to the second
w@eonwrnegl4ier rendering the second control |l ably PCT/US2007/014235
conductive device conductive before the first tine
during a first half-cycle. 36. The | oad control device
of claim35, wherein the first controller is operable
to continue to render the fir b control |l ably
conducti ve device non conductive each hal f-cycle after
the fir ha The ntroI vice
claim?2 § v\,hLeIfrh 8?(¥n tcf?mrP ??%vtlcec%% e§elf1 ﬁ ﬁlgf;mcal load
compafses ahnlghtlﬁg chdthavingran, mtensu)eemndmttu@oh ide: aponint@if power
. signal, framthe sensing circuit, the anpunt of power
dehvﬁrgagﬁﬂbeellr‘éﬁgﬁggﬂaio the electrical |oad. 38. The |oad
control device of cIain137 further conprising: a
status jpdic er | e the
contr ol ﬂH \%’ Eoea%ﬁ ‘?Vrl S fgcg% EI?I erer%lgr%{'e s‘7“‘““1‘ghcucmt
compaisas us'oltmgh mahmmgmrmnm&s@lé to proeiddatcontrohsiphdiemresentative

*ofa yolfg? 95velaned a5 the i BAPERIAPIEEGRUERS e “wher o1

the electrical |oad conprises a I|ght|ng | oad havi ng

an intepsity
dellvergg toTﬂ%EgﬁggﬁPPﬁggf%a%%ﬂ%gRM$ mggmggﬁgﬁgﬁgnﬂls
repredentative off a zdraicrosaihig ofittker ACTpaves seemei ng ci rcuit

conprises a voltage nonitoring circuit operable to
provide a control signal representative of a voltage

devel opéd acbsdoadmenirp} deviesoefi dlaim 40| whereindg sdco
conu\AEXﬁlg%bn?lh&rvem%ck ??l%nﬁ&g{l c8$d&?1% GFa ﬂ[‘st ?lk’l‘?é éycﬁ nglf cycle; and

e control I'S representative
zero-cr wgrmgﬂmfﬁrsmnﬁﬁllpumpe@bwto @endt? theTimst cardrbllably
devi eih t sec

cond§ifie Gvickisohiestis L p b Prddime BERE P i B8 Ahnma rsspoic
cycledih responssto the Weltegecderdialthie fixse bentradblyduaidactivd devide. r st

controller is operable to render the first

control |l ably conductive device conductive at a second

time befdre f{Theldadr®ntrd] deyickuef algme26,iwkstreihdhd sopsing dineuit

response to the.volt cros the fi LS .controlla
comprises a ¢ lITSIét sghse Célé:lnt A)%%ra{:ﬁ toI dldg asen ?lt Sd al & rsaenpat%e ofa
load elhrad:ﬁncaﬁdummmed»ughtthe sond lcagtnﬁ:llab(tyucdndnonWJ s es a

current sense circuit operable to provide a contro

signal representative of a
44. The load control device of claim 43, wherein the control signal is

representative of a rising edge of the load current.

45. The load control device of claim 43, wherein the second
controllably conductive device is rendered conductive at a first time each half cycle; and

wherein the first controller is operable to render the first controllably
conductive device conductive at a second time before the first time during a first half-

cycle in response to the load current.

46. The load control device of claim 26, wherein the controllably

conductive device comprises a bidirectional semiconductor switch.



| oad current conducted through the second controllably

conductive. 44. The | oad control device of claim43,
wob@res91s he control signal is representative PET/EHS2007/014235

ri sing edge of the load current. 45. The |oad contro

device of claim 43, wherein the second controllably

conductive device is rendered conductive at a first

time each half cycle; and whenrgi.n the first controller

is operable to render the first controllably

conduct yye Ik SECAAIUFILE: S clApPEE WkrbihThe BRLAEGonal
the first tinme during a tirst haltcycle 1nh response to
semitdreluctpadwidh cemprise$aa trighe | oad control device of claim

26, wherein the controll ably conductive device

conprises a bidirectional sem conductor switch. 47. The
| oad cofi®r ol Theleadecoptrotdeyien ofgslaiphts.eyhereinghe bidirectional

s R b LSO AR s L ion
bi di recti onal sem conductor switch conprises two

field-efpect ol 13 ebsttAdevict B EdnndAidtthe GRIBIBESS S¥ver delivered
49. -A load control device for controlling the anount

to ancleqiisad loadefror andtC powansaiires; the load comer] devismeamprising:
power s ? ggxﬁtsollaﬁ)%cér%gtwgmg co%g}/e'dciﬁ égﬁgg)élééﬁgﬁ:coﬂnection

contr ol corducti ve dev[ce coupl e in series
betwetrethe rAG abwensmeeg arshthb elegtrinal load faCoptretimgstbe ameunhef power

. l.ect rical . f I i . .
s S RELA 53R r SR ) LRG0 sfhorogorime
eachthaH-oytleaifithe AIC pavest sborceathicostrolfably cohduictive devieabiving a

hal f -cycl e of the AC power source, the controllably
conuggHWHgtive devi ce having a control input; a voltage

noni t or h Rgltede Monitordpitodit doapledimphralleMivith thd@ntrollably
control lably conductive device d operable to pr.ovide
cond 30t et R50 SRETDI S RSLHE AePU OB ST R e o g e
deveRfped érobdthe €ONREroMAVIRBbYducERE Ustitsiandevi ce; and a
controller coupled to the contro

' t of th .
cont r ol &oRtelles savRled (R thgeoptrel ‘&Hﬁtl ‘&BE? 8‘%}t‘é’llagl3f eRndugiive

devide 1dCpRLAbA toSTk8E13¢ tHe! BRtrbN YA lFoRd theFIMak® hostoring circuit, the
circuit, the controller operable to determ ne whetfher

controHer apsratigto determaige whethes ther iltage pyrosoing gentrokably gorductive
devi%esis ) sﬁﬁ@ﬁtﬁ?ﬂ 'tlﬁ\l’éll iltlflgéf{vat\é%lrp?%gﬁ'g%iy ﬁ%ﬁ)‘é@ﬁﬁlﬂ% &t the 618 period of

eginning o
time.

50. A first dimmer switch adapted to be coupled to a circuit including a
power source, an electrical load, and a second dimmer switch, the first dimmer switch
comprising:

a controllably conductive device operable to control the amount of power
delivered from the power source to the electrical load; ’

a sensing circuit for generating a control signal representative of an
electrical characteristic of the first dimmer switch; and

a controller operatively coupled to the controllably conductive device for

- controlling the amount of power delivered to the load, the controller operable to change

the controllably conductive device between an active mode, in which the controllably



time. 50. Afirst dimrer switch adapted to be coupl ed
to a circuit including a power source, an electrica
wo oad/14|ntl a second di mmer switch, the first dpEmES2007/014235
switch conprising: a controllably conductive device
operable to control the anount of power delivered from
the power source to the electrical |oad; a sensing
circuit for generating a contggl signal representative
of an electrical characteristic of the first di nmrer
condﬁ(m\}ecc{é’vr gc&'l(ﬁl%gh% fﬂe 164d 8B%n?t \ﬁeel asSive ?+(Te<g }n wﬁ%ﬁ the
con con Ive deV|ce ontro
contraﬂahlytcomduqﬁnmﬂevﬁe is noat medducmnghhae loadaturr’eﬂue 1mnp0nsb tethe
to chan%e the control | abl'y conductive device

|
contB LB 0 T TOL RRe, | 1 whi ch t he

controllablyconductlve device is conducting the | oad

curr ent gy and g, RAZIEY SwitBOS é% h 3 Y \Q{Eﬁ&ﬂ‘%hec O dight c‘?lt*&lréétensnc

conductlve device I's not con Ioa curren
compirises & dpomsevaelagelaeross titerapintrellghiz Icomluqtllve dseicei ng

circuit. 51. The dinmmer switch of claim50, wherein

the electrical characteristic conprises a di nmer

vol t ageSacr odsmethed obpentrsilling the amenimnt of poweridalivered tg an

AfanS t red

elect&ﬁ‘?&mq?ect r |‘§:)gltp[)fZJ EW?%%?%%Q%%H soft rieﬂl ur ce, b % ﬁfee

met hod cmpbing i first ctoheromtdpsomductwo qupwcn getavefeh ittt AC power

source? Btl? él@%n%é lclgn(?uctive devi ce between the AC power
source an fie®8lect ri cal | oad; coupling a second

cont r ol talpllipg a(saehmitdomeoliduiy condettive devich betdveep thee AC power
ecirical

sourc i e SR lat B i et BRERAF eqrhoBRDTifsps gt

contrﬁnitﬂy@bhdﬁﬁ:tlde\dbﬁlee amdd controlling the first
control | abl condL%“t ive devi.ce to be conduct | ve for

a firstoqnuedlings fiss coneglably genqueivadesatt be apddetive for ata

first e eI&ﬂmﬂE&?&Qonhe%@b%@?soﬁré&f ther conprising the
step of: monitoring an el ectrical characteristic. 54.

The method of claim53, further conprising the step
of : 53. The method of claim 52, further comprising the step of:

monitoring an electrical characteristic.

54.  The method of claim 53, further comprising the step of:
determining the first time in response to the step of monitoring the

electrical characteristic.

5S. The method of claim 54, further comprising the step of:
rendering the second controllably conductive device conductive at a second

time before the first time during a first half-cycle.

56. The method of claim 53, wherein the electrical characteristic

comprises a second voltage across the second controllably conductive device.

57. The method of claim 56, further comprising the steps of:

monitoring a first voltage across the first controllably conductive device



determning the first time in response to the step of
monitoring the electrical characteristic. 55. The
woredonoe4ed cl ai m 54, further conprising the stBEI/U§2007/014235
rendering the second controllably conductive device
conductive at a second tine before the first tine
during a first half-cycle. 56. The nethod of clai m53,
wherein the electrical charac §r|5t|c conprises a
second vol tage across the second controllably
dunngqﬂe*héj;q%cyﬁglgse 57. The nmethod of claim56, further
ps of: nonitoring a first voltage
across dléta-:ﬁlnrrtgtwaMrnhé betbhy comtnallably vendietive deltice 139
rm ni ng whet her the second

‘”“d%gﬁF:. ﬁFéhE%ﬁ%ﬁé??vemH€V|ce i s conductive during

the fi lrll%hglé}@ﬂlé ﬁ&éﬂ}btﬁzon&ﬁgab’l? Bﬂﬂdcﬁge dbeicé hbﬁ-fcorcllductlve during
: controlla y condu ve deyli.ce non- ctive urin
the fifg; Salfroygle ‘H5F$P°B§Fc‘i°éh? Aep ok pefEBning ﬁtet%ﬁswn&fcomﬁably

anwgag@Qﬂyﬁkqgc&nﬁknL@e second control |l ably conductive
device is. conductive. 58. The nethod of claim57,

further conprising the step of: controlling the second
control $gbl yTﬁemBucdd o&ldewsp@mmrhenmiadmhempw t he

second tinme for pre eter f hal f-
after tHRAILE e gbeo %@ %fg%m Heicsfo be g?frﬂ%ﬂwe at

the set®nd finid 28h p@ma@émﬁhmldrﬂ&r%tfﬂm&cleg BREY the Tstafalf R,
froma user interface prior to the step of rendering

the second control lably conductive device conductive
at the S®conW¥hé ntethodosr. claifes ) diitting cofmpeisiigthe Step of:
wherein the.electric characteristi.c conprises. a | oad
Ut entFCAVBIRAT ERE FP SO EF 20y & B ey ThsgndcHhE the
secorfiedbnE@11ably. cohiectiRideoite @bndlctiveabthe skedridahe.conpri si ng
the step of: determning if the first voltage is a

substantially | ow voltage at approximately the first
tinme. 6&0 Thé‘haatdtlm]ﬂ affclaitre$ Sywhetein the ¢lbaricalabpracedrisge

ol Ao s e

61. The method of claim 54, further comprising the step of:
determining if the first voltage is a substantially low voltage at

approximately the first time.

62. The method of claim 61, further comprising the steps of:

determining if the first voltage is a substantially low voltage immediately
before the first time; and

determining whether to render the first controllably conductive device
conductive in response to the step of determining if the first voltage is a substantially low

voltage.

63. The method of claim 54, further comprising the step of:
controlling a status indicator in response to the step of determining the first

time.



before the first time; and determ ning whether to
render the first controllably conductive device
weondaeiive in response to the step of determ PCHYS10h7/014235

the first voltage is a substantially |ow voltage. 63.

The nethod of claimb54, further conprising the step

of: controlling a status indicator in response to the

step of determning the first gginme.64. A nethod of

controlling the amount of power delivered to an

electrigal |qga . 0

conpri sty t RoretlBeEBn RGN orROMc? pobidf iR RElg an
electrdcaldoat from aeACoowee sowgee, thémeft®dpmnerising the atepr of:t he

el ectrical .load. coupling a secand controll abl

conduct FORPHRER st Eatiplaly bondidVs driPebsn et dip AG paver
sourcd] #dtthé eRktricabldagnd in parallel electrical connection

with the first contyollably condquctive deyice; apd

cont r ol FRYRIINERESSFOR ?0"6'612‘?%(% qoRBRSHVESITHIEL c{Eécadhs AC power
sourdeCanid&hé eRgiHehi 168d bRd irPpdrhndteldRerid P doiectibwi@ARe first

hal f-cycl e of the AC power source. 65. The nethod of
contrellalplmcensiuqtmem@wewhgri sing the step of: nonitoring a

second y¥olitdIfiRg Afe'MSScIn®1asIGRBHA Ve delic8 R Ye conductive for a

conductive device. 66. The nmeéthod of claim 65, further
first pesigst oidtitng eeghchali-exrleof theg v pawver sArethet her the first

control l ably conductive device is rendered conductive

each half-cycle for the first period of tinme in

respons&t o tihe mgthed %"f“lﬁ‘ﬁhpf’éﬁ}"hﬁ‘ GomPrisIEHa strd Afage.

67. ThengiBAfg @ke&dndi vbitaBe adrdés the secon@Roh&bM4b1Y Bénductive

_step of: rendering the second controllably conductive
deviggevi ce conductive for a second period of tine greater

than the first period of tinme. 68. The nethod of claim

67, f i Si h f: I [
1 b st vPr ngdhagiased Sram A ribabeh coamIRNE e SRS | ve

devi ce; determining whether the first controllably conductive device is rendered

conductive each half-cycle for the first period of time in response to the step of monitoring

the second voltage.

67. The method of claim 66, further comprising the step of:
rendering the second controllably conductive device conductive for a

second period of time greater than the first period of time.

68. The method of claim 67, further comprising the step§ of:
monitoring a first voltage across the first controllably conductive device;
determining whether the second controllably conductive device is
conductive; and .
rendering the first controllably conductive device non-conductive in
response to the step of determining that the second controllably conductive device is

conductive.

69. A method of controlling the amount of power delivered to an

electrical load from an AC power source, the method comprising the steps of:



det erm ni ng whet her the second controllably conductive

device is conductive; and rendering the first
w@onrngl4habl y conducti ve devi ce non-conduct i vePCTUS2007/014235

response to the step of determining that the second

control | ably conductive device is conductive. 69. A

nmet hod of controlling the anount of power delivered to

an electrical |load froman ACspower source, the method

conpr|5|ng the steps of: coupllng a plurality of

control | [ n e

source a‘% e prelﬁ%?% rlgﬁ%cﬁ?\éh%@? ? ﬁa'y\@% del f éget?"%\éﬁ the AC
powercsntu'oe lahd ltheyelearidaldbad; ehedpuradiey of:cmmoéldblqunanaweaievwes

ctri connection;.and selectively controlling one

coupgerd P par "E\aLF'S?‘Pf’gl oPnEioey (fabl y condﬁct i ve devi cgs to

b e condpelédtivelyf eontdlIpgy orecbfake pluraite a€ boﬂt&ilfabtwodrﬁluoﬁve

urce.. 70... A nu

deovicgy dp BirpPOcEh (g Ao SN PRI Fartabe A Biwer Sburce,

electrical load froman AC power source, the system

SPITSH09 B RGO S TR B e

deliviefudeaeﬁeﬁaehiqal D:fad\/ﬂ'drﬂ ah #C pbharsodrdmﬂfessytmnfmﬁpmmg he
armount of elivered to the e & al | oad; L di
wher ei n2P ‘E‘“&Eﬁfﬁﬁﬁ Eh?aéa% £1FC CoRfEHon, gach dimmer

operéEhig lﬁ&é‘ﬁeﬂﬁbrﬁfy & witinthebthiiB@idis {0 @ntioN TR #inount of power
nmunj cat e mnth each other by adjusting a firing

del“’&\‘?g‘lt@th‘?‘?e"t‘?ﬁ%l 183t em of claim 70, wherein the di nmers

comMmuNi GAkRiA theldigher B hRAunRhtelWith 8dBhther0f pover
delivered to the electrical |oad.

—

71. The system of claim 70, wherein the dimmers communicate with

each other by adjusting a firing angle.

72. The system of claim 70, wherein the dimmers communicate to take

control of the amount of power delivered to the electrical load.



