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| DIMMER SWITCH FOR USE WITH LIGHTING CIRCUITS HAVING
THREE-WAY SWITCHES 5 BACKGROUND OF THE INVENTION
Related Applications 10 [0001] This application claims priority from
commonly-assigned U.S. Provisional Application Serial No. 60/687,690,
filed June 6, 2005, entitled INTELLIGENT THREE-WAY AND
FOUR-WAY DIMMERS, the entire disclosure of which is hereby
incorporated by reference. 15 Field of the Invention [0002] The present
invention relates to dimmer switches for electrical wiring systems having
three-way switches. In particular, the present invention relates to a
dimmer switch that can be substituted for a four-way switch, a line-side
three-way switch, or a load-side three- w% 20 switch in lightin cwcmts

having eitherwpﬁlgwryggﬁ@% tisitr SALAGETIS e
four-way system. DescriptidingF (FéRRE atedyArV2B00E3] Three Way and
four-way switch systems for use in controlling loads in buildings, such as
lighting loads, are known in the art. Typically, the switches used in these
systems are wired to the building's alternating-current (AC) wiring system,
BAEGRbjedtte PO TAT: SHWIgETMage, and carry full load current, as
RORPOSSdiIalQwsVoltage switch systems that operate at low voltage and
low current, and communicate digital commands (usually low-voltage logic
30 levels) to a remote controller that controls the level of AC power

[0fdiivered td HeaRmAdaH RSB 166 IhE CormrrarRIdy TRt s (S B riarism!
AgiedenmnSethnaesways switeh Hilsthiaaveayosysiemlsd TORLAYCRNTT T RRE- WAY

mwaw%mm SHUH. SRS, AN SYSIEMS méb%rm%%wo
refergnég source voltage and carry the full load current. 3

Field of the Invention

[oo02] The present invention relates to dimmer switches for electrical wiring systems
having three-way switches. In particular, the present invention relates to a dimmer switch that
can be substituted for a four-way switch, a line-side three-way switch, or a load-side three-way
switch 1n lighting circuits having either two or more points of control, such as, for example, a

four-way system.
Description of the Related Axt

{00031 Three-way and four-way switch systems for use 1n controlling loads in buildings,
such as lighting loads, are known in the art. Typically, the switches used in these systems are
wired to the building’s alternating-current (AC) wiring system, are subjected to AC source
voltage, and carry full load current, as epposed to low-voltage switch systems that operate at
low voltage and low current, and communicate digital commands (usually low-voltage logic
levels) to a remote controller that controls the level of AC power delivered to the load in
response to the commands. Thus, as used herein, the terms "three-way switch”, "three-way
system”, "four-way switch", and "four-way system” mean such switches and systems that are

subjected to the AC source voltage and carry the full load current.
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[0004] A three-way switch derives its name from the fact that it has three

terminals and is more commonly known as a single-pole double-throw

(SPDT) switch, but will be referred to herein as a "three-way switch". Note

that in some countries a three-way switch as described above is known

as a "two-way switch". 5 [00051 A four-way switch is a double-pole

double-throw (DPDT) switch that is wired internally for polarity-reversal

applications. A four-way switch is commonly called an intermediate

switch, but will be referred to herein as a "four-way switch”. 10 [0006] In a
[ogggical, prioy anethraeswayhsiich: sysian, twa threeway switches.conthahis and is

mdde %M%IJR%@%@[@?QH&%EQQ&&Bﬂél){hg)&@ @I?&?TF%ME%%@%WUX 1%%@%9'1:0 herein as

[he load, irrespective of 1ghe status of the ?ther_ SWItChE In SLCJlCh ~z;\bs%stem,_ .
* bhethree WAy switch ust B8 Wbl At i R S60rea sige 8ihe $)atem® o
as Gsdfetifieyéatied "line side”), and the other three-way switch must be

wired at the load side of the system. 15 [00071 Fig. IA shows a standard

[odhspe-way switeh.systeml 00, whieh includes o Jhsee-way: SWIChEs wiveq
102 194. The. tswnches1 %O%{ca 04 are connected bﬁtween an AC v§

8 AR 4 I 105 168 TR e Wy SEREE 169 08 ermedie
sWAERH T At bR HevEbie DB rth ) ESITtEdtE - which are electrically

connected to the AC voltage source 106 and the lighting 20 load 108,
losesipectively, Thg thregway:switches 10211 Q4:alsarAcR.InGlde, o fixee) »

s fonAsiS.When the movable copiacts, are maldnd SoNIAGLUIA e UpRE. 1,
fixed contacts, the three-way switches 169,104 are In position’A in"Fig. _
SRS SRBAMRAE THETad SO b Hre PR ARTHE EONEEEC MRS RS iR C source
sikeoithesyitrentivaectiass slitdlibse 5i09). 104 dredhgobition B.sWhbmike be wired at

ththse@swayrswiteRes.102, 104 are both in position A (or both in position B),
the circuit of system 100 is complete and the lighting 25 load 108 is
en?rgized. When switch 102 is in position A and switch 104 is in position

to Tor vice U&rsh) B8 ChEditIg Ao es b ST ShE BRigitiNG - gt

thyfeteriergizee. [0008} Threexwdydififmér switehesctibbaeptacethfeelivay
soswitolesarelidnawsn dadtines anthe Ak @xadn plei eha threeswaydimmer switohe” (or

oYM 120 inaluding ong.priar artthreg-way. dimmer. 30 SWiteh; 122 @0dohting

hree-way switch 104 is shown in_Fig. 113, The_ three-way dimmer
ioag&\?\}.ﬁéhrisgicma\%ly. e three-way switches 102(‘2J 104 also each include tvx¥o fixed contacts. When

the movable contacts are making contact with the upper fixed contacts, the three-way switches 102,
104 are in position A in Fig. 1A, When the movable contacts are making contact with the lower fixed
contact, the three-way switches 102, 104 are in position B. When the three-way switches 102, 104
are both in positicn A {or both in posgition 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 ig not energized.

f0008] Three-way dimmer switches that replace three-way switches are known in the art.
An example of a three-way dimmer switch system 150, including ene 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 1524 and a three-way switch 1528. A typical, AC phase-control dimmer
circuit 1524 regulates the amount of energy supplied to the lighting load 108 by cenducting for some
portion of each half-cycle of the AC waveform, and not conducting for the remainder of the half-cycle.

Because the dimmer circuit 152A is in series with the lighting
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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 remainder of

the half-cycle. Because the dimmer circuit 152A is in series with the

lighting 35 3 load 108, the longer the dignmer 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,
lostheogreatenghettighinntensitylevel oftthetampe naastypidaledisiming to the lighting
1oa@rzeéatmratu§§ghm@a@dqj@§é A controkia setihedightintensitidavelohih@nting

1oa§"1:89 E%ﬁagrde?'“%ﬁ’ ljght intensity Ieve) t};[:qe 2,Portion Ofa ach half-eycle 101, cer
g]lmmer conducts Is base on t e se ecte t |nten§|t evef

mayrdi RSy RO ME 5 difR B 1&&@@@&?@%@%@%&@&% Hih e thrgslwagyel The
rodimvierswitthcld2fandhid dniyliablertotdggleithesigbtinbelsde frohelhetensity level.
ThthieeWaySWieh 4040 SiRCe WG SHENMAr OEGHIES Aol Pe \WiIFed i witch 152 and
% C?h%§ gﬁbttb)%o g%g\%gn WE?J fs Wltﬁlh ﬁyrsetee\rnpa% gvgl’é: gr](%nlg Indyw Prxglnelm circuits

three-way _dimmer switc 2, which can be’located on either the ine

“a‘%‘?afebf‘)?”fﬁeé‘ fag" ?ﬁjéth‘“’Eﬁ%e &%’témmfé OB A UL &P SRAtCR Sy Stans faree ey
direrpairetcvhen thetecare niorectharefiver shdtehelodations frohmvhvichdeystem.
control the load. For example, a four-way system requires two three-way

[ogdfitches ang, gne. four-way, SWireh, wiked: el known Jashion, §0,88:1% 10cations

render each switch fuIIy operable to independently control the load

o SSFANERSP R dPatls 6F BT BIh & \Xn%ﬂ’esé’ AT CYETR O iR tfe™ s switehos and
onfGRRFLTAY SYisteryaTeifotilwagraviitdiris Teatiradndrbes wirsd tetwe epethble to
indwperihret-way ewitches ineprderdor all switchestooperatadndependently; In the

fodBra PREARRCRIVAY SWHCHHIHRL B WIEEA BL INE Ao SOLI 66 SIASIOLING.y switches in
Orgéﬁtggh St@g(ﬁther three- W swanch must be lered at the | ad SIOLt oft

tooperate mdependentl ee W switen m o wn"e t the AC
system, an four- way &: ﬁstebe e ec rlca S|tua dlﬁ etween téh

SOWiGE %H?éé%@%@ﬂd#é@% [BEFEOT Fig™ ek Sheee & Bittbitaftefar firdg oL the system,
angwhitchingrsy stent:180:: Phelsystein 480 inCludes:ivwe threb:wayaswitches.
102, 104 and a four-way switch 185. The four-way switch 185 has two

offAes: In the st state, node. Al s connected 1, N0de, AZ AN 10de B145 caes

connected to node B2 our-way Swi s toggle
g ifiter EhaiTgEsto tHe 'Yécond §’c‘é”té“?ﬁ Whieh the p@tﬁ?ur s it 155 has o

states. In the first state, node Al is connected to node A2 and node B1 is connected to nede B2.
When the four-way switch 185 is foggled, the switch changes to the second state in which the paths
are now crossed G.e.. node A1 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.

fo011] 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.

0012 Multiple location dimming systems emploving a smart dimmer switch and a
specially designed remote (or “accessory”) switch that permit the dimming level to be adjusted
from multiple locations have been developed. A smart dimmer is one that includes a

microcontroller or other processing means for providing an advanced set of control features and
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are now crossed (i.e., node Al is connected to node B2 and node Bl is

connected to node A2). Note 25 that a four-way switch can function as a

three-way switch if one terminal is simply not connected. [0011] 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 swiches 102, 104 to enable multiple

location control of the lighting load 108. 30 [0012] Multiple location

dimming systems employing a smart dimmer switch and a specially
feedRsignedhremaie (0f taccasserihawiteh thatrper mit-the: dimeing leveldtonay
mcpﬁl@giﬂggzgedf%@ r@cﬁ%ﬁ'ﬂ%@iﬁ%%@@@%ﬁ% Qﬁerﬂmgﬁvt%mqqﬂ ﬁéﬂlﬁg To power the

dlmmerﬂs one thglt include microcontroller or o er proc
Microcontro r SMA mersz cu e Werts (ﬁ 188, whoilch 8w3955 na nto curren‘r
r ee

providaing an a vance con eatures an

thfab%?bﬂse %tsftﬁégé?ﬂﬂi ﬁ%‘é%?%?@@a‘fﬁﬁféﬁhﬁ@%&\?é%‘éﬂ feattirésner aogéhva“rltng The
podiimmetimaycanciudethiproteCted ortlotked fighting presetyr fadingg@indand develop a
dndoublestapio flullintensite T o PRIt e o IRICTAGQAKRNRN »SMAILIMINELS, lighting
codniclude eﬁlowefué ﬁ’%!'%ﬁwmc*% %EaW ar%'&l%‘ﬂn%@s%{‘ho“ 8“”@%5@%&’&9?&5‘0 e

lr ?1 |ng eac ha cycle when't e SemICOI‘]dUCtOI’ switc

S Bt 2 HE S B R SUPP TG R ATSstrtalf Al reommonls
asgenre bt tofohangecaistttage capaciobancrdeyetopids dinedee iifERT(MTCYONTROL

pDIioltage Hepewetthe missacentrolies-Anexamplg:efa multiple location
Iighting control system, including a wall-mountable smart dimmer switch
wall-mountable remote switches for erln%at all locations of a

g} ltiple 1oC4EOHHATHIMG L/steHt s o<t bed Tnthmth SRy “HEeng fags throueh the
dirynGr PratenitsRio 0512481899 sisdiyadeon"Septerhbér281c 1098t brititbed the supply 106
anb MeHEIN G GQN TR LQDE VIIGE, itibichads Rerein nBeroraied By mer switch 152

is ﬁgigﬁ?e”t%‘? cﬁulgé £ 5%@£¥uL%%1§;dR§I§£BMt§tQEW tﬁlmeﬂ%’ §E@e%§»@1\9f1 F!ﬁ is not able

ince no loa Cu”}f tfows through |mmer circuit 152A of the

to roéieev%}zlfya TR S B Wik Smﬁ%tedéil?‘@'iﬁ SerhE8h 1A supply 106

and the lighting load 108 is broken by either three-way switch 152B or
[o@ay, the dimgmecsiswiich db1b isuiotlablexteinciudeapowes seppyoanduding one

wéﬁllﬁmﬁ%i&l@r{ﬁ%e}%;@d@iﬂﬁ Lt 18245, 0kR018: o Ml@@o&h%e dimmer
sw1dR/§@zC§zgs Ot( aturesr asmart |mm r to the nd useré%pOMl
S

or recel a oure ta TV, Dwe1
ows an examp e m Iroca | n ﬁtlng Conter()? ﬁetg 8 |H€|Ué‘ a
suppje 206, and a Dimmed Hot DH) terminal fo:r providing a dimmed-hot (or phase-controlled)

voitage to a lighting load 208. The remote switch 2904 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.

f0015] The dimmer switch 202 and the remote switch 204 both have actuators to allow

for ralsing, 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 Hghting load 208 on/off) accordingly. In particular, actuation of an actuator at the
remote switch 204 causes an AC control signal, or partially rectified AC control signal, to be
communicated from that remote switch 204 tc the dimmer switch 202 over the wiring between  the
Accessory Dimmer (AD) terminal of the remote switch 204 and the AD terminal of the  dimmer

gwitch 202, The dimmer switch 202 is responsive te receipt of the control signal to alter
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wall-mountable smart dimmer switch 202 and one wall-mountable remote
switch 204. The dimmer 20 switch 202 has a Hot (H) terminal. for receipt
of an AC source voltage provided by an AC power supply 206, and a
Dimmed Hot (DH) terminal for providing a dimmed-hot (or
phase-controlled) voltage to a lighting load 208. The remote switch 204 is
connected in series with the DH termingl of the dimmer switch 202 and
the lighting load 208, and passes the dimmed-hot voltage through to the
lighting load 208. 25 [00151 The dimmer switch 202 and the remote
thesiviiehn204-hoethhaveracuiators do @t om uforaisia g lowerng.anditagglinghe
o Qn/aff the dight 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

[0y &kticular, Abtwation efans acliaioractne' 3 PRSidsHtc obudiandisstis control
sy @ contsahsignal oy pantiallywectifietnAkscontpl Mignal; tolbee a faceplate 310, a

be£9H18) #@iﬁ@;@&;@m&t@; Jh&%%fr‘ ﬁwme%%n@athssﬁiémmr @%H&P&Q&m of a
vert | en.the. CCESS a O

hgg ote%s%v%l %ﬁ"ﬁ% 8 %ﬂrﬁﬁvllng OI;%fhe dlmmer g‘\)@lﬁ: a%i Orrﬁm The

facaa%%f;ﬁé}%w&éﬁozézirglwééﬁa ABH 16 Fe Bt Rt CER Y SignaPta dedpdste be

mdivecdimming teviehortoyble thertoalt 208 onfbffinFhilistithelsatticandhe dullyices.

LiicQniroliad.fron e, Jermate.switch 204 [0Q16] Thadsenintestaer 8fend may be of
dlmrégﬁr awnc QZ of the multiple Ioctatlobn Ilthlng control 5 system 200 is

S g it
“"Shown In Flg é AS sIIE;O\Sivnr? e (i"mmer SWI'[C 202 may include a

faceplate 310, a bezel 312, an intensity selection actuator 314 for
[0&&lecting a‘desineditevé iof tight inteinsitl 6f af lighting toatl 208reontroliedses the
lighyithe dimmer switeh: 204,288 0-aicontrekswiteh aetuatar 3ol B@4B of the actuator
s1iaRERIA % 8”1319&%‘?@ &@@&Q%@mg&%}d %@”&&&%&gﬁ for coﬁ% '&BEEJ?&%PJ&A Ao

atg{Je adapted to be mounted to a conventional wall-box commonly used

SRA'E ephﬁiéﬁéttl}b‘?‘? ‘6F iy doRiTraLTitES™D ﬁ_ﬂfé%i%%“t]h%wbé%ﬁh@‘i@ the

acptbtieSaetndtor $08digse336 eiras poblintetheo girytapedific Fornsy andimedto the

coRespfn@ny suitable.design that pernits many akactdation-fy asetude0d 7] 4, 316

mﬁ%@ﬁk{!&ﬁ Q@;&ftdtﬂfu %9@&&8?( Uf}l&ﬁé‘ffﬁ A g &Q&M%%W&%Qf %%t%%doafy an
raises the Inten ell I oa e an cualon

exhgr\}ag?l nggzg OLF’% i ltﬂe%t }/Pe{?;(: Uafio p 9quency%gl'85 ]_mQ power 1ne carrler?IEL%?lmk or

otherwise to the control circuitry.

[0018] 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 dicdes {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 Hghting load 208 being controlled. The intensity levels of the lighting load 208 may
range from a minimum intensity level, which is preferably the lowest visible intensity, but which
may be “full off”, or zero, to a maximum intensity level, which is typically “full on”, or substantially
100%. Light intensity level is typically expressed as a percent of full intensity. Thus, when the
lighting load 208 is on, light intensity level may range from 1% to substantially 100%.

[0019] A simplified block diagram of the dimmer switch 202 and the remote switch 204 of
the multiple location lighting control system 200 is shown in Fig. 4. The dimmer switch 202 employs
a semiconductor switch 420 coupled between the hot terminal H and the dimmed hot

terminal DH, to control the current through, and thua the Iight intensity of, the lighting load 208.
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15 314 decreases or lowers the light intensity. The actuator 314 may
control a rocker switch, two separate push switches, or the like. The
actuator 316 may control a push switch, though the actuator 316 may be
a touch-sensitive membrane. The actuators 31.4, 316 may be linked to the
corresponding switches in any convenient manner. The switches
controlled by actuators 314, 316 may bg directly wired into the control
circuitry to be described below, or may be linked by an 20 extended wired
link, infrared (IR) link, radio frequency (RF) link, power line carrier (PLC)
THiHe rofoOiiesnisado thenconis ohgireuitngd [R01 8] st he [dinime e switeh 0Zors (FETs) in

anay-Alsa.inglide andotensity levelindicatrin.the farm gf & (Rlurality, ofx i
COIl}!ght sources 33.8, such.agzlig%gmlttmt% %ﬂgdetse &,LEDS). nght sources 318

ectad t ate drive gireuit mput A 1 render the se ctor switch 420
may be 5 arranged in an array (SUch as & IMéar aray ds showny "« o =

copdpraseritaive bl e iahgesh iigtihterisity Heveigorme!iightnes IbedippBad 208.
THeaing dontrolied . 4Therinténsity develsunf thenlightingrnoath? 08 tmajzorang&onse to
cofbqmma Mminimym, intensitylevel, which is preferably the lowest visible

intensity, but which may be "full off', or zero, to a maximum intensity level,

which is typically "full on”, or substantially 100%. Light intensity level is
[0g2plically exphe SEEt s E e ar Thlrs NEaHERY. TR [iHetstib By, g 2
rHigtitingf loaldk 208 isrdrrdhigiit intensity levet maynrangechrdn?. 1%douicrocontroller 426
reSiRStARtRI I L0D%-JORLAT Aisitoplified Hlack:diagram of-the dMINe supply 428

switch 202 and the remaqte switch 204 of the muyltiplg location lighting .
gea%fﬁtﬁél%ﬁta‘%np‘éo‘b()fﬁé%eho%ﬁ e P el R

el AR daCITrEMtchas dhe Sipmed Betiresi & Hot terminal H and the

dimmed hot 35 terminal DH, to control the current through, and thus the
lotight intensityofeiher-dighfingdoad 20816 The-semiconductiorswitehidgd Ac
wJU&XrQ%ﬂEE@@JE%‘E?Qe?&%ﬁQ 360 rAt\Q/(Q'JIcgJQs s%gfg gé@&r@e%%t& tr1§e (t|1:n|1E a;r :—ﬁ V\Ir_ﬂich the AC

anti-series connection. The semiconductor switch 420 has a control input
RSP At E S HIRA e T BRRSCEEY td e BRI E e O 72U P FRE U tffep o 2ty ¢
thg ateivwiineeharek thidfsehicOhduetor switeid e atonduetivelot as an input to
miieneeanlictiee ,m@mhm@mamenm&eepm%ﬂmm&mi@ﬂmﬁ ghtiag the
5e1026L,2080,2. 108 9348 ArVE LitcHilA24 Rrovides,conttalinpyss 10408 ehting 1oad 208

ats%’ﬁggrrggggﬁ%r - Switch 420 "“JF response to _command gignals from a
T OCORtTONEF A& TS0 TRE I BEBRPSITEF 226°gEnSrat% Bommand

signals to a visual display, e.g., a plurality of LEDs 418, for feedback to
lotiael user of theedithmsroswitch 202 rThediicroaontiolerd@6ver supplied to the lighting

load 208: forward phase contro! dimming and reverse phase control dimming, In forward phase
control dimming, the semiconductor switch 420 is turned on at some point within each AC line
voltage haif-cycle and remains on until the next voltage zero-crossing. Forward phase control
dimming is often used to control energy to a resistive or inductive load, which may include, for
example, a magnetic low-voltage transformer or an incandescent lamp. In reverse phase contrel
dimming, the semiconductor awitch 420 is turned on at the zero-crossing of the AC line voltage and
turned off at some point within each half-cycle of the AC line voltage. Reverse phase control is often
used to control energy to a capacitive load, which may include, for example, an electronic low-voltage
transformer. Since the semiconductor switch 428 must be conductive at the beginning of the half
cycle, and be able to be turned off with in the half-cycle, reverse phase control dimming requires that
the dimmer have two FETs in anti-serial connection,

or the like.
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10 receives inputs from a zero-crossing detector 430 and a signal detector

432. A power supply 428 generates a DC output voltage Vcc to power the

microcontroller 426. The power supply is coupled between the hot

terminal H and the dimmed hot terminal DH. [00211 The zero-crossing

detector 430 determines the zero-crossings of the input AC 15 waveform

from the AC power supply 206. A zero-erossing is defined as the time at

which. the AC supply voltage transitions from positive to negative polarity,

or from negative to positive polarity, at the beginning of each half-cycle.
[o0BRE zero-ciossipg-dnfarmation is.previded as an inpuiie smicketentealierals from

mo%ﬁt&?%&@gqoﬁtrgt@f‘ 4:&?@1{350?"&!?1% &attt?aqg [9&@%%%!;%@81%%%& switch

S |condu 420 to volta om the AC
acmamr ﬂg o TH ﬁ S&(tv ﬁrﬁﬁj e mdsetermlneé %?Rr’ﬁté}slerg()e at 1|:\r/0enet\8 by the

upﬂﬁépfé?enc?b@%m& Htﬁ%ﬂ%ﬂ%@%@l e%wwm?f@ozfﬂe@éﬁwanﬁéiﬁﬁr@n actuator 814.
techniques are used for controlling the power supplied to the lighting load

(06228 forwarglphasg canttal dimming.and seversemRhasaceniel dinmwing pi
ternq Igfwﬁlig Blhn?n%gr SCWQLQ 51%|02d Iarlqg.' wqgﬁltlhe t@lcoggu%% r SWI%?VQ ﬁ%?c ées of the AC
turned on at some 0|nt within eac |ne ?tagenhgéﬁ ?1

C“’f@ﬁ?&m@%ﬁ}t}ﬂ’fﬁﬁ&er?é%’@ta%ﬁaﬁérzé’ﬁﬁsﬁb%%TW&“P‘@r@v%ﬁél Tohd él%?dﬁﬂlaﬂct the input
of giervmaing dstottent tsedio donirolienefigy-toa. resistivetdr Midubtivé toad;t can only

flowhishumay dneide.ior.example, annagneliclow:valiage ransiQumangly 406

be%r{]lslei}‘l g:@ zp 9’ %ég QIEH l?n spmfﬂng\égrrl%Ie Qfgeans nglZ%lﬂtiqS ¢ cl)gg&n Icngfelﬂ an only flow through
semiconductor switch 420 is turned on at the zero-crossing oftﬁe F

S SREY S ARG OTIRASH S SreSuFR oAt R stk halif ég?éﬁe‘léﬂh%lwe%ﬂe

detrottage? Reversephise torrolidiofteni 30 seddorcdntroldenergyetarate output

sighapaseitive: lnatk-whigh smay.insludefee exapple-analectonicow-weltagemal on
th(y@l@ﬂ)%'%m rGf‘?AQ Q%ﬁgledé%%g Q@?‘A‘&EQ&%’VA@QS&%%M%% gr?(ipg &%ﬁgﬁ)gghe second

the beginning of the half- cycle, and be able to be turned off with in the
R %yc"'la"esréi\fé"r%“éep%ésé“@olhtﬁdinéf FRASIG FEGaTFEE thbt R EmTRTeTREectos e of
swiyoh FEfNs inlanttgertal eonmdetiéi Grtheiikethasuratjonoi3oFhes sigasonse to inputs
frofletectomd B2-haswarsinput 440 for receiving switch closure signals from
momentary switches T, R, and L. Switch T corresponds to a toggle switch

troIIed bl;gthe SWItCh tor 3 6, and switches R and L correspon
fo Fno ¢ swite r0v1 fs ?I GE%H&, {P‘r controlling the dimmer qwztc 202 from
he raise and lower Swi controlle

a remote iocation in a separate Wall box The remote sw1tch 204 includes a further set of momentary
switches T, R', and L' and diodes 434" and 436'. A wire connection is made between the AD terminal
of the remote switch 204 and the AD terminal of the dimmer switch 202 to ailow for the
communication of actuator presses at the remote switch. The AD terminal is connected to the

input 440 of the signal detector 432. The action of switches T", ', and L' in the remote switch 204

corresponds to the action of switches T, R, and L in the dimmer switch 202,

[0026] The system shown in Figs. 2, 3, and 4 provides a fully functional three-way switching
gystem wherein the user is able to access all functions, such as, for example, dimming at both
iocations. However, in order to provide this functionality, both switching devices need to be replaced

with the respective devices 202, 204.

0027] Sometimes it is desired to place only one smart switch in the three-way or four-way
switching circuit. As shown in Fig. 1B, it is not possible heretofore to do this by simply replacing the

dimmer 152 with a smart dimmer, leaving mechanical three-way switch 104 in the



1G

13

20

25

30

35

upper portion 314A and the lower portion 31413, respectively, of the

intensity selection actuator 314. 5 [0024] Closure of switch T will connect

the input of the signal detector 432 to the DH terminal of the dimmer

switch 202, and will allow both positive and negative half-cycles of the AC

current to flow through. the signal detector. Closure of switches R and L

will also connect the input of the signakdetector 432 to the DH terminal.

However, when switch R is closed, current can only 10 flow through the

signal detector 432 during the positive half-cycle of the AC power supply
cird@tcbecaudeofadiode 434k thsirhitait manner; Wwhen iswitchitdis clesed,
miGUERAL AN ORYfaw &m mntbeéimﬁtqw,@Eﬁge%{ré@g&l}@n@egm\ée flows
thr Qal{l%clces bE‘Cf':l L%:%g 19fh %4(;)86 ’J;E)hec SI&nal degefc tOf 432 detee(r:tgﬁvyyc%eargcmdmg

the switches T, R, an L are ¢ osed, an row%’es two separate output
% GRS FeSrESERTATE B thistife %FWs@WFGﬁégda?s%%t%“P&Wémdes a means for
renmieroeontrdier 426:hA signal on 15 the first output of the signal detector

432 indicates a closure of switch R and a signal on the second output

Odm icates &L l&%’“ﬂﬁo? ﬁWé'iﬁQté- CD%I:%PHS‘Q% c%n%r%pgl& ng] letrb%gump &t %ocatlon

represents a cIosure of SWItC he Mmicroprocessor contr

S AR R R o LR ﬁﬁnr%sﬁm%%ﬁﬁbmgﬂﬁamﬁéosﬁﬁ?%? dimming
frogietebtof 43 2000 28] thherrermote spdtely 20dnprovites @ mieahs fose prior art
muCoMteling the dinmerswitehhR02 fiem asemaie-location:ifhas Sepatatey dimmers

ms\ﬂc’xﬁg d%&u@ﬂ&l{%rﬂﬁﬁe %X\ﬂ %a%@%d&g !f_}ég %ﬁe%J Y r&hﬁ{e %%8£ M%Iatgir%e installation

|tches T, t and L' and diodes 434' and 436'. A wire connection is
HILHLBERTEER the AD terminal. of the remote switch 204 and the AD

terminal of the dimmer switch 202 to allow for the communication of
[otastuator presseseatdhe remgatetswiichy EheAbntesminakis eenneste dupaliows for

thJQ@e%@aiQ;HH;t%QrQ&t%@gﬁaJ GeIeGior 43e.n] he AGHoN Of SWIEDES T mR 1o purchase
emoIT in th qte sw C 204 co respondscgo t&e 8%:t|on of swﬂclhes T,

Wlt e dlmrﬁﬁe“fls ﬁ%ﬁ ][‘65]%] e system S (gvxel}r]t)iﬁicﬁ Cusrfmﬁr -
““é‘ﬁﬁ%‘:ﬁb‘i‘/i’tﬂf@@*ﬁ Efmﬁ?hfuﬁeﬂaﬁe@. RSNV SAeRing sy sty fe rfe‘ihrfﬁévay or
fowyset isyabte totdedesshallifundtions;suchasfiforexamplesdimining atbotd and it is
d;q&@d%@ﬂ&eﬂ&%ﬂ%ﬂ@r@&q@ﬂ@;@@V@@rﬂﬂ%@ﬂéﬂ?ﬂﬁﬂﬁlﬁé’eg%ﬂgswmmgal
m3EVIELS 166410 be replaged. with the respective &ev'cn‘%gr?QZ 2&‘%}1&99}%7]13

Someétimes it is desired to place on y one smart SWItC n the three- way

s SIRTEnGT GifbTHE KY ShEWRIRTER e R Hoe peskip I%““hase 2nd instal
a shesretoforeeterdolthis by simply replacing the

10030] A gmart three-way swiich has also been designed that operates with a conventional
mechanical three-way switch, but that system requires rewiring of the mechanical three-way switch
in order to provide proper three-way operation from both locations. This is the subject of commonly
assigned LIS, Patent Application No. 11/125045, filed May 9, 2005, entitled DIMMER FOR USE
WITH A THREE-WAY SWITCH, which-is incorporated herein by reference in its entirety,

SUMMARY OF THE INVENTION
[0031] The present invention improves upon these and other shortcomings identified above,

particularly with respect to the existing smart three-way and four-way dimmer switches, providing

smart dimmer switches that can replace existing mechanical three-way and four-way
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35 dimmer 152 with a smart dimmer, leaving mechanical three-way switch

104 in the 8 circuit because when switch 104 breaks the circuit, power no

longer is provided to the microcontroll.er of the smart dimmer (in place of

the dimmer 152) because current no longer flows through the dimmer to

the lighting load 108. The three-way and four-way dimmer switch

according to the present invention prowides a solution to this problem and

also optionally provides a means for 5 remote control of the switch.

[00281 In one prior art remote control lighting control system, a single
swinlit-location fdimmer anduup toerinentagedssory tdimmersuchfnbevay switches
witnstallgdianthe. samercirouitto-enabie dimming.ftom a plurality of

controls. In the prior art, accessory dimmers are necessary because prior

10 multi-location dimmers are incompatible with mechanical three-way
°°§&§|tches ACTELSEY ARMATRTS: TREIANER I BUYHGIE & HETSE thffypdatiy to be
coiplefeaseithatcostraithe components knd efthesinstathfibAT ofacdimnsingeh. The
disysterm: {029 tiMoreayeravemthaughithemulipledesationightiagtroitably
con%%%l;%l @é?&teeﬁé c%quﬁy QAME IEQ o]tﬁet%tuagcmdaa%@ @Hl 9 HIADEL Iﬁyngéh ’ﬁlcacontrollab}y

hree- Wa system, It s necessary for t e customer to purchase

t
ot S ?Fc*h""%béi‘)ai%“ﬁ%"\%/ﬁﬁtfh& ‘é" A UirmEr %%i”c‘ﬁ“idﬁ“‘@ﬁ*é‘ﬁwﬁ gontrolled
sudy Hiehh dagtofferdsnun anesretiat wiehtioteeswitchisareauire duntrentbigying hick the
cor@rSrABlft dimmrer-switeh ifon acthiieeswayion fourasaylsystenyantiliafterdhe the load.

Thg'@3&%@&5%@@&%&@4@@@g}@ﬁg@mm@rtﬁg\eimﬁi@%ﬁllﬁﬁwc&mm device is
dlsc?vered that the smart cm SWI ch will ngt ¥vork rog |XW th the
. : R abare e

n a conpuctive state ;a,cui'rﬁat tﬁ etween t second terminal
existing mec anic ree- Wa OI’ our-way SWitcC erefore,

or pststena el foraisthant éﬁm‘iﬁéﬁ* fﬁ%ﬁtlﬁ?éy% dirstaicd %ﬁ%ﬁ%%é&%ﬁ}@?%
seithirgeaniay «OrcfocaBy ey sipstern: Wwithoutk thfereechtd purchase:dnd ihstalkrainal and a

cotRgClalemate.syiteh, {R03QLAusmart threg-way, switeh:hag alse.ReRRice. The
Conql% ned th o eratesl\%th acolQ\g?ntlorgial 25 p&chamcal three

18 €) o contry e contr %/ con uip n I:csgloijﬁ %o an otiut of the
SWI'[C t system requires rewiring o t e mecnanic ree-w

Se%ﬁ&?‘”ﬁ? H‘ra@f-’ Brovide prelser it é&a%%ﬁécfa?wfféﬁf!b%*tﬁcﬂb&‘afﬁeﬁwmpﬂseq

a piies isrthe subjeCincihoconetaonbyl assigned W8, tRatentlpplicatidrtNe device and

opélra-ﬂe2t5g4{5mﬂ|§gmw §,:2005:1e1titled IQ&MM&BME&WQEH@ device comprises

a clt@e%?transiﬁ%né%’r@%‘glmwg !:%Dr!e%i!@ﬁz%ﬁp%roartl%%fj%ﬁgeslercloplx {0 fc?{egrg'lcl:relaln It§ the third
entirety. 30 SUMMARY OF THE INVEI%IT ION

load terminal.

foo3s} According to another aspect, the invention comprises a dimmer switch adapted to be
coupled to a circuit including a power source, a load, and a standard SPDT three-way switch, and
comprising a first conirollably conductive device and a second controllably conductive device. The
dimmer switch also includes first, second and third electrical load terminals, with the first
controliably conductive device electrically coupled between the first load terminal and the second
load terminal and the second controllably eonductive device coupled between the first and the thivd
load terminals. The first controllably conductive device is arranged such that a current flows to the
load between the first load terminal and the second load terminal when the first contrellably
conductive device is in the conductive state. The second controllably conductive device is arranged
such that a current flows to the load between the first load terminal and the third load terminal
when the second controllably conductive device is in the conductive state, The dimmer switch also

includes a controller electrically coupled to the controllably
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[0031] The present invention improves upon these and other
shortcomings identified above, particularly with respect to the existing
smart three-way and four-way dimmer switches, providing smart dimmer
switches that can replace existing mechanical three-way and four-way 35
9 switches and being fully operational with existing mechanical three-way
and four-way switches without requiring rewiring or replacement of the
other switches. [0032] According to one aspect, the invention comprises a
dimmer switch adapted to be 5 coupled to a circuit including a power
source, a load, and a standard SPDT three-way switch. The dimmer
switch comprises first, second, and third electrical load terminals, and a
o fROOIARY. ONAUEINE, device SipeticalnepuRied (0 e I SECantune
third Ioa terminals. The controlf conductive device
CORBAGTCTiGE %’Pgtglﬁq‘%‘rﬁﬁdfﬁéwééﬁ?ﬂ%lﬁ’ﬂiﬁ BORELTEHVE qeintd 18 %ﬁ%llé‘ﬁon‘i’ and
thiglibhd atandesinddamolsrit of powervisdelheredttolthe lnadafgral embodiment, the

dien-cenducive state inwhish the d0.centrollably condustive JRviee iShe first
sen %%%U%g ggfr;ahtyl%ﬁ?%l&(?tgﬁ] tb a":b’e &&%W%%?ngle lrsec‘)j gloa’gbeetclrosg'rgbe a El‘st electrical

controllably conductive device Is arranged such that when the controllably

hEBHATH/E YEiES TE RS AUV SRR a Tl FEF L ERE B A6 TS ectrically
coydtfviedhetierfitstrerminral mndethbistconekte satimdl < ortbetivbendradirsrssociated
witerminatancithedhicd ternthakolihiadinmer switeh fudher.comprisesBeccond

coRENIRING devich elecrically.coupled, 9.at8ast ane %EQ&%&%@LJ@H‘M@JMM with

hand the thrrd termlnal and ) 15 controller operably coupled to the 1

e OtroNaBe COATTEHVE HBVICR i T8 tHe BN SRy "GV CE-Th & EBIRSTIEF 18

acqprerEb et e ntroP trideeisistiohablytedtiductive device in response to an
output of the sensing device in accordance with an electrical

oﬁlﬁra‘:te”%‘&o;ﬁﬂ% %W%o%ugtbw{tw19@%9%@&:1@@&%%&%9 Wvitch adapted to
cou Igd in shunt eIe%trrcaI connection é/\{l'[h the control& fjly gggdyct ve

be cou to a gircust inel 2T souree a fixrst st ree-way switch, and
8Oe\?’ce an opera 0 pr%w e pOWéI‘ tht?]e controzﬂér n a preterre v

= SBipIoUnHERET, Stﬁ@'%gﬁgrn@aéiéW%@c@H?ﬁ?i@é??ﬂ”ét‘&ﬁ‘r@ﬁflfﬁéﬁg%r?ﬁ@?lforhﬂi and
fogengmygiegatrentthraiighrdneoftthisseconduload deriminkbaidithethied between the

firloaddesninal. Eon'ﬁg]t}ﬁﬁPQ)raQi'EEQ&%@PQFQ%E@%&%EJE‘%@M&QU%@QJ@P’E@@S
cox%r(} pl)rlgrer Sé/yllc;[ 1ve da g%g atr'oa?leeé: ﬁ’_%ﬁtt(\)v en {'ﬁ(l}] Ictoilrth(!Hq)[}]rq vee device i1s in the

source, a lo a standar ree-way switc

oRbiiHsiAG: éﬁ}‘?ﬁe&‘é SR %ﬁhﬂ%&%@@ﬂ%ﬁﬁ*&%%ﬁdoads@&%w&%&ﬁ%rraeﬁry*d foad

tepgnductve devictir lyad terminal and the fouwrth load terminal. The dimmer switch includes
a first sensing device electrically coupled between the first load terminal and the second load
terminal and adapted to carry the load current through the second load terminal. The first sensing
device is operable to sense a first electrical characteristic associated with the second load terminal.
The dimmer switch includes a second sensing device electrically coupled between the third load
terminal and the fourth load terminal and adapted to carry the load current through the fourth lead
terminal. The second sensing device is operable to sense a second electrical characteristic asscciated
with the fourth lead terminal. The dimmer switch further includes a controller operably coupled to
the controllably conductive device and to the first and second sensing devices. The controller is
operable to control the controliably conductive device in response to an output of the first sensing
device and an cutput of the second sensing device. The dimmer switch also includes a power supply
coupled in shunt electrical connection with the controllably conductive device to provide power to the

controller.
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dimmer switch also includes first, second and third electrical. load
terminals, with the first controllably conductive device electrically coupled
between the first load terminal and the second load terminal and the
second controllably conductive device coupled between the first and the
third load terminals. The first controllably conductive device is arranged
such that a current flows to the 30 load{getween the first load terminal and
the second load terminal when the first controllably conductive device is
in the conductive state. The second controllably conductive device is
arranged such that a current flows to the load between the first load
terminal and the third load terminal when the second controllably

[Og:a?)?ducnve deVIge ISOIn theﬁ(% nlngCg\C/eOfSt te g;rggtclilmmer SW Ch aell‘s‘ioWﬂZCh com nses
inCcludes a contrroﬁ%r esfec?rlcaie 63u Ied 6 the contre ﬁaBT‘y% i) P

firglg Pfﬂ%%nf@%j@féé&%ﬁ&dbb@#&ﬁ{@f%aﬁ%ﬁﬁ%ﬁéaww derigugitgically coupled

to cevices hetween thérddontuctivebtate: andd ey ronlcondligtiverstate aardst one of

th@POWETSHRRIY:£QURlechtathe firstisecrnd, and-aithicd. laadterminals.and

cootp q{ab eccggd E 1¥!a ﬁ (%V\ée{i H;' e Cr?s':—l]lg[gockleevgcépa%do r%f)ergle sduep Vil gecmcar}}y coupled in
|mmer switc urther comprlses a first sensm evic a seconc?

S@@h@ﬁ‘iﬁlﬁ@é\%@eﬁ*r?é firet 'Be ARG R E%HFEJé‘Pé’&t‘?Fé%‘iWE%ﬂbﬂ&&’lfot‘fﬁé"“de power to
thgegondderifinabandisloperablétoisense arfirsted|ecthitalt charabteristicllably
codbseciaied with,the: secandJoad tewainal. Thersacanth e nsifg-denicedsioad

reSlgcirically, coupled tg the third terminal and:is qperable. 10,SeNse ay....q 1.4
second electrical characterlstlc assouated 10 with the third load terminal.

B ohBroTRE RERFHE TPETa e S o S thE P HAT Sathffonnection and the
negpdptrolabtyconductiveedevicedtirrres ponga to bl uepdeoftheefisgtand the load. The
coRQRNAG davicd:in acaermiaBeeswillhhedisielecitcal charpekesisticnanchin of the
scIESRASE.t0 an output of the second sensing device in accordance with

the second electrical. characteristic. 15 [00341 According to yet another

aspect, the invention comprises a dimmer switch adapted to be coupled
108864 circuit iNelwetirig Bpowérndstiee pertodn, arfiisedtanttarp SPpTioad in a circuit
cothyagnyay switebyran dhalsecanthstandand-SR T thieeniayswitche-Fhgswitch. The

mHRMEE, SIS Qh%%@ﬁ!ﬁ%%@[&fméﬁﬁ@ régc&b&@n@@ﬂr&%ﬁ@%@é@féﬁ%h‘ﬂﬁgm on the

e s contgl g s geenal il
t%ﬁ?édﬂféﬁﬂfé@tﬁél%ﬁﬂt@ﬁ@@@@&%ﬁ%ﬁ éBW%éﬁ%j?jé‘fﬂfElﬁé’ﬁléféﬁ%%Wéﬁ@é%e
costrohiathatwihenvthiedentrollablilc-dondudtive: devieé as:inuthef power is delivered to the
load and a non-conductive state in which the controllably conductive device is controlled such that
substantially no power is delivered to the load. The method further comprises the steps of sensing
an electrical characteristic associated with at least one of the second load terminal and the third load
terminal, and controlling the controllably conductive device in response to the step of sensing in
accordance with the electrical characteristic, such that a current to the load flows between the first
load terminal and the second load terminal, or between the first load terminal and the third load
terminal. in a preferred embodiment, the step of sensing comprises sensing a current through one of

the second load terminal and the third load terminal.

0037 According to another aspect of the present invention, a method for controlling a
load comprises the steps of providing first, second, and third electrical terminals, electrically
coupling a first controllably conductive device between the first load terminal and the second
load terminal, and electrically coupling a second controllably conductive device between the first
load terminal and the third load terminal. The first controllably conductive device is arranged

such that when the first controliably conductive device is in the conductive state, a current to the
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conductive state, a current to the load flows from one of the first load

terminal and the second load terminal to one of the third load terminal

and the fourth load terminal. The dimmer switch includes a first sensing

device electrically coupled between the first load terminal and the second

load terminal and adapted to carry the load current through the second

load terminal. The first sensing 25 device is operable to sense a first

electrical characteristic associated with the second load terminal. The

dimmer switch includes a second sensing device electrically coupled
loaBélvweénsthresthirdloath = termined] and tivestourtidohartenainal ardadapiedrollably
cog@u@aveydsh@el @@g&ug&%@h&hr@ugtmaetf@@g&ﬁ@%&l&%mﬁ%rmmﬁ@@@m is in the

conl ucg‘lvrelag FV %(Itlsl 9(9 %11 %a&%gvsvg baétseegonge% I’IC(?L Ch te{ll e third load
assoclate |tht our [oad terminal. rhe dlmmer SWIt urrh

te”ﬁ%&ﬁh@%“&%ﬁ?fbﬁ?é%b&ﬂ%%ﬁ%ot&b%&bef S‘B”t’f?éhli%Hi‘FJHﬁbF;P‘éé‘ffﬁ%ﬁRf&mﬂab]Y
cordavice andte the firstiand=decond:sensmgidevicesndihevesmtroller dgreferred
emOparabieite sontrokihe copiiplablyrcanductive,deyicarin /RSPRASE I01@Bristic

ass%gltﬂyé Q[tmg I£§$o§§r1] 5] g%r%?ﬁ@??n%@gn@l@l? g E%‘on‘afeﬁ c%rlc%?apara%%ﬂsltzgas%0c1a%:ed

The dimmer switch also includes a power supply coupled in shunt

Wl%ﬁé%?r‘i%gr‘é%ﬂﬁﬁ&%ﬁiwﬁw% -ABRTEREb BN R BRI S Provitesably
cogppiet e thves corroter 85l [003B1 Arterdimpctoyetanothehaspettos in
redhiepreseatinyentennadimreen swdteh comprises. finstisecand,sanshthind second
18lectrigal. load terminals; a controllably conductive device electrically
coupled 5 to the first, second, and third load terminals; a sensing device
electrically coupled to at least one of the second load terminal and the
[08BfHd load térmifkionm Cortviar eleaticatpootedtontie: controtaplyer to 2 load
freepAductivie devitBand:co themsensing-cdavide;andralp owel-SUPPYSPDT) three-way
sv@ﬁ%@l&&?y @%@gfl%d%ﬁ'ﬁt:te Ilépgg&g@ﬁ&%@ Q&Q&AQP 3}[\9{& ?h%ﬁ@:p EE)?U@JQ IEYdapted to be
uctive device and opera 0 o the cantraller
Co%faon(f IParbey conducti Souffe(:a\'/ﬁlrcle%g‘?rén)f dsgj?():\ﬁ t£h SEWhen th e con ;F ate n

v SoheoaRecaRvitésie e eBidustiver duam g éﬁcir*é?ﬂ@t’é%@%w‘ﬁéﬁhéhe
mdyebiveanttiefirstion: thrminal dndithe secofit kvag tehminal conbatwedhnmer
swibe firstlead.terminal @mlmeatt%@etp@qte@fmims e SERSINGHEMICEISe and the
1oangLahle é&?n‘f nse.continuity between the hot s%%‘n'%%"“ nand the ne é&‘&%e first
connectlon (6] ower source througﬁ t e COI’]'[I‘O aply con uctlve evice

g P GAE THR BTSN 8 (BB (5 ORI BT NAtgecond e contact
of @mﬁﬁ_}b’fﬁ,&g@eme:mtcp@gp@ﬁS@t@rgl&pbjmtpmﬁmwmgdevme electrically coupled such that

when the first controfiably conductive device is in a conductive state, a desired amount of power is
operable to be delivered to the load, and when the first controllably conductive device is in a non-
conductive state, substantially no power is operable to be delivered to the load; a controller
electrically coupled o the first controllably conductive device and operable to control the first
controllably conductive device; and a power supply electrically coupled in shunt electrical connection
with the first controllably conductive device and operable to provide power to the controller. When
the SPDT three-way switch is in the first state, the controller is operable to control the first
controllably conductive device such that a current to the load flows through the second load
terminai. When the SPDT three-way switch is in the second state, the controller is operable to
control the first controllably conductive device such that the current te the load flows through the

third load terminal.
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15 sensing device. [00361 The present invention further provides a
method for controlling a load in a circuit comprising a power source, the
load, a dimmer switch, and a standard SPDT three-way switch. The
method comprises the steps of providing first, second, and third electrical
load terminals on the 20 dimmer switch, and electrically coupling a
controllably conductive device to the firgt, second, and third load
terminals. The controllably conductive device has a conductive state in
which the controllably conductive device is controlled such that a desired
[otgount of poweliig teliieseeribothieclgad drdataonbedductiverstafefinther

coﬁ&‘ﬂ“rk%@sﬂrﬂ@eﬁ%@f‘aﬂ@@%fé&ﬂ%ﬂw&ﬂﬁm% Bst %@Er&ﬂ@@ %&EQ@J load terminal and
thesg&sﬁnti %/mm goleger IS dellvered to th Ioad The method fur

Compriges” Bpe DFLEHEING 2% SR8t RSP STA TR Lllﬁ %’6%%%%&“
asspithted ek tonbof e sed on e oo be rrminaietrd ithesthirg lohdl e mmipaller of the

d1r@1§i@1<33ﬂ€6@|liﬁg;$ﬂﬂamﬂtﬂ@{@91¥l@@fﬁﬂ seliverdBYICEDIT (RSRONSE #0ithei St@Bponse to
ncsq]glln acco ?ance }Q/cly(‘)lrﬁl eEIectrlcaI ghara%terlsttc,f ch that

an ou sm evice ﬁ’l ]g ol ]f. tematl e dimmer
current to t flows between e Tirst oad termlna an e SE‘C

Swra‘édf%?h%rr?ar?@flﬁét@v@éwﬂn@wéﬁwa q@fﬂﬁlﬁf&i@aﬁﬁlﬂ%eﬁtﬁﬁ% et device
eleteriniliglcokp B ptethred @mbadimaants ihenstep-efise ARG AMBHSAS:trical

ch%%@tséﬂgté &%U&%WM@&%%@&H‘&%%QP %Jﬁaadsé%%! N2}, andl OGN ricany

load terminal. | 037] Accordln to another aspect of the present invention,

coupefotR SR ot ﬁdofﬁﬁfalaaﬁaa VDI %@&%ﬁ@eﬁéﬁ@ﬁ Bk g teristic
asgeeoed yahdthild @l eotticalkternhinils cetecthiealtyoreoupting casfirst the controllably

cofQEOHRRIYCcOndUGtve devicsbatwaen.thefitstioad darmingl apththe. with the first
eiecJncecond 35 load term@al and electrlcalll}/ cou&léﬂg a Segn ond coni&rollabl

rical characteristic 11 res P]ns? oarl1 ép 8e¢0 evﬁEI accordance
conauctive device ween irst Toad‘terminal an

withfiiirratoThelditstcebeftrotizibhs tondhetvel vdigioe t@fa#an@@@“str@hqhml able to

dewhemihediskeontroliabiy eprduciive.dRuce s the 6 ARILCEVes AR @nsing

de‘gllé{ggent to the 12 load flows between the first load terminal and the

second load terminal and the second controllably conductive device is
arranged such that when the second controllably conductive device is in
ot conductiverdiates the cuttenttp dhetioad-flewsibetween thedfist loatkm for

suﬁ%ﬁ%%o%g trrhg 1@'&%9{%‘3 p'i%'é‘}' Q&lr&@&%ﬁ@?f? J lﬁm%ﬁmrgﬁéng%Ie double-

ste g)gﬁg%ntrollmg the first and second controlla I 5 conductive devices

thigRhNeen tHE 8 RAN VS SA YR THEAEH-CohdudEoe SEE™ L Hréfepiatner
sweinib Stlimiant DM Bthod furthefdomprises thétstdps bfeengingsecfirdtiixed contact,

an@leetHieah SABIACIRHISHGdapted to be coupled to the power source. The first SPDT
three-way switch has a first state in which the first movable contact is contacting the first fixed
contact and a second state in which the first movable contact is contacting the second fixed
contact. The second SPDT three-way switch comprises a third fixed contact, a fourth fixed
contact, and a second movable contact adapted to be coupled to the ioad. The second SPDT
three-way switch has a third state in which the second movable contact is contacting the third
fixed contact and a fourth state in which the second movable contact is contacting the fourth
fixed contact. The dimmer switch comprises a first load terminal coupled to the first fixed
contact of the first SPDT three-way switch, a second load terminal coupled to the second fixed
contact of the first SPD'T three-way switch, a third load terminal coupled to the third fixed
contact of the second SPDT three-way switch, and a fourth load terminal coupled to the fourth
fixed contact of the second SPDT three-way switch. The dimmer switch is operable to control
the power delivered to the load.
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associated with the second load terminal and sensing a second electrical

characteristic associated with the third load terminal. Further, the step of

controlling the first and second controllably conductive devices comprises

controlling the first and second controllably conductive devices in 10

response to the step of sensing the first electrical characteristic and the

step of sensing the second electrical characteristic. [0038] In addition, the

present invention provides a system. for supplying power to a load from a

power source. The system comprises a standard single-pole double-throw

(SPDT) three-way 15 switch comprising a first fixed contact, a second

fixed contact, and a movable contact adapted to be coupled to one of the

er source and the load. The SPDT three-way.switch has a first state in

o the TV LA B o o s B R SR o
thesEHATISIAtE TFAVhIE R HE Y FROVABIE" coREA ICHRIZCARYARE CEEH fixed

contact. The system further comprises a dimmer switch including a first
nroadriesvinarasapiedie be caugied to the one of the power source and
fodllf 20 load that the SEDT three way switch s nat couplad 0, 2.886000. o, 4 form,

load terminal coupled to the first fixed contact of the SPDT three-way
whighiteRreathilv To%e terthRTEIECHUTEN 1o B SEeoha ket Eafittt Bt tgited to the
rrSPDIriimmewaeswitchra firsticontioliably be fidtictiverdevica elestridhfypresent
inGauUpladisuchthat swhenthe fitstoontigliahlyisanductive,deviee fsairders to the
ac &;%”%Hfitl'q‘éed%té}ﬁgsaix‘?%%ﬁ{c%d_ amount of power is op_erable to b_e (_Jlellvered

to the oad, and when the first controllably conductive device is in a non 25

conductive state, substantially no power is operable to be delivered to the
[086%d; a confiellet sbiettrically o tiledwter thie filsteontroliatiyrebretictiveree way
swileMige and operable to control the first controllably conductive device;

and a power supply electrically coupled in shunt electrical connection with

the first controllably conductive device and operable to provide power to. .
94T controlier: WA (1S SEBTHAHSLAY SR & (I8 fir St LA Hha meiuains
onggHECHE FiscopErablanter cHHD e Tt $R:30 E8REBNIADLlY conductive device

such that a current to the load flows through the second load terminal.
[odAH1en the SEDIthise-Way switeh.isa,the sacond state, the controller is

operable to control the first controllably conductive device such that the

current to the load flows through the third load terminal. 35 13
0046 Fig. 1D shows a prior art extended four-way switching system:

[0047] Fig. 2 is a simplified block diagram of a typical prior art multiple location lighting

control system:

{0048} Fig. 3 shows the prior art user interface of the dimmer switch of the multiple location

lighting control system of Fig. 2;

[0049] Fig. 4 is a simplified block diagram of the dimmer switch and the remote switch of

the prior art multiple location lighting control system of Fig, 2;

[0050] Fig. 5A is a simplified block diagram of a three-way lighting control system including

a smart three-way dimmer according to the present invention:

[0051] Fig. 5B shows a state diagram summarizing the operation of the lighting control
system of Fig. BA;

[oo52] Fig. 5C is a perspective view of a user interface of the smart three-way dimmer of
Fig. 8A;



10

13

20

235

30

35

[0039) According to a first embodiment of the system, the dimmer switch

further comprises a sensing device electrically coupled to at least one of

the second load terminal and the third load terminal, the sensing device

operable to sense an electrical characteristic associated with. the load

terminal to which the sensing device is coupled. The controller of the 5

dimmer switch is operable to determing $he state of the SPDT three-way

switch in response to an output of the sensing device. According to a

second embodiment of the system, the dimmer switch further comprises
[ccazecond contrallablyicotideuttivekdevicen affirstesensingdievice nelactricatyincluding
a scouplaghtaithe. second:leaghterminal.and aperahledaisense a first.glegtrical

characteristic associated with the second load terminal; and a second

sensing device electrically 10 coupled to the third load terminal and

00Bkrable td 6Pl 4 SEuBHa eTEEiEE CHaFAttar i d5ERIRUNRAth tiamer of
Fighiitd load terminal. The controller is operable to control the controllably

conductive device in response to an output of the first sensing device in

D(ﬁgpord ance, }9"9@ ghg ll@ﬁlﬁéﬁ%ﬁ%%&l@l@%{gpt? 5"?‘11 ngylpggl%s g%gé'&"otlosystem including

output of the second sensing device In accordance with the second
DAL B ACEOHBAE RS EBh O GH0iE tifif Sitch | 18'6pktable to

15 determine the state of the SPDT three-way switch in response to the
[oamalputs of the senRsiRg devigesdQB4QkAcenrding £o. yetranotheiaspeeh, the
duthePresgnt {nvention provides a system for supplying power to a load

from a power source comprising a first standard single-pole double- 20

throw (SPDT) three-way switch, a second standard SPDT three-way
[088litch, and & difmersiich TheReeSPHT e wa) Bwiteh oo mprsescuding a
smarfifstfixed Contaci;arsecondikixeceantaektiand a first movable contact

adapted to be coupled to the power source. The first SPDT three- way

itch has flrst state in which the first movabl contact is the

O e IR AT S SR Bie RRSE b e B e
sygRtEdtifgthe second fixed 25 contact. The second SPDT three-way

switch comprises a third fixed contact, a fourth fixed contact, and a
fo@@rond momable contertiadanted.te-basoupied inthedoadnd he-seerRRday dimmer
Of% @Ertggt%%vlvnaxgsc\gltcth tha§ dg thlrd state in which the second movable

contact is contacting the thir flxeén contact and a fourth state in which the

second movable contact is contacting the fourth fixed contact. The

[o@fithmer switeh Idoapiisedatfirstloadderminbt bodpledutothé firstdisad loop of Fig. 10;

[oo61] Fig. 12 is a flowchart of the process of the current detect routine of the control loop of
Fig. 10,

o062l Fig. 13 is a flowchart of the process of the triac state routine of the control loop of
Fig. 10; and

[0063] Fig. 14 is a flowchart of the startup process of the controller of the dimmer switch of
Fig. 8.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

{6064] The foregoing summary, as well ag the following detailed description of the
preferred embodiments, is better understood when read in conjunction with the appended
drawings. For the purposes of illustrating the invention, there is shown in the drawings an

embodiment that is presently preferred, in which like numerals represent similar parts throughout
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30 contact of the first SPDT three-way switch, a second load terminal

coupled to the second fixed contact of the first SPDT three-way switch, a

third load terminal coupled to the third fixed contact of the second SPDT

three-way switch, and a fourth load terminal coupled to the fourth fixed

contact of the second SPDT three-way switch. The dimmer switch is

operable to control the power deliveregdo the load. 35 14 [0041] Other

features and advantages of the present invention will become apparent

from the following description of the invention that refers to the
thageempanyingdavirgs:5BR LR ESCR|RILON. QR THiERRAWINGSTimited to

nd QD42 R0 g RUtRase ol iusiialing she jnvention, there is shown in the

drawings a form, which is presently preferred, it being understood,

however, that the invention is not limited to the precise arrangements and
[09p&Itrumentaliids showrpifne ek fegumicadvhirayoslishthe praseny e 500
indideratiommwit zﬂ&ee@medap@aaremtﬁmnzth&cfﬁﬂawmgldeméim_immeﬁﬁbm The dimmer 502
an%ny@ﬁu@gk&nﬁ;_er@t@és%%m)o%qg@aﬁ&yg@?ndgawyﬁgﬁv_é@n}/gg@h} JR043LEIG. 506 and

SNOWS, IQr, art three- witch system, w Includes two \

< A L R ST B A vlase
YRR dith st ite iyt Hcludiig terte prergrian fe sbayp fixed contacts of
theimmeraswitchhaitd. oTie thresswayrswilchit lB0AG} gy iSishowsiapridsdrt the
LigfRLE WRY SWItang SYR1e e am%ﬁz%@xl@e%ﬁlﬁ%t@dd Rﬁ!b |. %@rga%ﬁ@ q@e]gte

four- itchi system: Fig. 2 is a simplifi ock dia amofa .
Syziﬁéﬁﬂ%%ﬁv B b oo R e S

08 TR BHOR T TRE PR TEER B Thieharh R8sttt Stitrres itimplaree way

swligdedinand without the need for a wiring change to the three-way switch being replaced. The
terminals H, DH1, DH2 of the dimmer 502 may be screw terminals, insulated wires or “fiving leads”,
stab-in terminals, or other suitable means of connecting the dimmer to the AC voltage source 508

and the Lighting load 508,

[oo6s] In this embodiment of the smart two-wire dimmer switch 502, two bidirectional
semiconductor switches 510, 514 are used. The dimmer 502 implements each semiconductor switch
as a triac. Howevear, other semiconductor switching circuits may be used, such as, for example, two
FETs in anti-series connection, or an insulated-gate bipolar junction transistor IGBT). A first

triac 510 is connected in series between the hot terminal H and the first dimmed hot terminal DFH1.
The first triac 510 has a gate (or control input) that is coupled %o a first gate drive circuit 512. A
second ftriac 514 is connected in series between the hot terminal H and the second dimmed hot
terminal DH2 and has & gate that is coupled to a second gate drive circuit 516. The dimmer 502
further includes a controlier 518 that is coupled to the gate drive circuits 512, 516 to control the
conduction times of the triacs 510, 514 each half-cycle. The controller 518 is preferably implemented
as a microcontroller, but may be any suitable processing device, such as a programmabie logic device

{PLD), a microprocessor, or an application specific integrated circuit {ASIC).

00671 A power supply 520 generates a DC voltage, Voo, to power the controller 518, The
power supply 520 is coupled from the bot terminal H to the first dimmed hot terminal DH1 through
a first diode 522 and to the second dimmed hot terminal DH2 through a second dicde 524, This

allows the power supply 520 to draw current through the first dimmed hot terminal
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lighting control system of Fig. 2; [0049] Fig. 4 is a simplified block diagram

of the dimmer switch and the remote switch of 30 the prior art multiple

location lighting control system of Fig. 2; [0050] Fig. 5A is a simplified

block diagram of a three-way lighting control. system including a smart

three-way dimmer according to the present invention; 35 [0051] Fig. 5B

shows a state diagram summarizing theyoperation of the lighting control

system of Fig. 5A; [00521 Fig. 5C is a perspective view of a user interface

of the smart three-way dimmer of Fig. 5A; 15 [0053] Fig. 6Ais a
Disimptified: Block-diagranh 66-aitireesiay Nghtingreatitrdk systemiimeludingte@minal
prsecpndiemboedimentat assmarttbraeway dinmneLACEIding 10 Ihe t Charge when
mdIESERL INVention; I90R41 £1. 6B is 3 simplified, ﬁche@ﬂ'@%&‘&f%mg

first detect circuit of the dimmer of 5 Flg 0A; OO Jo} Is a S|mpalcﬁ ed the
dpséR dlagram of a three-way lighting control system including a third
embodiment of a smart three-way dimmer according to the present
fodealention; TQ{00H6.Figr HBishows.d.simplfiedschamatic.dagnun: 018 coupied
veGHUSHLARIBCkEIEGHE QfNe. AiMMEn.of Fids (A: EQPB@%%&& '@E’é‘f' 2, 524,

block diagram of a four-way Ilghtlng control system including 3 sma
e eﬁutr“i/‘?/EII 1 nRer HECORiRg T8 the pregant ?n‘i?&Hﬁbﬁg‘i% *mﬁ’ééj”ﬁﬁjﬂﬁ 518 that
id%ﬁéwﬁzf stateraaigrant Summatiziig thesopEratioruilthé lfghting controgn to turn
on System:0fiBig18: {000} Hige APt adlowehart ofa-conig] doap attheply voltage.
controller of the smart four- -way dimmer 20 of Fig. 8 for determining the

te of the dlmmer 006 owchart of the process of the
(% ton routiné of the con %I Toop Lf(son[téﬁgﬁ]’ﬁganﬁﬁ% g?léﬁ%%a?tdemmm

a dafitRbiHuREdevsY &qﬁétatﬁﬁréfrfbaéﬁé@flaimmé@éf fie vemtroklssp B PR RS a plurality

of 4@yators for receiving inpuis from a user. For example, the user interface 528 may comprise a

oup

toggle bution 560 (.e., a tap switch) and an intensity actuator 570 (i.e., a slider control) as shown in
Fig. 5C. In response to an actuation of the toggle button 560, the controller 518 will toggle the state
of the lighting load 508 (i.e., from on to off and vice versa) by changing which one of the two triacs
510, 514 is conducting. The controller 518 drives the triacs 510, 514 conduct on a complementary
basis, such that oniy one of the two triacs operable to conduct at a single time. In this way, the
dimmer 502 operates similarly to a standard SPDT switch by allowing current to either flow through
the first dimmed hot terminal DH1 or the second dimmed hot terminal DH2 solely in response to an
actuation of the toggle button 560. Alternatively, the user interface 528 may include a separate on
button and off button, which will cause the lighting load 508 to turn on and off, respectively.
Movement of the intensity actuator 570 will cause the dimmer 502 to control the intensity of the
lighting load 508, The dimmer 502 further includes an airgap switch 530 for preventing current
flowing through either of the triacs 510, 514, and an inductor 531 for providing electromagnetic

interference (EMI) filtering.

{00701 When the three-way switch 504 is in position A and the desired state of the lighting
load 508 is on, the controller 518 will turn the first triac 510 on for a portion of each half-cycle, while
maintaining the second triac 514 in the non-conducting state. If the three-way switch 504 iz then
toggled from positicn A to position B, current will not flow to the lighting load 508 since the second
triac 514 is not conducting. Therefore, the lighting load 508 will not be illuminated. Alternatively, if
the three-way switch 504 is in position A, the lighting load 508



10

15

20

25

30

35

[0062] Fig. 13 is a flowchart of the process of the triac state routine of the
control loop of Fig. 10; and 30 [0063] Fig. 14 is a flowchart of the startup
process of the controller of the dimmer switch of Fig. 8. DETAILED
DESCRIPTION OF EMBODIMENTS OF THE INVENTION [0064] The
foregoing summary, as well as the following detailed description of the 35
preferred embodiments, is better undersfood when read in conjunction
with the appended drawings. For the purposes of illustrating the
invention, there is shown in the drawings an embodiment that is presently

is preferred ipawhicholike umeralsHepresent similarpatsdireughnutell cause the

s 10E8eyeral vigws.of Ine dravwings. i peing Hpﬂ%rg‘é(%%dcmt‘aou"%?ﬁ’ erplNat e - 1oaa 508

mven}lon is not limited to the SﬁCIfIC methods and instrumentalities

"isciosSe TU068] BB SA 18 SIMPIfde BSER diatiam B tifedziayey «itch 504
is {igmiiyontiohsystembsgors iivetudindrée sirmaridhreecivaly dismeths witetpller 518
wibORatcarding tecthe present inyention:=7 ke: dirnmer.502 «andia standard, thus

Ca&gggéqﬁ/g@iglﬁﬂgq&@g@%%ggﬂgﬁgtggqim ser_ies betweer_l an AC voltage
source 506 and a lighting load 508. The dimmer 502 includes a hot

terminal H that is coupled to the AC voltage source 506 and two dimmed
10473t terminalsnBttly Dt hres conERiuow: téntreifixed eehtartssordhate of the
Hethieelwayoswiteh 5o 4onkhélcormimon derminal-of therthree-wagrswitehiocb@deach

b nected on the load-side of the system 500 with the three-way.
o P S0 TS he AL T A Hes B A i AT o S grrosted and
the heaRrging i BanBy Siitdhimithtsattnesiésl 184Epnrawitive Bk kshigapdpad 508 is
onthrdghwayzBwitchrs04hand viithoutehesneed fora wiring changesteitheuse the
sedbH@e-way sWitelp baing-feplacesth Hhe dermingls HyR B dwddh2 0hibnting 10ad 508

wiSIMEL 202 MaY:be serew fer @‘Qﬁl?m&@%%‘@#%g ires or ‘flying leads”, 15 o
stab-In terminals, or other suna%le means of connecting the dimmer t the
AC voltage source 506 and the lighting load 508. [0066] In this

[oEEbodimefihobthersmaty t10 wiferdimrerswitel 5082, tvobidinectional power the
coS@miconguctonrswitches o, tbd 4.arewsaed - khe dimmal:h02;:pplemeRiSon A o
poSACH SEMICANALCIOnVIER, 20 ASA IR, HOWEYET, ADLT SEMICONIUCION b orarity
,swﬂchmg circuits may be used, such as, for example, two
will not flowhrough eitherof the dimmed hot terminals DH1, DH2 as the movable contact
transitions and the power supply 520 will provide power to the controlier 518 by virtue of the
internal storage capacitor. The amount of power that the power supply 504 needs to provide when
the three-way switch 504 iz transitioning is dependent on the transitioning time required for the

maovable contact to move from one fixed contact to the other.

{0073l However, it is not always possible to guarantee that the power supply 520 will be
able to power the controller 518 and other low voltage circuitry during the time when the three-way
switch 504 is transitioning between positions. Because of space limitations in a wall-mountable
dimmer awitch, it is not possible to simply include a particularly large storage capacitor in the power
supply 520 to provide power during the transitioning time. Also, since the transitioning time is
dependent on the force that a user exerts on the actuator of the three-way switch 504, the
trangitioning time can vary widely from one transition to the next. All three-way switches 504
include a region of “dead travel”, i.e., when the movable contact of the three-way switch is

approximately half way between position A and position B and is not contaciing either
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FETSs in anti-series connection, or an insulated-gate bipolar junction

transistor (IGBT). A first triac 510 is connected in series between the hot

terminal H and the first dimmed hot terminal DH1. The first triac 510 has

a gate (or control input) that is coupled to a first gate drive circuit 512. A

second triac 514 is connected in series between the hot terminal H and

the second dimmed hot 25 terminal DHZ,and has a gate that is coupled to

a second gate drive circuit 516. The dimmer 502 further includes a

controller 518 that is coupled to the gate drive circuits 512, 51.6 to control
of the neenduetion times.atine ﬁ@@@ﬁmi 2A:each hallzeyeles The CONRNET in the
re2hg P RIGTRIA0N Implemented asar 8&%9”&@”% but may b o%‘(}é

Suitable cessm device, such asa programma ?é]?oglc vice T_ﬂ
ngeiHers E‘oﬁ’:“é?gdlf GF‘an application specific integrated circuit (ASIC) 30

[0067] A power supply 520 generates a DC voltage, Vec, to power the
loeotroller SA&ofﬁhgmmeiﬁzﬁm@pboﬁzﬁﬂﬁmQllgﬁlotwmtt}@mfatﬂmmlﬂmer 502 5o

rel@ing IH@E;SMB&%% @t%etqr@m R through, .8 f'f%% %99&0 ngcsayﬂ) tgf 1€ power to

second dimmed hot terminal DH2 th roug a second diode 524
o R BBy B2t AR iﬁ%ﬂéﬂ%ﬁéw%ﬂ%eaﬁwﬁemm 52
i tféFﬁlmérdP 3% 1t DII Whelt thectisrebewayiswitehrs0hisirypositierr A28rdeactuated,
ththraugh-ha secenrdndimmeddhot terminal RH2 when dhe thsee i Wayswitcheing

00159411!2'%1 'rhp@@qlpa[} % dTIQE&%Wz‘?{eMPA}[ﬁ?%QSQ &m&%& %% nge t'\l/:]( c falls below a
ags %O 5 4 are both not corégfoctln%gnd there is a voltage potential

evalohed aCFISEREr dimRet 550" 8" Sﬁl‘?htged(i?ﬁf‘ﬁé]re‘swlﬁfﬁ%grom the
RIS By Erdierodsing deteetsr 5060 tar ispalse ebeaplbd Dbetleen Yherises back
abhrot ferhminakkt and:the dimmed hottef thinals:bidk, DH2 through the diodes

522, 524, respectively. The zero-crossing detector 526 provides a control

al to th cqnfr ller 518 th t identifies the zero- crossm ofth
ool T 2 e R G g e ting conro

SYfFF&bé%’/@féFFslﬁAeé‘éW ﬁ*a“ﬁE%;?e?eW fitfiiig Troth Cieh t%é%t%f@%@ﬁ@@ﬁm@ be on since
thAGrsepplysvoltage! i{0068]AruserdnterfacebiBeis ¢oupled. fotheh the conducting

rig@Ntrolianall andie ajow R.Hesr to-determine.na fesiredUghting 18y ebdohiac 510 is
ab‘%%%)}n utctc]%ulrl q.ntgtiqu%céo?lg ol t-Lh%gLfl%mrglp %%%e ?ge S%Q%)V ggzsar% E)Lléreﬁls!gyincludes

two states 556, 5568 in which the hghting load 508 will be off since the three-way switch 504 iz not in

1ev

a position to conduct current through the triac that is enabled for conduction. A transition between
states can be caused by one of three actions: a toggle of the three-way switch 504 from position A to
position B (designated by ‘B’ in Fig. 8B), a toggle of the three-way switch 504 from position B to
position A (designated by ‘A7), and an actuation of the toggle switeh of the user interface 528
(designated by “T7.

[0076] Fig. 6A shows a simplified block diagram of a three-way lighting control system
600 including a second embodiment of a smart three-way dimmer switch 602 according to the
present invention. A first detect circuit {or sensing circuit) 636 is coupled across the first triac
510 and a second detect circuit {or sensing circuit) 638 iz coupled across the second triac 514.
The detect circuits 636, 638 provide control signals to the controller 618 representative of
electrical characteristics of the first dimmed hot terminal D1 and the second dimmed hot
terminal DH2, respectively. Each of the electrical characteristics may be a voltage developed

across one of the respective triacs. Alternatively, the detect circuits 636, 638 may be placed in
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of actuators for receiving inputs from a user. For example, the user

interface 528 may comprise a 15 toggle button 560 (i.e., a tap switch) and

an intensity actuator 570 (i.e., a slider control) as shown in Fig. 5C. In

response to an actuation of the toggle button 560, the controller 518 will

toggle the state of the lighting load 508 (i.e., from on to off and vice versa)

by changing which one of the two triacs(510, 514 is conducting. The

controller 518 drives the triacs 510, 514 conduct on a complementary

basis, such that only one of the two triacs operable to conduct at a single
serfimeitintthigiwvayd the 2Oxdimnisd 50210 peratescsimilanlyito aistandanthy be currents
thx&Pg@Ih@ﬁ&Me@%@sl lewingcurrentio.eithe rsémgnm&aemﬁzii@wya@gq% provides

ot ter nf'];ll DH1 or thea%gc nd dlmwgdshg{)tgrmm | DH2 so

a de ermm 10 continum neutraYO the AC voltage

response to an actuatlon of the '[0 utton ‘%%36 ,&Tternatlvely the use
SOW%?P&&@HSE@&W e R é%é?a%r@ﬁ Gt A bR R Wmmm

swiggu§@thedightify [Datds08 4o tur reomian A T creBpectivé i Melementofl DH2.
the intensity actuator 570 will cause the dimmer 502 to control the

[odMensity ofthe 25 lighting load, 208, The dimmer 502 further iny Jyd%%h%%ree way

ap switch 530 for preventing current flowing through either of the

airg
S‘Vt??% BP078 14 A En TRUTEBP 8 3T ST Broliting BIeRIEhAY fféﬁémmn A and the
firjhterferehoe (EMNieTg Y [0OTOF W er e threchwyssvditett SO4SHitS, which will
oufpastiannA: antkine desired stateafitbedightings 30:0ad 508 R e hen the
sraoniroler 51 8owill tupn the, fsstiriac 21Q a0 for.a.pedion £f &agh ahL%Lﬁ% 1ing

while mamtalﬂln he second trlac 514 in the nonconducting state

iR el SWiteh B04 18 158K 10 g i e S SBItSH A T f)éi‘&f’té‘ﬁe B EGAERT v

ree-way swi
sWikA Pt ove Tt eres fbtsting rag S0B simberthey sEBBRE otrfaes 14 iy Taest 628 and may
vroohdueting: Hierefase, thehlighiinelaad 2O8iwilk notdael itusmnateshion circuit 634, For

exABENAUVEN. iif e Shrrssway. SWitch 204 is.inpogition A 1he lightingsload
508 35 18 is on, and the toggle button of the user interface 528 is

actuated, the controller 518 will cause the first triac 510 to stop
[09T8h ducting A A°HHE Seesia TSR T4 T7 b8y ie SoHdd g THAC TG Ping o &
exBO8e wilkbeicHrbécausethe contratibnsdkdrisrdpivin gaha secomnoh thiac b kdvireless

coM\HﬁlJJ&Jmm{% -WaY SWItGhR04 (iﬁ{irbmﬂﬁmﬁqd&mﬂm%%Q%HQ&QMK& An

o455k terTage, 528, s actuated again, the contoller 218 5wl stop driving,,
e second triac 5 ﬁ cause the |rst trlac tO Eg In conductin

A Rl A ST rom S9N i v

DETEREMINING THE STATUS OF ELECTRICAL DEVICES FROM REMOTE LOCATIONS.

10079] Instead of providing complementary control of the triacs 510, 514, the controller 618
could control the triacs to the same state at the same time. For example, when the first triac 510 is
conducting and the second voltage detect circuit 638 determines that the three-way switeh 504 has
been toggled to position B, the controller could cause both triacs to stop conducting since the desired
lighting level of the lighting load 508 is off. When neither triac 510, 514 is conducting, substantially
no power, Le., only an amount of power that will not illuminate the ighting load 508, is conducted to

the lighting load.

f0080] Accordingly, the controlier is operable to detect a change of the position of the

three-way switch 504 and can determine when to toggle power to the load based on the three-way
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[0071] Similarly, when the three-way switch 504 is in position B and the

desired state of the lighting load 508 is on, the controller 518 will turn the

second triac 514 on for a portion of each 10 half-cycle, while maintaining

the first tri.ac 510 in the non-conducting state. If the three-way switch 504

is then switched to position A, the current path to the lighting load 508 is

interrupted and the lighting load will be,gff. Also, if the three-way switch

504 is in position B, the lighting load 508 is on, and the toggle button of

the user interface 528 is actuated, the controller 528 will cause the
swaekondiiriacmbl4 tosthp cenducting.and thefisst triae. PAO-tobegitts shown in
r£08duatnRg. 106, lighting 19ad.908 15 will e off hecausedhe first triac 510

Is conducting and the three-way switch 504 is in position B. [0072] The

power supply 520 preferably has a large enough storage capacitor to
[0%53lver the Bentfoiter ST8ldatint tHe HdEs wieh amestirecwiyepiteppsdihe first
deisctransitionin gfiomypaositien Adadpositien tBeantkaticecverss. iFar axampleltage, the
deeataemra@m@mvrmoé%iwgg Iegl,swé@m tm@r@rﬂxggmkmt flow
photgg ges ?4%1 gg}gh?tgllmrrt]o%g n etrtgiml L ere_!l% %S th ﬁo diodes. The

contact rans%rons and ?Fr ower supp wﬁ provide owerpt the

voRRFftroIeT S8y A r&f‘evbﬂrtfﬁenﬁﬁ%%%ﬁo Srabecessasiter S This amidtiftotie
coppoiier §héat the powersinphyiBodineeds tojprovideowhensithe thp€aanpall the voltage

proviteh S04 is-transitioping:is.depe maerge%@et@%mmgpmw@gw@@

. or the . ovable contact to. movle frgn one fixqgacontact e othe 2&36)

OIFaIsiStoT 13 conducting 18 10 € acYos £1ect mrcm
007/3] However, it Is not aways possrfﬁe to guarantee tT’ratt e power

supply 520 will be able to power the controller 518 and other low voltage
[0@8R¢uitry duliivgthe titme: when! thel threeswWayleswitchr G043 tramsitibringhrough the
phbgtnaerpasitionsBecause gtspace dimjationsdnsaonal M@aﬁ@haﬁ -cycles.
He I&p IH’L% %Wclg%hg ILS{)In QAEO% %ﬁMS gn%lrﬂglyo 9&9 |é] 91; tl% B&Eg rl%largo otransistor is

storage capacitor in the power 30 sup provide power urrn the

PugrthitiGrhg it ARBoHEe the irarrgﬂrawr&ﬁm &f Q“eoséff}@ﬁd’ér?fbﬁ’fﬁé 638 is
idfoiedl thahostisaradxditsom tictadtratbtot theth fG6 sayswilch §04lifkens only in
thirapsitioningstrmel can aany:vwded: fomonea tiansitiondadhemexil Alknd the second

dlrruasegr/@erawrtmﬁ%ﬁ%emm?yqﬁ@@@&%"@%@ Havel. Irem%@esmum be

ovabtle contact of the three Way swrtc s approxrmately half Wagf _
PR EREST POSTTIBH B AT PoSHioh B ahd te ndt cSHAMing i 25ty with the

controller ;)18 operable to detect a voltage produced by the resistive circuit.

f0083] Fig. 7A shows a simplified block diagram of a three-way lighting control system 700
including a third embodiment of a smart three-way dimmer switch 702 according to the present
invention. In this embodiment, the dimmer switch 702 includes a single controllably conductive
device, for example, a bidirectional semiconductor switch, such as a triac 710. A controlier 714 is
coupled to the gate of the triac 710 through a gate drive circuit 712 and controls the conduction time
of the triac each half-cycle. A power supply 716 is coupled across the triac 710 and generates a DC
voltage VCC to power the controlier 714. A zero-crossing detector 718 determines the zero-crossing
points of the AC voltage source 506 and provides this information to the controller 714, A user
interface 720 provides inputs to the controller 714 from a plurality of buttons {including a togglie
button; and includes a plurality of LEDs for feedback to a user. A communication circuit 722 allows
the controller 714 to transmit and receive messages with other control devices. An airgap switch 724

disconnects the dimmer switch 702 and the lichting load
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of the fixed contacts. Sometimes, it is possible for the three-way switch
504 to be sustained in the region of dead travel, such that no current may
flow through the power supply 520 for an indeterminate period of time. 5
[00741 Accordingly, the dimmer 502 includes a memory 532 that enables
the dimmer 502 to return to the appropriate state, i.e-, to control the
correct one of the two triacs 510, 514, #-power to the dimmer 502 is
temporarily lost when the three-way switch 504 is transitioning. The
memory 532 is coupled to the controller 518. Whenever the toggle button
500fithe tisacinterdace b28:% astuaiedidhezcantrolier: Sd 8istaresdntheind provides
EW%mfyg5§%nmh79@%&Egﬁﬁetﬁl@%ggtgtes(gf%§d:i)ﬁﬁﬁ‘&rém{t%%g ;190}] that the
tr rol;%jcgrrl\ thls E!Iagltl mmer. 5 5 \AFporanIE)/ loses power and the DC
“N age fﬁf?%e‘i 3 Tevel that a(fl SYor p prfoper operation of the
controller 518, the controller will read from the memory 532 which tria.c
l0®2D, 514 tdsontrobat Tpoenupiide whenthedGinoltage Meccrises backhat is
co@b@f%mg‘elﬁyﬁIfiﬁhﬁxﬂihﬁ%tﬁgﬁ?ﬁﬁfapﬁﬁrﬁ&m&; %E&&@B%Q%@rhéﬁMZ%Hz The
ows te diagram rizing the ration. of the
S g EOB ot iy D Tt el 2 B LI O eon
SRRTEH thesTahg %&a%@gsxﬁﬂdﬁ%ﬁr@*ﬁe%aﬁ?étm}é@w Sifiter B B The
rottve coMedt positigasto cormpletehtiiecirtuitdhroughdhe conductiagr Heiate triac 710
is fnRF example, ﬂt}ﬁ'ﬁafﬁefigl%eWQe%wtm@] three- W%sﬁWﬁQb ﬁ@‘blﬁr&ﬁr%%ﬁﬁl% ﬁvrough the
r is qnduct.current to thus confralthe lightin o
pomg Jhg%g lﬁ}'%eé ]étg{}g dlagram §§8ccérigo inc u%egtzt((a)r wo 515%%@2%5 urrggt et cirout

”"‘évﬁ L8 WHTAG DA S8 Witk B 6H SRS the thiHlsa Whi) SRt FPBT Y 5 gtien o o
pojtica Bodition tee cbriducticurniteint tH e igbotiectrigontiva igne mabfled forough the current
degonduetionsAdnansiion baiwepnslateseandhe aaused by oneofdhieger 714 is

abgqg qgérﬂzkgggale% 191%&‘3?1:1:1@ rﬁl@ex\@é(y%w&gﬂ Wal];r@ {9 ngélt %e Ahg?e &Qﬁltl%%thg load

esignated. by B' in Elg 5B), a toggle of the three-way switch 504 from
50pése|tl8rh°éqtg aﬁ%‘}sr i6f°A (designated by “A'"), and an actuation of the toggle
switch of the user interface 528 25 (designated by "T'). [0076] Fig. 6A
[ostsdbws a simplifieddjoric diagram eha: three-way Tightiag Coptoksystemricch 504. If
th@%mmgg@mmh @L%QQ@W@@%@; %ﬂ@@{%&h@@i}‘é’ﬁ%‘?&ﬁ%@%ﬁﬂ%ﬁ ofa
according to the prese ventio irs ect circuit (or sensin
tméllsrbhl égjg |r§%coupalyed‘E zilzcri}rloas%E S first t I fisic 30 %’%%‘”%{‘ﬁ‘a 5 s BEORT YEREEY then power

updvﬁtwﬂ(%) FEENSIMGSERENR) 658 i%%%ﬁf)l@ﬁ ERGEE T SREGTARIEE SPACPRE14 of the
dideteciO8itteiks 68616880provitle:conirol sSigndls iothecontrollesGl 8f the current

defERLESENtAIVE OFompares the present state of the three-way switch to the state of the three-
way switch that is stored in the memory 726. If the status of the three-way switch 504 has changed,
the controller 714 will toggle the state of the triac 710 based on the present state of the triac that is

stored in the memory 726.

{00s6] Fig. 7B shows a simplified schematic diagram of the current defect cireuit (sensing
circult) 728 of the dimmer 702. The current detect circuit 728 includes a current sense

transformer 730 that has a primary winding coupied in series between the dimmed hot terminals
DHI1, DH2. The current sense transformer 730 only operates above a minimum operating frequency,
for example, 100kHz, such that current only flows in the secondary winding when the current
waveform through the primary winding has a frequency above the minimum operating frequency.
The current sense transformer 730 detects the falling edge of the current waveform through the

power supply 716 when the charging current flows through the second dimmed hot
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electrical characteristics of the first dimmed hot terminal DHI and the
second dimmed hot terminal DH2, respectively. Each of the electrical
characteristics may be a voltage developed across one of the respective
triacs. Alternatively, the detect circuits 636, 638 may be placed in 35 20
series with the dimmed. hot terminals DH |, DH2 and the electrical
characteristics may be currents througls the dimmed hot terminals. In
essence, the sensing of the electrical characteristics provides a
determination. of whether a path of continuity exists between hot and
terpeitt 8E6F theACwdltager Y8Urce1BO6 througihthedightihg toad 508t ithdimmer
opdhireevaiay switeh 504: and-thethree: way dimmer 5 sWitch 602,38 @Ihekt the
be%&%iﬂ gg&rﬂgg J}Qltetefﬁw%ﬂpﬁé%‘&r }a%oﬁze%c% Igrp 991@9%%@1@ each%alf cycle,

W OO% The controll er 618 uses this information to determine the position of

R TR AP Wt 552 TR TRE SRt B0t BEF e RS HBIE HHEH e hroueh the
poflFearRiAy Bliteh Berés finpositdrlinsit e thirstiac sy efisn through the primary
winfeconductive; eveoltage:with devselop-acrassithe first detecteinaWil 636;frequency

codRichwill 10.gutput ssignalindicating that the. threesway, switch SO4.I840. owicen

osmonA mllarll(‘%né ent e three-way switch 504 |s in posmon B, the

50 !
SBCARTHSLE: SRS ol BUt a corresponding §|gngf’”t"ont’f]'unﬂjer CT319-200,

mEgfironet M@?Wﬁé%ﬁﬁ‘bller 618 uses the information of the state of the
three-way switch 504 to provide feedback to the user via a plurality of
[odstADs on amsetintesface. 628 @MJ@%Q{@@Q@&%@Q&% WA Qv oss o
herigpnlt ol dewce;ssglara tlon gmmunlcatlon circuit 6 4 For 15
re51s oF e resistor. cgr coup dcb eTﬂy]'een circult Ccommen a atlve input of a
example, the user inter ace 8 may & same as the user |n

CO%%WHHF@#@ FlererraPirme tfd%ﬁ%ﬁ@éé%ﬁ%ﬁ%&ﬁﬁ%é% Pﬁ&?‘bsé“édﬁﬁfé“ﬁ‘%@“ 736,
T3@sodmmumdationisd e tior iexaniple, awised gctial Goatroblinkf e comparator 734 is

tieDOIRE-line Carki el (RLGLeomMURIGALaD ik tanuirelese emuMUNIealieRhrough

the Igl}lébécglrhv%% leg{ gaechr(*LsFé so f aé%?agr{ f%ren%ugg&y (7R1F gg%rgm ILI:ICd.a ::[Llc? (r)]ss the
0 example of an R Tlgshtlng control system IS deSCI’I 8

“*S&%?ﬁﬂ%ﬁwfa%%@ %@U%er%ww EhS(58 R WS s, t&@@épm low,
sigppititied METRHODEANDAR PARATIYS 0 R GON EROIAING, ANDurrent detect

cir@.ETM}NWﬁoEHEn&IA@[&&&IQBeE&E&T%M@&Eylﬁa&f BRQM compriging one
or REMQILELQGATIONS: ({00 &éé&%@é}gﬁ providing complementary

control of the triacs 510, 514, the controller 618 25 could control the triacs

to the same state at the same time. For example, when the first triac 510
10488l conductitgy Gitr e EEes i Joliagedefechuirsut b3gvatermihestthmtoo
indhéitbresswayoswiteh S frasqitch 802 according to the present invention. The dimmer 802

and two three-way switches 803, 804 are coupled between an AC voltage source 806 and a lighting
ioad 808. The dimmer 802 has replaced the four-way switch 185 in the four-way hghting control
system 180 of Fig. 1C,

toosg] The dimmer 802 operates on the same principles as the dimmer 702 of Fig. TA.
However, the dimmer 802 includes an additional hot terminal H2 that is coupled to the three-way
switch 803 on the Iine-side of the system 802, The dimmer 802 further coraprises a second current
detect circuit (sensing circuit) 829 that is coupled between the hot ferminals H, H2 and provides a
signal to a controller 814. The second current detect circuit 829 operates in the same manner as the
first current detect circuit 728. When current is detected flowing through the second current detect
circuit 829, the controller 814 determines that the line-side three-way

switch 803 is in position D, When no current is flowing through the second current detect circuit
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been toggled to position B, the controller could cause both triacs to stop

conducting since the desired lighting level of the lighting load 508 is off.

When neither triac 510, 514 is conducting, substantially no power, i.e.,

only an amount of power that will not illuminate the lighting load 508, is

conducted to 30 the lighting load. [0080] Accordingly, the controller is

operable to detect a change of the postion of the three-way switch 504

and can determine when to toggle power to the load based on the

three-way 35 21 switch position change and the present state of the
82¢lirhmerecThussthebditibe dimeritsshoWrrin tikigsn Bl ad 6Axate to determine the
staCQBpatible swith-adnachakigal threasmyay switch. 804 (D081} hig«&B.isa and to
opSiDPHTIEH SCAGMANG 'ng%me%fem?%ﬂ%% {Rﬁ%@'@b‘@% IS AESEPne rogele

b detegf:t circuit 636f Since the voltag eh provided across the detect circuit 636
PIERRT AR 1ie Voithge, the° Herstt cﬁc?u‘i‘%‘ilﬁ“a\}ﬂe@%‘ﬁ%ﬁ%%u%ﬁé?‘ﬂé%ﬁf G lighting
loae&iStor 642 is prowded in series with the photodiodes 640A, 640B of the
optocoupler 640 to limit the current through the photodiodes. The voltage

O@Eﬂhe CO||G§$Q£ QIom m%trr%§l§£9¥n§ Q&g}tgﬁ Ehe Qﬁ%ﬁgualggc@ﬂ@s@he dimmer
cmﬁ VI esglahocf 36%‘ ontroller 618. A re |stor§46 is I’OVI ed in serle Wlth the

fraRsidesrea0e 15 plir it Voltage” eFol\"}alde 1 BEShtrolar BTg = o or

thf&a ‘tf@stﬁénwer voitayevedisf the B@W@rtéﬁ sé@ym@ Wﬁémﬁémz or H2 would not be
cophoistianisisiords A0 conduciingnireoiviien theresisnooltage across ihealled in

anf@ISEhEireyiL 636)y [00821 Whep a yoltagaisrodiiced acrass the Hatellvhat kind
C|r%lflttg3&n%grenﬁfbows through the photodiode 640A in the positive

of he -cycles and %I%E%IC yde 640B in the negative half-cycles, 15
Hence, the phototransistor 640C conducts and the voltage at the collector
j0gfithe photBizansistor istgaled doviiteancirctitredhrmonagds oihe Lghting control
sy&@ﬁ%@i@‘@@rﬁf@oﬂ the.seeond.detRcheirguit ©38 1s0 Wﬁm@%h@@ﬁﬁg since the
deS¥ hdesm%é' A %{éﬁ‘no hediest detegt cirenit,636, shown,in g, 68, differing, o,
he Tact t he second detect Gircuit 638 is connectea etween

91&18}/%? PETARAR R5siTd TS S EFRdmRnted FSt i it i DRon between states can be
cayshe hvativelivthes first ardessEcd nid: detect eirewitsh6B®6 L838rositilah BetPpsition B
(ddmpleniantediasia. sinpleckesistivie erckitRakshown) rfar example t@position A
(dgﬁéx'l%@& g\!’ng)e Ly ééhe t&'%hg %Erouu% %@cﬂ@ggqpc!% h%s(iit?rgg %t t% I}(&'}&%enl (designated by

;Dﬁro uced gthe resistive cjrcuit, [008 ows a simplified b

4 EPSE R VAR SOR SRR € Cmlmaed by 1 st

actuation of the toggle switch of the user interface 720 (designated by “T") (or whexn a “toggle” signal
is received via the communication cireuit 722). Note that in all states of the state diagram 900, the
triac 710 is eperable to conduct current to the lighting load 808 to contrel the state of the lighting
load independent of the states of the three-way switches 803, 804.

fo092] The state diagram 900 thus identifies the status of the three-way switch 803, the
three-way switch 804, and the trize 710 (and thus the lghting load 808) for all possible states and
shows all the state transifions when the three-way switches 803, 804 are toggled and the toggle
button of the user interface 720 is actuated (or when a “toggle” signal is received via the

communication circuit 722).

[0093] Fig. 10 is a flowchart of a state control procediire 1300 of the cantroller 814 for
determining the state of the dimmer 802. The state control procedure 1000 runs periodically, for

example, approximately every 6msec. The state control procedure 1000 includes a button
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including a third. embodiment of a smart three-way dimmer switch. 702

according to the present 25 invention. In this embodiment, the dimmer

switch 702 includes a single controllably conductive device, for example,

a bidirectional semiconductor switch; such as a triac 710. A controller 714

is coupled to the gate of the triac 71.0 through a gate drive circuit 712 and

controls the conduction time of the triagseach half-cycle. A power supply

716 is coupled across the triac 710 and generates a DC voltage VCC to

power the controller 714. A zero-crossing detector 718 determines the
rowerolitPOssingr30 pointsofthel AQ. voltage sourterb06:andoprovidesithisitton
rodat@rmadiaﬁbt@ltt&mt@uﬂgﬁ@ée user dinterface £L20pHVides SRS t0xecuting

in SQ%&OEQEH Qllgt. fid from t%‘elé’ lurality of Rg}ﬁ%veﬁy Gding 2100016 DULAN 1ot picces

d includes a plural ity of LEDs for feedback to a user. A’ communication
of &t?tré’fﬁt@?aé’ﬁ SOWE “TRE ESRFBIRRT 7T 1B 73Rk mit and receive messages

with other control devices. An airgap switch 724 disconnects the dimmer
[ossmiitch 7021aRnddheslightng.taad 35r200 508 from theAGiNallage SBOMIE8sts for the

tmécosQafA‘E]omglléqQﬁ} feonis 1 SRMeS Vi ING ice o 10, apQl RIOYVIAES. FMland tne

fi terln%e A memory 726 stores the present state of the dimmer switch 7

702,
UL it TRET Ko HPOITER 1A SR BlolSerRr GRETAtS HRe Bl FLD ARSSEwer™) o the
FIE%.S@{@O@EF] e et 7o alsdinekides Acatent detetckiredprocesses the
ev{SRNSHNGClictiit}if2 8 that. IS0 coupied hetweepsthefirst dimmedhat terminal other

erxﬁl t@tnﬁj EID%IE%QQQ)QWegf QQE@MQ@L}QE‘ 2 CJJ-I’@ b&MJ@élttlg%t% ﬁﬁ@gtack by

728is.0 (rabl to detect when there is current flowing through the second
oth :f routl FIOIiOt escrl

erminal DH2 and to accordingly provide a control signal to
the controller 714. The power supply 716 provides a current path through
foadyd currentidebect:circuitis2@ whbneth@ trie 7k0riilis homstondiictingriables:

TRVW@?QTEQ@J@r?@rWﬁWT%Wﬁcghtﬁﬁéﬂsﬂ?Wﬁ@@t%ré@%&ﬁ%ﬁ@ﬁ%B%nf% The
Vana %%%Q%_\ﬁgé S%Pgsl),{ 716911&””’5;{(')%\/9\! zghro %rzac ond d‘m@ Sgl E)I"‘F The

g, e
ermlna current etect CII’CUIt sense the C

VaJda’rt%%’t%?ﬁa%‘&%@t&ﬁ%@gﬁ‘ﬁ&w@ri&hﬁﬁﬁtﬁ%f ﬂltrefeitv%t%ﬁht%ﬁe% ffewit 728 and
theoasitidrBrew Her diver thieEWwenpswitcly 5044 4psibosiaor sApmdcumnebiewvill
1sﬁometmgm ghdbeusenicdetecttinculé28.anthne signalnil beprovidedn current
i 19, the ec,E)Qtroller 714. Thus, the controller 714 is 15 able to determine the

state of the three-way switch 504 and to control the state of the lighting

load 508 (i.e., on or off) accordingly.
[0096] A ﬂowchart describing the process of the butten routine 1100 is shown in Fig. 11, At

step 1110, the controller 814first checks the toggle button of the user interface 720, If the toggle
button i being pressed at step 1112, the controller 814 will load a “toggle event” into the FIFO stack
at step 1114 and exit the process. If the toggle button is not being pressed at step 1112, the process

simply exits.

160971 FFig. 12 is a flowchart of the process of the current detect routine 1200. The cutputs
of the first current detect circuit 728 and second current detect circuit 829 are coupled to separate
interrupt inpuis on the controlier 814, Whenever an input is provided from the first current detect
circuit 728, a first interrupt routine is executed to set a first current detect flag. Similarly, whenever
an input is provided from the first current detect circuit 728, a second interrupt routine is executed

to set a second current detect flag.

{oo9s] Referring to Fig. 12, the first current detect flag is first checked at step 1210. At step

1212, if the first current detect flag has changed states, i.e., the new state of the first current



10

15

20

25

30

35

[0085] The memory 726 stores the state of the triac 710 and of the

three-way switch 504. If the power supply 716 is unable to supply power

to the controller 714 through the duration of a 20 transition of the

three-way switch 504, the controller 714 will reset, i.e., power down and

then power up when the three-way switch 504 has finished the transition.

At power up, the controller 714 of the dimmer 702 checks the status of

the three-way switch 504 from the control signal of the current detect

circuit 728 and compares the present state of the three-way switch to the
destaterafithedhregawayhswitch thadd sostioregr-inthesmaemoR T 26.. Bihess moves to

stePLARYS %Lb@t t@@@e@fnty@%lwg%ﬁgésn%%mﬂmgp&e%%%qgg%% tg%ﬂbitér/l'gt
state a ase nt state of the tri
H&p %fjflrz(tag & ]r?}%{()erlir]ws)rré 7?5 o[B8 Bl ’7%(? ’%ﬁvﬁi gltlss’lrsr?t fitiea séhaniaticd 216
Oﬂt&ré(g%%xr%f%ﬁéb&%?@n?@%& tﬁ@w&@c@ AgStereany- %bﬁhﬁé@ﬁtfﬁﬁqéw will load
a “HRRle FhenCurke tii-0EiECk cick uit «£281mmludes a current sense 30
transformer 730 that has a primary winding coupled in series between the
odfgmed ol derpinals DU DU, The euen) senpe tansiormer 120 60l
operates above a miRimu operating requenc?ya or examp °} (05 ocrine 1o
Ch@if@wﬁﬁf&f%ﬁﬁéﬁﬁréhwlﬂawéﬁﬁ%@f&@éaﬁ%%y@wﬂﬁa}ﬁgthéﬁptﬁ éféh?ﬁémnd current
detwaveforndhioghkthie psinpai32yindistgrHasg @ ifrégquency ebbve:thel current detect
cuEEm '?*ﬁﬁmsq%@ﬁ@m;gg{@squgnw ndWe: 4 mhme %@J%?@hm%ﬁ%fma@ gl%@i?ﬁg?‘%t&mal to
the fallin of t rm,through the. 35 powe
thwaleur? 1g-toe %ﬁé?ﬂ%@%&gﬁg\?\\%@iﬁ%@ M, ErQUgn, INe.s dl dm mea 5%?& t%e present

h the secon

v R W S B G e 7 St 44 AEhs 6. SehEatiuctor
2NGWIER B il rirmeTABPE ratesrukipg forwarek phaserodivt OVl EAIRGT imset to TRUE
at Which shensactd is-oon-conductive althe beginning.ofaachhallcyelesss and
I Nus, the power supply 71.6 charges at the beginning of each half-cycle.

When the power supply 716 stops charging during a half-cycle, the

charging current through the 5 power supply will drop to zero. Since the
[0¥efiing time/sfsthie Btraithwaveforhtinrought therprireryt windingoofathest changed
staGerenRh sensadansiamnenté 30tis vens ShoH (i@l thenvavefsmihastack.

high-frequency component), a current will flow in. the secondary of the

rent se etransf rmer when the SWItCh 504 is in position B
9?3 mple o%ﬁ e curre%] s%‘nse?r%n BrSFrer 73018 h S himBaE E%l@rﬁbﬁmggk

ev?ﬁtaﬁdqa@ﬁé'féaawe@‘é}?&'%ﬁ% (‘Et@ dglgted from the stack at the same time) at step 15310, Tf
there is a toggle event in the FIFO stack to handle at step 1312, the triac state will be toggled. At

step 1314, if the variable TRIAC_STATE is equal to OFF, then the variable TRIAC_STATE is set to
ON at step 1316. Otherwise, the variable TRIAC_STATE 1is set to OFF at gtep 1318, At step 1320,
the variables TRIAC_STATE, 1ST DETECT, and 2ND_DETECT are stored in the memory 726. The

process loops until there are no toggle events to handle at step 1312, at which time the process exits.

{0102] Fig. 14 is a flowchart of the startup process 1400 that the controller 814 performs at
power up, for example, if the controller 814 loses power while a connected three-way or four-way
switch is transitioning. Firsi, the controller 814 reads the variables TRIAC_STATE, 18T _DETECT,
and 2ND_DETECT from the memory 726 at step 1410. Next, the controller 814 checks the status of
the first current detect circuit 728 and the second current detect circuit 829 in the current detect
routine 1100. Next, the controller 814 determines whether to change the variable TRIAC_STATE in
the triac state routine 1200. Finally, the process exits to begin normal operation executing the state

control procedure 1000 of Fig. 10.
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[00871 The secondary winding of the current sense transformer 730 is

coupled across a resistor 732. The resistor 732 is further coupled

between circuit common and the negative input of a comparator 734. A

reference voltage is produced by a voltage divider comprising two

resistors 736, 738 and is provided to the positive input of the comparator

734. The output of the comparator 73433 15 tied to Vac through a resistor

740 and is coupled to the controller 714. When current flows through the

secondary winding of the current sense transformer 730, a voltage is
[019%duced aetbesthibe radiston7821tHat @xbeedsvtharefarence voliage2d 5eo.

Adeomparatemg3ddhendiives et;ha@uﬂomohowar&w@almg {acthe-contralierfid 4.
emmew%m%gge Q3R 0SR ANGENAENENY N CUIENT detect CCUIL 028, | 1orat of

fourpgtl}l(mmwgg()3 emente using an operational ampllfler or a discrete circuit
comprising Sh&"98"%r more transistors rather than the comparator 734.
[00881 Fig. 8 is a simplified block diagram of a four-way lighting control

[0 ¥ystem 800 hincludinighansmactfeoz-wey dimpetswiiehi802haccerding tur-way

apyneaaggﬁ%ﬂmmmuﬂ;%mmﬁ% BRGIWR IRTESWAY. SWIIENES 803 .., che
t%eb\/ﬁ] an C voltag source 806 and a Ilghtlng1 25 load

ot}%04w %?:a%mn %1 1cat eacribed ahove 1 a 1 other switches
6§ immer s repiaced the TSt WaY Shitc R A BE frithé

at PR Wh@ﬁt P EEtibihesyate it 180 ©f Fif I {00891 dPhetditinie P8DR laced
wigperatesory thesameprmiciplesiasthe dinmmeri02:0h FiguctA collOWENVek e smart

thmmmﬁr&% neludes.an @%@@Q@d%@(@%@%@%&hﬁ& 19QH9 Lﬁgelzoway or

foué %J}bggecc\ﬁll%¥ cr cuisﬁvgelzgggmgp% on (E‘Daef;l!)llr:ll% S elr?f e systerp mer 502 602, 702, or
immer 802 further comp I’ISGS secon chren elfgct Clrcult (sensing

S0%iteiityane f?f&fﬁ%déawrﬁa“sawéﬁ%h\élﬁﬁwﬁmﬁa@Ppnmgsfanéiﬁ?ot\hﬂegs less
chznesigivatan @ oontiolien 8171, Thelsecondrowrdntibetectueinguit:82Qtion costs and the

likopemtesiinthe.same-dpannenassthe first current detect circuit 728. When
current is detected flowing through the second current detect circuit 829,

theijcontroller 814 determines that the line-side three-way 35 switch 803 is

030Phosition BREHE elitr&ft i€fotming thistEr s ddeandegianer ourway or
mggteet cireiite 4h820pthe thieerway switch:808usin positiona@eFitishgresent
ineantiohes 8idnis able-tadeiprming:the - states ahbath the ne-sidet install in

exmf&eae@é&Nﬁ&é@%@&&%@@%ﬂ%@{&% wayswitgh 804 al q Bocsay

%O accordlngly When either three-way swi ch

- taigratﬁa thte t”%
1S 185 gIeT P S t0G6fa *Bhittoh OF e tier ﬂ%‘f&??é&é%ﬁe@t%%tﬁfafaag flygee way
sw&%&}é} a;ciqﬁs\ﬁﬁﬂ %@@%hgwr@mm@ﬂ@gﬁﬁp@m wiring of the other existing three-way

switches is avoided.

[0106] Furthermore, the various examples of three-way dimmers 502, 602, and 702
illustrated herein are esach shown as connected directly to the line-side of the lighting control
systems. Une of ordinary skill in the art will recognize that, in the alternative, the dimmers 502,

602, and 702 could be wired on the load-side of the systems.

[0107] Although the words “device” and “unit” have been used to describe the elements of
the lighting control systems of the present invention, it should be noted that each “device” and “unit’
described herein need not be fully contained in a single enclosure or structure. For example, the
dimmer 502 of Fig. 5 may comprise a plurality of buttons in a wall-mounted enclosure and a
controller that is included in a separate lecation. Also, one “device” may be contained in another
“dewvice”. For example, the semiconductor switch (i.e., the controilably conductive device) is a part of

the dimmer of the present invention.



5 load 808. [0090] Even though the four-way dimmer switch 802 has four
connections, the dimmer could be installed in a three-way system (in
place of the three-way dimmer switch 502 in Fig. 5A or three-way dimmer
switch 702 in Fig. 7A). One of the additional terminals DH2 or H2 would
not be 10 connected in the system 800. So, the dimmer 802 allows for a
single device that can be installed in axw location of a four-way or
three-way system without the need to determine in advance what kind of
switch the dimmer will be replacing. [0091] Fig. 9 shows a state diagram
(01980 summatizing!thie: operationotthenlightingdeontvel il Sesystem B00ofar

embrigindsnld {@éﬁa&taﬁﬁﬁyg)@gm %Aa@&@ﬂ%@%ﬁ@i@l&ﬂﬂﬁg e} Wﬂkpﬁs@@dmege apparent

to %&%esﬁ%d%? %%egtsgﬁgrgffo%h% htingl!?gxger%gcgn ou d. i%ﬁqu at?te gt%e sgecific

900 also shows four states 912 14, 916, 918 in whic esired stat
disgpsies R§Fitivig load 808 is off. A transition between states can be caused
by one of five actions: a toggle of the three-way switch 804 from position A
to position B (designated by B' in Fig. 6B), a toggle of the three-way
switch 804 from position B to position A 20 (designated by "A'), a toggle of
the three-way switch 803 from position C to position D (designated by
‘D), a toggle of the three-way switch 803 from position D to position C
(designated by 'C"), and an actuation of the toggle switch of the user
interface 720 (designated by "T") (or when a "toggle" signal is received via
the communication circuit 722). Note that in all. states of the state diagram
900, the triac 710 is operable to conduct current to the lighting load 808 to
control the state of the lighting 25 load independent of the states of the
three-way switches 803, 804. [0092] The state diagram 900 thus identifies
the status of the three-way switch 803, the three-way switch 804, and the
triac 710 (and thus the lighting load 808) for all possible states and shows
all the state transitions when the three-way switches 803, 804 are toggled
and the toggle 30 button of the user interface 720 is actuated (or when a
"toggle” signal is received via the communication circuit 722). [0093] Fig.
10 is a flowchart of a state control procedure 1000 of the controller 814 for
determining the state of the dimmer 802. The state control procedure
1000 runs periodically, for 35 example, approximately every 6msec. The
state control procedure 1000 includes a button 25



routine 1100, a current detect routine 1200, and a triac state routine 1300.
While the button routine 1100, the current detect routine 1200, and the
triac state routine 1300 are shown executing in sequential order in Fig.
10, these routines alternatively could each be called from different pieces
of software and each be executed at a different interval. 5 [00941 The
controller 814 utilizes a FIFO (first in, first out) stack to store requests for
the triac state routine 1300 to change the state of the triac 710. The
button routine 1100 and the current detect routine 1200 are both operable
to load an event (for example, a "toggle2®vent") into the FIFO stack. The
triac state routine loads these events from the FIFO stack and processes
the 10 events. In the discussion of Figs. 10 through 14, only toggle events
areldigelissed. However, other events, such as "increase intensity" or
"decrease intensity", could be loaded into the FIFO stack by other
routines (not described)..[00951 In the state control procedure 1000, the
cahtroer B TS S0 LS L IR & PR e e povve
1STHRE THET, anth2NDHRETHE Giglbatoksel stdiedtin thehreemarysv2oh Tihe
varir%%!e TVFéJ SHTATSUS_stores the conduction state of the triac 710, i.e.,
either ON'6r OFF:"PhE "Variables 1ST DETECT and 2ND DETECT store
the state of fine. firstocidrent deteeteintil 1628 anshifhggsecond current
detect circuit 829, respectively. The passible values for the variables
18T_DETE&%"8H8‘% fE‘JEH}/ 8¢ dr8ierrisetirmbhcatpisAt s Befdistesoond,

angifkitSh{vkeniedrsemt 2dhisonabReiesied) 008G AfloweNatbnductive state
describing the process of the button routine 1100 is shown in Fig. 11. At

StEp' 11T BB AT L ABERS thewgRfisberiBnp gl tiseesired
inteidaseof Fowlkihe deoplel Auttonds-bsinddressae & IR k2 dhGotiably

controller 814 will load a "toggle event" into the FIFO stack 25 at step
1994 B RY LTS proeedslini tbiufe bironiswbiabking pressdd Bednsd, the
14ddrdhenpreeaasc PR Rt IR0V L 112 S fIewelat Sf6 conductive

process of the current detect routine 1200. The outputs of the first current
détxiacdy et 2ot dee st cuiddhe deteeeeneiitiBeg arplebupibd docuit, a

SERALALS, AR INSIHELPULEOR fiegonitalier 814 Hhenever AnnpyLis

provided from the first current detect circuit 728, a first interrupt routine is
ekeleifeiths Sestddirsinad mehihgaland flagisimilarly, whenever
a sensing device electrically coupled to at least one of the second load
terminal and the third load terminal, the sensing device operable to sense an electrical
characteristic associated with the load terminal to which the sensing device is coupled;
a controller operably coupled to the controllably conductive device and to
the sensing device, the controller operable to control the controllably conductive
device in response to an output of the sensing device in accordance with the electrical
characteristic; and
a power supply electrically coupled in shunt electrical connection with the
controllably conductive device and operable to provide power to the controller, and
wherein the power supply is configured so that the mechanical single-pole double-
throw three-way switch does not require a jumper across the switch for the purpose of
supplying power to the power supply, the power supply receiving power from the
power source through the load when the mechanical three-way switch is thrown into

either of its two throw positions.



an input is provided from the first current detect circuit 728, a second

interrupt routine is executed to set a second current detect flag. 35 [0098]

Referring to Fig. 12, the first current detect flag is first checked at step

1210. At step 1212, if the first current detect flag has changed states, i.e.,

the new state of the first current 26 detect circuit is not equal to the value

stored in the variable 1ST_DETECT, the process moves to step 1214,

where a determination is made as to whether the present value of the

variable 1ST-DETECT is equal. to TRUE. If so, the variable

1ST-DETECT is set to FALSE at step -1216; otherwise, the variable

1ST-DETECT is set to TRUE at step 1218. Next, the controller 814 will

load 5 a "toggle event" into the FIFO stack at step 1220. [0099] After

loading a toggle event into the FIFO stack at step 1220, or after detecting

no change f stat §1e first current detect circuit 728 at step 1212, the

output of thé" secoﬁﬁ% URET Gatich 8&8@%29‘@%@&%5%%@3@2@2 At

stepbPR4; if theauiputvltbessecond current detect 10 circuit 829 has

changed states, i.e., the new state of the second current detect circuit is

not equal to the value stored in the variable 2ND_DETECT, a

determination is ﬁmﬁ@cﬁﬁlﬁ@ey\mﬁ%ﬁt@aﬁl&%eﬂzﬁaé@lﬂ%‘éf&ﬁ%}%@g‘ﬁg device

2ND-DETECT is equal to TRUE at step 1226. If so, the variable

2R BPH RSP TS EA FORDSE at step 1.228; otherwise, the variable

2ND-DETECT is set to TRUE at step 1230. Next, the controller 714 will

load a toggle event into the FIFO stack at step 1232 and. 15 exit. [0100]

At step 122%, if thd B%%Wth‘él@éﬁc&td%m@mmmmrgumm%a@mm

C r | h Qi Ioad a.toggle

o T T T S B SRS B

oftHerfaenstare o baie mg@mwirgtwaen@g@leoetzeﬁawmadémbfmmm&e and at
t tthe s e tlme at ste 310, I

tFrl%% %%ﬁ%gﬁé;geg\%%%ﬂgﬂ% &%ﬁsstac ci)shg?]d Peﬁi i@l‘ﬁl 3%{?56 e

starecilrves tomte deing g@spmamasftmgrwmhhimBwoﬁlﬁé\a%ﬁsﬁngwce to

tq, Ok then the variable TRIAC_STATE is set to ON at step 1316.

Otherwise, the variable TRIAC_STATE is set to OFF at step 1318. At step

1320, 25 the variables TRIAC_STATE, 1ST_DETECT, and 2ND-DETECT

are stored in the mem 726 Th ess |loops until there are no tog

events to h%:ndle rrflllt%steélp W %\/% ﬁlic Thé-tHE PFoe dus axirat sensing ge"‘ce

is operable to detect whether a chargmg current is flowing in the power supply.

0. The dimmer swiich of claim 5, wherein the sensing circuit is
operable to generate a control signal representative of whether the charging current is
flowing in the power supply and the controller is operable to change the conirollably

conductive device between the conductive and non-conductive states in response to

the control signal.

7. The dimmer switch of claim 1, wherein the controliably conductive

device comprises a bidirectional semiconductor switch.



[0102] Fig. 14 is a flowchart of the startup process 1400 that the controller
814 performs at power up, for example, if the controller 81.4 loses power
while a connected three-way or four-way 30 switch is transitioning. First,
the controller 814 reads the variables TRIAC_STATE, 1ST_DETECT,

and 2ND_DETECT from the memory 726 at step 1410. Next, the
controller 814 checks the status of the first current detect circuit 728 and
the second current detect circuit 829 in the current detect routine 1100.
Next, the controller 814 determines whether to change the variable
TRIAC_STATE in the triac state routinegg1200. Finally, the process exits to
begin normal operation executing the state 35 control procedure 1000 of
Fig. 10. 27 [0103] Although the embodiment of Fig. 8 shows two current

detect circuigs 728,182%irdeitionalsensging circuiig Sauld beigmplayed.
For example, a current detect circuit could be employed coupled in series

witf 84 iSRRG folil6vay dimmer switch 802 for a total of
four current detect circuits. 5 [0104] The smart dimmers 502, 602, 702,
and 802 are useful in three-way and four-way applications without the

requirementof repiel§rilrmecs it fsiaianés e ainyhedidiset iiommb
otherswitaling é%@%ﬁﬁnﬁ@y ke ppicaiensHeseihe QHaﬂﬂl\{gelri]e@ceonnection.

prior art, all other switches at other switching locations in the same
three-way or four-way circuit do not have to be replaced 10 with an

accessory dipmerrAcaardingivie Bresent eRligndaRaleduced cost

Only one smart three-way or four-way dimmer need be pturchased and

the existing sfitshasigative tireeiedyntrd fourcovane switching tiduiti neraiirro!
fuilllxoqgﬁﬁa&;pnal. By installing a single dimmer 502, 602, 702, or 802, less
time is required for installation, thereby reducing installation costs. Also,
there is lessvbbincéhotentoridnimspatiation(ecgtrohistakestiol wWhlingdnductive

further reducing jnstallation costs and the .15 likelihood of damaging and
re(gpﬁ\élgi%bnﬁ%lrel g f&%%ﬁ'%%?%ﬁ%%%’r%%f%& 702, and 802 are
configurable as three-way or four-way (or multi-way) switches that

improve upqn prior.art smart dimmers,. In accordance with the present,
invention, tk?e1 'dimr@?s%ﬂ%lﬁﬁ%@%é%ﬁ@ng%g %ﬁﬁﬁiﬁ%@?ﬁﬁat%mwt
easieivta thstakbdnn20 wxisting. etegisigdt systehng than prior art smart
dimmers providing three-way and four-way

12. The dimmer switch of claim 10, wherein the communication circuis

recelves the message via an RF communication link.

13. The dimmer switch of claim 10, wherein the communication circuit

recelves the message via a wired communication link.

14, The dimmer switch of claim 1, further comprising:
a communication circuit adapted to transmit a message including feedback
information representative of the state of the controllably conductive device and the

output of the sensing device.



switching functionality. For example, users are not required to replace
other existing three-way switches with accessory dimmers. Moreover,
modifications to wiring of the other existing three-way switches is
avoided. 25 [0106] Furthermore, the various examples of three-way
dimmers 502, 602, and 702 illustrated herein are each shown as
connected directly to the line-side of the lighting control systems. One of
ordinary skill in the art will recognize that, in the alternative, the dimmers
502, 602, and 702 could be wired on the load-side of the systems. 30
[0107] Although the words "device" and3unit" have been. used to describe
the elements of the lighting control systems of the present invention, it
should be noted that each "device" and "unit" described herein need not

be fully Comwned fha singleenClasLee LBl ueiurge ERF §XRBINIGuIN  ion circuit
{nnsm : of F%% 5 may comprise a plurality of buttons in a
BB B8 BRSSPI CORtYE=iR [8lhcluded in a separate
Iocatlon Also, one "device" may be contained in another 35 "device". For
example, the semiconductor switch (i.e., the controllably conductive

device) is a fart of MeltFerGithelasentdnviatun 128cqon0stication circuit
Altbeughsthe presept NventiaRas e desarifgd 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 hauichALOgimitee By ihe SoagIc. issiosure herein.
-29- CLAIMS 1. A dimmer switch adapteoi to be cg}ué edntgmmﬁcwt

including a peWEIORGIERed tpdek eardrallerechanical single-pole

double-throw three-way switch, the dimmer switch comprising: first,

second, and third electrical load terminals; a controllably conductive

device electieally Eouieune tvetfibstf sécontl], sidithirdieackiesminalsperable

O D R N & B o Sy

controllably con device is controfie a8t
conductive device and the output of the sensing device.

19 The dimmer switch of claim 18, wherein the controller is operable

to recall the state information from the memory at power up.

20. The dimmer switch of claim 1, further comprising:

a visual display for providing feedback to a user of the dimmer switch.

21. The dimmer switch of claim 20, wherein the visual disptay

comprises a plurality of light-emitting diodes.

22. The dimmer switch of claim 1, wherein the controller comprises a
MICIOProcessor.
23, The dimmer switch of claim 1, further comprising:

an actuator;

wherein the controller controls the controllably conductive device in



amount of power to the load and a non-conductive state in which the
controllably conductive device is controlled so as to deliver substantially
no power to the load, the controllably conductive device arranged such
that when the controllably conductive device is in the conductive state,
and the dimmer switch is coupled to the circuit, a current to the load flows
between the first terminal and the second terminal or between the first
terminal and the third terminal; a sensing device electrically coupled to at
least one of the second load terminal and the third load terminal, the
sensing device operable to sense an elggtrical characteristic associated
with the load terminal to which the sensing device is coupled; a controller
operably coupled to the controllably conductive device and to the sensing
devigentbeccanielignaperaieda.eentrol the controllably conductive
device in response to an output of the sensing device in accordance with
the electrical characteristic; and a power supply electrically coupled in

shunt electrical conmgcianwittthen seriraliaply sensdugive deviga ands »
operable to provide power to the controller, and wherein the power supply

isltaningURad apdti sretibenameatablsgrecesleolduendusivhieie aidie

SWilchA08E RehLIsgHIE R PR AT e Switeh:for fhe Py B%Sﬁ%

: _ ?Jinrg load.
supplying power to the power supply, the power supply receiving powe

from the power source through the load when the mechanical three-way

switch s thryn intg, Eifighof (SiORIANPPSONS: :305, 2 The dimmer
switch of claim 1, wherein the sensing device "'comprises Breivrent
sensing devideugh Ehatdisnhexdstwitomalf elaim. 2, wherein the current

sensing devicg. SOMRISER AUISHLIANSIONDEN & BN AUIMEr SWHENL 10
claim 3, wherein the curre%t ransformer cgmp Ses a primary windi gh&

atsevondanyl Windinght e timanyalyitdingrdhthéedueremirtislasfosenes beiagnd
C%Fé%'[?%a %%tea%?eltrps & gsnst(ggfla ﬁ? y\?\%a'lngl% g\e{ %%n\/iﬁlealatgdw%tlch the second sensing
device 1s coupled;
wherein the controller is coupled to the second sensing device and is
operable to control the controllably conductive device in response to an output of the
second sensing device in accordance with the second electrical characteristic; and
wherein the controllably conductive device is arranged such that when the
controllably conductive device is in the conductive state and the dimmer switch is
coupled to the circuit, current to the load flows between the first load terminal and one
of the second load terminal and the third load terminal, or between the fourth load

terminal and one of the second load terminal and the third load terminal, depending on

the oufput of the second sensing device.

20. A dimmer switch adapted to be coupled to a circuit including a
power source, a load, and a mechanical single-pole double-throw three-way switch,
the dimmer switch comprising:

first, second, and third electrical load terminals:

a first controllably conductive device having a conductive state in which

the first controliably conductive device is controlled so as to deliver a desired amount



least one of the second and third load terminals, and the secondary
winding of the current transformer being coupled so as to provide the
output of the sensing device to the controller. 5. The dimmer switch of
claim 4, wherein the current sensing device is operable to detect whether
a charging current is flowing in the power supply. 6. The dimmer switch of
claim 5, wherein the sensing circuit is operable to generate a control
signal representative of whether the charging current is flowing in the
power supply and the controller is operable to change the controllably
conductive device between the conductise_and non-conductive states in
response to the control signal. 7. The dimmer switch of claim 1, wherein
the controllably conductive device comprises a bidirectional

SRMILONGUSTOE SWHChd 3T 8- JHM MR SLENHGHA CIIN B ERIN P8 e tive

bidirectional semiconductor switch comprises a triac. 9. The dimmer

sWittHOP ARIRCr A rsitP e iiraEaGAER Seinieontnieohelioeh the first
CEHFIIRD VR iRl Rtart HaNIRiRS. N Rt e FRBRAGtPRs: A TS ninal and

dimmer switch of claim 1, further comprising: a communication circuit

afpieerts #@é@i&?g@rﬂﬂb%&g@qhmh@ma@cémr@q}rm@rbhﬁ&timdm@veiﬁemee is in
contrllerisepsrakleta apniialihe QQHHPJM}{;HQ@%'B{W girg?#lgﬁr I Lrent (o the

dependence on the control information. 11. The dimmer switch of claim

16AbHsrE P Gonhia divic dsivhterreliel raceibe sctvadriesdageniialan IR

communicaQp. it ot ABIMAL SV ORI, WARIEI NS in which

communication circuit receives the message via an communication

lifke $omAsdirmiehswitstuofietadey k8, ivtereid] tles cormupivationi elionit

"SaNGS OFINEPRER YRLWY §H SRTRANERINNS which the second
controllably conductive device is controlled so as to deliver substantially no power to
the load, the second controllably conductive device electrically coupled between the
first load terminal and the third load terminal such that when the second controllably
conductive device is in the conductive state, and the dimmer switch is coupled to the
circuit, the current to the load flows between the first load terminal and the third load
terminal;

a controller operably coupled to the first and second controllably
conductive devices and operable to cause the first and second controllably conductive
devices to be in one of the conductive and non-conductive states; and

a power supply electrically coupled to the first, second, and third load
terminals and operable to provide power to the controller, said power supply
configured to receive power from the power source through the load and the
mechanicai single-pole double-throw three-way switch to provide power to the
controller when the mechanical single-pole double-throw three-way switch is
switched into either of its two switch throw positions, without requiring a jumper

across the switch.

27. The dimmer switch of claim 26, further comprising:

a first sensing device electrically coupled to the second load terminal and



14. The dimmer switch of claim 1, further comprising: a communication
circuit adapted to transmit a message including feedback information
representative of the state of the controllably conductive device and the
output of the sensing device. -32- 15. The dimmer switch of claim 14,
wherein the communication circuit transmits the message via an RF
communication link. 16. The dimmer switch of claim 14, wherein the
communication circuit transmits the message via a wired communication
link. 17. The dimmer switch of claim 1, further comprising: a memory
coupled to the controller. 18. The dimmegswitch of claim 17, wherein the
controller is operable to store in the memory state information
representative of the state of the controllably conductive device and the

output ok thessensingrdayics: 49 cihadimmer switch-at.claim 4 8. WhE s Iy

the controller is operable to recall the state information from the memory
at oW L0, The dimmer switch of claim 1, further comprising: a visual

display for pe[%¥&ﬁﬁl9s@ﬁqw&ﬁgeae}é%ﬁ{c%ﬁhgoqm% Switghy %]ad-lt-el%nnai and

dimmer switch of claim 20, wherein the vistal display comprises a
pIW@JIRSﬂ@fCH@WSémﬁﬁ@@ld|@G@SICBQC%@Cmmfﬁea$mt@‘n3@mta|theldmd Joad
in, }he controller comprises a microprocessor. 23. The dimmer
SW|tch of claim 1, further comprising: an actuator; wherein the controller

controls thevcb@‘m@lI&hly%@r@bcmwemn@tmsﬁﬁyqiekpd“nsewu)iaﬁcond

inthe . .
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load comprises a

accordance with the first electrical characteristic and in response to an output of the

second sensing device in accordance with the second electrical characteristic.

28.  The dimmer switch of claim 27, wherein the first sensing device is
coupled in shunt electrical connection with the first controllably conductive device
and the second sensing device is coupled in shunt electrical connection with the

second controtlably conductive device.

29.  The dimmer switch of claim 28, wherein the first sensing device
comprises a first impedance coupled in series electrical connection between the first
load terminal and the second load terminal, and the second sensing device comprises a
second impedance coupled in series electrical connection between the first load
terminal and the third load terminal;

wherein the controller is responsive to a first voltage produced across the

first impedance and to a second voltage produced across the second impedance.

30.  The dimmer switch of claim 28, wherein the first sensing device
comprises a first optocoupler having an input photodiode coupled in series electrical
connection between the first load terminal and the second load terminal, and the
second sensing device comprises a second optocoupler having an input photodiode

coupled in series electrical connection between the second load terminal and the third



lighting load and the controller is operable to control the conductive state
of the controllably conductive device so as to control a dimming level of
the lighting load. 25. The dimmer switch of claim 1, further comprising: a
fourth electrical load terminal; and a second sensing device electrically
coupled to at least one of the first load terminal and the fourth load
terminal, the sensing device operable to sense a second electrical
characteristic associated with the load terminal to which the second
sensing device is coupled; wherein the controller is coupled to the second
sensing device and is operable to contry the controllably conductive
device in response to an output of the second sensing device in
accordance with the second electrical characteristic; and wherein the
c%ﬁﬁqﬁ;@l@lm@@nductive device is arranged such that when the controllably
conductive device is in the conductive state and the dimmer switch is

coupled to HETFELHSEATEARLES thECTBEFTINS BRANERS hersrirsbaptocoupler

teiml@gl@ﬂg{@@gﬁ@fg‘g&iﬁpgmdggglt_erm|nal and the third load terminal,
or between the fourth load terminal and one of the second load terminal
and the third load terminal, depending on the output of the second
sensing devige. ZGT&Q&Eﬁm&rs%w&‘ffb@g?a%?@iov@?eﬁ‘?h'%%%%%rﬁi@é%nd
including a power source, a load, and a mechanical single-pole
dé@ﬁ@&%%ﬂﬁ@é%ﬁ%ﬁﬁéﬁt sgsingdmeeswitch comprising: first,
second, and third electrical load terminals; a first controllably conductive
device having a conductive state in which the first controllably conductive
device is cofdrolled ko digitocdetivsha tidsirad Armdunti:Bidic o ponertsithe
Io&q“@ggc%]q Hs% %%I[IY% %% Qrsyvhlch the controllably conductive
device Is co troII S0 as to deliver substantially no power to the load, the
first controllably conductive device electrically coupled between the first
load termlnggand fl}wle gecond Ioatd ter nal 3“/‘3?mat when the first

TOTHLEr SWILCh O alm €T Comprisinig.
controllably conductive device | P &

a communication cm:mt adapted to transmit a message mcluding feedback

information representative of the states of the first and second controllably conductive

devices and the outputs of the first and sccond sensing devices,

34, The dimmer switch of claim 33, wherein the communication circuit

transmits the message via an RF communication link.

35, The dimmer switch of claim 33, wherein the communication circuit

transmits the message via a wired communication link.

36.  The dimmer switch of claim 27, further comprising:

a visual display for providing feedback to a user of the dimmer switch.

37.  The dimmer switch of claim 36, wherein the visual display

comprises a plurality of light-emitting diodes.



the conductive state, and the dimmer switch is coupled to the circuit, a
current to the load flows between the first load terminal and the second
load terminal; a second controllably conductive device having a
conductive state in which the second controllably conductive device is
controlled so as to deliver a desired amount of power to the load and a
non-conductive state in which the second controllably conductive device
is controlled so as to deliver substantially no power to the load, the
second controllably conductive device electrically coupled between the
first load terminal and the third load terminal such that when the second
controllably conductive device is in the conductive state, and the dimmer
switch is coupled to the circuit, the current to the load flows between the

first load tertsinal ang g iiciciath deuninak 2 GIRINROBSIABNE: is operable
couEIed t first {ﬁnd second controllably conductive devices and

th
oPeFABIEtY CRUSS tHEM Y ShTarsbeaEr HahtraiRislycsshdiseings ladsices to
beiinaagcof inerrandctive ANch YRR IYE BIRIESH AN R PEWE e foad.

supply electrically coupled to the first, second, and third load terminals
and operable to provide power to the controller, said power supply

configured toyreceive-RRNAIAN AR POWRE SBUFGRHroLigh ihe Joad and

the mechanical single-pole double-throw three-way switch to provide

power to thé CeaHtremEAHer e fibetahicareme-polssdpublduhgeontrol
thregway,awitch is switched into either of its two switch throw positions,
without requiring a jumper across the switch. 27. The dimmer switch of

claim 26, furtheetbthp eieivity! afisstrmeabin godevivel electrisallyicaupted to

the mraBnd ABAARIDAL ARG P ahRrARie 40 AEnse AUlst Slealica
characteristic associated with the Second 16ad termina - and'd'6é88nd

sensing device electrically coupled to the third load terminal and operable

to sense & 3gCond QeI HRRRS PGSO URS A e g oA ircuis

recelves the message via an IR communication link,

41. The dimmer switch of claim 39, wherein the communication circuit

receives the message via an RF communication link.

A2 The dimmer switch of ¢laim 39, wherein the communication circuit

recetves the message via a wired communication link,

43. The dimmer switch of claim 26, wherein the first and second

controliably conductive devices comprise bidirectional semiconductor switches.

44. The dimmer switch of claim 43, wherein the bidirectional

semiconductor switches comprise triacs.

45, The dimmer switch of ¢laim 43, wherein the bidirectional

semiconductor switches comprise two field-effect transistors in anti-series connection.



terminal; wherein the controller is operable to control the first and second
controllably conductive devices in response to an output of the first
sensing device in accordance with the first electrical characteristic and in
response to an output of the second sensing device in accordance with
the second electrical characteristic. 28. The dimmer switch of claim 27,
wherein the first sensing device is coupled in shunt electrical connection
with the first controllably conductive device and the second sensing
device is coupled in shunt electrical connection with the second
controllably conductive device. 29. The gimmer switch of claim 28,
wherein the first sensing device comprises a first impedance coupled in
series electrical connection between the first load terminal and the
second load terminal, and the second sensing device comprises a

second impedance coupled in series electrical connection between the
first load teffinal BHUHRIRT MBS tErinaR G Aetbis thepormslemignory
respenRaive e aditgbueltage produced across the first impedance and to a
second voltage produced across the second impedance. 30. The dimmer
switch of claim 28, wherein the first sensing device comprises a first
optocoupleg having @ndnptPRQIREigge sayRId in.ares elgl(]:éth%lr is operable
connection between the first load terminal and the second loa ?ermlnaf?
alfcFipis 8dbemEBEYiHg e dviesretmprivessanseconel diptotoapldithading and
an R4 LRARIRCINJ. AR giﬁ\%gg s electrical connection between the
second load terminal and the third -36 - load terminal; wherein the
controller is responsive to an output of the first optocoupler and an output

of the secopg optagoupler. 31. The dimmer switch of claim 27, wherein
the first and s'ecor?g es(g]nslllrl'l%r %I‘&%?’e%@o%%riis\% RIEH DS nE it erable

32.:Ftvel dinpiee switioh i drmmBthewteneiy theeuerant. sensing

49. The dimmer switch of claim 26, wherein the controller is operable
to control the first and second controllably conductive devices to be conductive in a
complementary basis, such that when the first controllably conductive device is
conductive, the second controllably conductive device is non-conductive, and when
the second controllably conductive device is conductive, the first confrollably

conductive device is non-conductive.

50. The dimmer switch of claim 26, wherein the controller comprises a
MICIOProcessor.
Sl The dimmer switch of claim 26, further comprising:

an actuator;

wherein the controller controls the first and the second controllably

conductive devices in response to an actuation of the actuator.

52. The dimmer switch of claim 26, wherein the load comprises a

lighting load and the controller is operable to control the conductive states of the first



devices comprise current transformers. 33. The dimmer switch of claim
27, further comprising: a communication circuit adapted to transmit a
message including feedback information representative of the states of
the first and second controllably conductive devices and the outputs of
the first and second sensing devices. 34. The dimmer switch of claim 33,
wherein the communication circuit transmits the message via an RF
communication link. 35. The dimmer switch of claim 33, wherein the
communication circuit transmits the message via a wired communication
link. 36. The dimmer switch of claim. 273%urther comprising: a visual
display for providing feedback to a user of the dimmer switch. 37. The
dimmer switch of claim 36, wherein the visual display comprises a
plardlibe ofdightiemiitihgediobiesve3ivaRs Thedinmersivit¢imabelaiey 7 the

erf%!i?in t %dcontroller is operable to control both the first and second
co

réﬂgb?y conductive devices to be simultaneously non-conductive so
as to deliver substantially no power to the load. 39. The dimmer switch of

claim 26, further c rising: a commuynication circuit adapted to receive a
message iné%dingz:gc?nci]rl&l% SPHE 8%0 élqn‘f” TEBh PSR oERB IS

taccoplrol shadisst anthaeconticoniiolably epadusive davieas terminal through a
degen%e 1ce on the control information. 40. The dimmer switch of claim

WH Fg‘ljﬁ??he communication circuit receives the message via an IR
communication link. 41. The dimmer switch of claim 39, wherein the
communicat_i%n circLﬁit receives the message via an RF communication

link. 42. The immer SR BrEAHTh 2L AR e LB ERHBARIbI difctait
reneives bR Mess3e& HiBsMEgH CABIUNIEAIRNHNKhL wherein the dimmer

switch and first and second single-pole double-throw switches are configured as a four
way switching circuit, the dimmer switch further comprising:

a fourth electrical load terminal;
and wherein

the controllably conductive device is arranged such that when the
controllably conductive device is in the conductive state, and the dimmer switch is
coupled to the circuit, a current through the load flows from one of the load terminals
connected to the first switch to one of the load terminals connected to the second
switch further wherein:

the sensing device comprises a first sensing device electrically coupled
across the load terminals connected to the first switch and adapted to carry the load
current through one of the load terminals connected to the first switch, the first
sensing device operable to sense a first electrical characteristic associated with a load
terminal connected to the first switch; further comprising;

a second sensing device electrically coupled across the load terminals
connected to the second switch and adapted to carry the load current through one of
the Joad terminals connected to the second switch, the second sensing device operable
to sense a second electrical characteristic associated with a load terminal connected to

the second switch and wherein;



43. The dimmer switch of claim 26, wherein the first and second
controllably conductive devices comprise bidirectional semiconductor
switches. 44. The dimmer switch of claim 43, wherein the bidirectional
semiconductor switches comprise triacs. 45. The dimmer switch of claim
43, wherein the bidirectional semiconductor switches comprise two
field-effect transistors in anti-series connection. -38- 46. The dimmer
switch of claim 26, further comprising a memory coupled to the controller.
47. The dimmer switch of claim 46, wherein the controller is operable to
store in the memory state information refiresentative of the states of the
first and second controllably conductive devices. 48. The dimmer switch
of claim 47, wherein the controller is operable to recall the state

information fhoroitiethemanycaitioweasoupod theldra@imimer swidabiRi:claime in
26 Wherel'ln the c%)ntrolfl(gaj‘r iS oéperable té) control the first and second
&

CORtrOMtabl BRI fi s T BELORdEcave i auaBihpldhiariary! sensing

basigcsuch that when the first controllably conductive device is
conductive, the second controllably conductive device is non-conductive,
and when the second controllably conductive device is conductive, the

first controllably camdustiecdevitens Narneonduetive: PheThe: dNetnd
switch of claim 26, wherein the controller comprises a microprocessor.

5 TP G fe QRSB IETH S8ISHikA&Y IE8Mmprising: an actuator:
wherein the controller controls the first and the second controllably
conductive devices in response to an actuation of the actuator. 52. The

dimmer switth of claffiBemiherdiTpecisln Edmhwes thaifringroag drmit is
the, centealierdsenerahle eRaBIrabing CRRAUEIYR SteH oG TSt current is
flowing through the first current sensing device, and the second sensing circuit is
operable to generate a second control signal representative of whether a second
current is flowing through the second current sensing device;
wherein the controller is operable to change the controllably conductive

device between the conductive and non-conductive states in response to the first

control signal and the second control signal.

57. The dimmer switch of claim 1, wherein the sensing device is operable
to sense electrical continuity between the hot connection and the neutral connection of the

power source through the controliably conductive device and the load.

58. A method for controlling a load in a circuit comprising a power
source, the load, a dimmer switch, and a single-pole double-throw three-way switch,
the method comprising the steps of:

providing first, second, and third electrical load terminals on the dimmer
switch;

clectrically coupling a controllably conductive device to the first, second,
and third load terminals, the controllably conductive device having a conductive state

in which the controliably conductive device is controlled so as to deliver a desired



-39 and second controllably conductive devices so as to control a
dimming level of the lighting load. 53. The dimmer switch of claim 26,
wherein the power supply is coupled to the second terminal through a first
diode and to the third terminal through a second diode. 54. The dimmer
switch of claim 1 adapted to be coupled to a circuit further including a
second single-pole double-throw switch wherein the dimmer switch and
first and second single-pole double-throw switches are configured as a
four way switching circuit, the dimmer switch further comprising: a fourth
electrical load terminal; and wherein thélcentrollably conductive device is
arranged such that when the controllably conductive device is in the
conductive state, and the dimmer switch is coupled to the circuit, a

currenithrbpighdhe thadoidwsdronoooenattie doasderminals 1eopnaciadsly
inals connected to the second

to the first switch to one of the load ter, _ 7 _
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device electsicalbycougitetdiatrassdherload demvinalswnanewed tadhe first
d current through one of the load

switch and adapted to catry the load .

terming Eoggﬁﬁr&t’é%i ?84H%%fﬁ§{%gﬂ?gﬁ?’fﬁ’é“ﬁﬂs?”§ensing device operable

to sense a firsielioidaat coaragleristicassasiated with dladi Aerminal (e

conne§te to,'g%ja first switch; further comprising; a second sensing device
i

& RSB e O S ES e s ad ek rshaien [ rprsthdbetdp pid loapohidween the

switahaadagapieitoratssdhe leadeHrenl thraugh-ane efrthedaderminal and
terminals connected to the second switch, the second sensing device

opsTEHIg e dsnuualsdusher srapmisarE REPsiIkDSstiBorsoRInRSY Shdttrigally
|loag feraninaheoneated oo e SREORHSMICR AR Me QIR i#ve device and

operable to provide power to the controller, and further wherein the power supply is
configured so that the single-pole double-throw threc-way switch does not require a
Jumper across the switch for the purpose of supplying power to the power supply, the
power supply receiving power from the power source through the load when the

mechanical three-way switch is thrown into either of its two throw positions.

59. The method of claim 58, wherein the step of sensing comprises

sensing a current through one of the second load terminal and the third load terminal.

60. The method of claim 59, further comprising the step of:
coupling a current transformer in series electrical connection with at least

one of the second load terminal and the third load terminal.

61l.  The method of claim 60, further comprising the step of:
coupling a power supply in shunt electrical connection with the
controliably conductive device;
- wherein the step of sensing further comprises detecting whether a charging

current of the power supply is flowing through the current transformer.



the controller is operable to control the controllably conductive device in
response to an output of the first sensing device and an output of the
second sensing device. 55. The dimmer switch of claim 54, wherein the
first and second sensing devices comprise current sensing devices. 56.
The dimmer switch of claim 55, wherein the first sensing circuit is
operable to generate a first control signal representative of whether a first
current is flowing through the first current sensing device, and the second
sensing circuit is operable to generate a second control signal
representative of whether a second cur2nt is flowing through the second
current sensing device; wherein the controller is operable to change the
controllably conductive device between the conductive and
non-conductive stéfbs mmerespofiskiia thie firsheeontrpkrigaharether
second confral signal. 57. The dimmer switch of claim 1, wherein the
sensing device is operabie’ 10 sense SIECHial tHh inij’l‘ff}lﬁ‘éfWe‘ékﬁ”Eﬁ’@%‘é‘t‘mm
contiestionthnad ghelreutrahcannebiiorof the power source through the
controllably\gppductt_li]v)e gevi e and Ehe load. 58. A method for controlling a
load in a circUt COMPHSIFY A FEWETIB8IRES AHEOIRNY Sasibretiits

anchapsinglehpoiendobible-thrawiireenviay: switehic dRermethad cCOmMRISINGs (e
the %?g)s of:(})rovidin%first, second, and third electrical load terminals on

8 GRS ST Skt i BB ShesRIFGRABI @bnductive device

to the first, second, and third load terminals, the controllably conductive
device havip}%a coqductive state in which the controllably conductive

device is cohtrolled SoraheRIara Hesaereimthy s Bbpovrardus e

|leiadiancompap: canddiciveosiateimmhich-thesgepiollably conductive
device is controlled so as to deliver substantially no power to the load;
sensing an electrical characteristic associated with at least one of the

64, The method of claim 63, wherein the bidirectional semiconductor

switch comprises a triac.

65, The method of claim 63, wherein the bidirectional semiconductor

switch comprises two field-effect transistors in anti-series connection.

66. The method of claim 58, further comprising the step of:
receiving a message including control information;
wherein the step of controlling the controllably conductive device

comprises controlling the controllably conductive device in response to the controf

information.

67.  The method of claim 66, wherein the step of recejving the message

comprises receiving the message via an IR communication link.

08.  The method of claim 66, wherein the step of receiving the message

comprises receiving the message via an RF communication link.



second load terminal and the third load terminal; and controlling the
controllably conductive device in accordance with the sensed electrical
characteristic, such that a current through the load flows between the first
load terminal and the second load terminal, or between the first load
terminal and the third load terminal, further comprising providing a power
supply electrically coupled in shunt electrical connection with the
controllably conductive device and operable to provide power to the
controller, and further wherein the power supply is configured so that the
single-pole double-throw three-way swit¢h .does not require a jumper
across the switch for the purpose of supplying power to the power supply,
the power supply receiving power from the power source through the load

when the nféchanitiat thedextvactitabsistheesniintogitberQbits iwe,e message
thggl\%/}r}g)ositions, 59, ;Ihhe method of claim 58, wherein the step of sensing
[

comprises sensing a currantahrotign ghe SrTHR LACSIE I terminal and
the third load terminal. 60. The method of claim 59, further comprising the
step of: cou%ing a u\rren@trgggfcgmer in series electrical connection with
at least oné of the'SECBRU R EARMAr SHdhe R iRoRe Hesrminpat (61,

The methodrehaianing0, fuihelGaeNISINE:aBSIem Rfin LoURNNG ALOWST . o ¢
SHPeps%{Q S&llmt elec(tgrh(é%l connection with the controllably conductive

device: WRer T I UIAR B S HYCrdrrier abiprrseY aEtbetiy whetheng
charging current of the power supply is flowing through the current
transformer, -42- 62. The method of claim 61, further compri sing the step

of: generatifly a cORrBILRsHATElsiasERathson Wisetsp otenobmiting the
cutaentds Sopingepuahiie o ieRLIANSIOURAL WORIRIN 106, S(ER. o

controlling the controllably conductive dévice comprises changing
controllably conductive device between the conductive state and the

non-conductive Stqtl?eiﬂlémﬁatﬁlma%%F&lnsgggalep of transmitting the

message comprises transmitting the message via a wired communication link.

73. The method of claim 58, further comprising the step of:

storing in a memory state information representative of the state of the

controllably conductive device and the sensed electrical characteristic,

74, The method of claim 73, further comprising the step of:

recalling the state information from the memory at power up.

75. The method of claim 58, further comprising the step of:

providing feedback to a user of the dimmer switch via a visual display.

76, The method of claim 75, wherein the visual display comprises a

piurality of light-emitting diodes.

77. The method of claim 58, wherein the step of controiling the

controllably conductive device further comprises controlling the controllably



63. The method of claim 58, wherein the controllably conductive device
comprises a bidirectional semiconductor switch. 64. The method of claim
63, wherein the bidirectional semiconductor switch comprises a triac. 65.
The method of claim 63, wherein the bidirectional semiconductor switch
comprises two field-effect transistors in anti-series connection. 66. The
method of claim 58, further comprising the step of, receiving a message
including control information; wherein the step of controlling the
controllably conductive device comprises controlling the controllably
conductive device in response to the comrol information. 67. The method
of claim 66, wherein the step of receiving the message comprises
receiving the message via an IR communication link. 68. The method of

cladni6éi; vehrseire theraiemal (eeeiNnGHa BIRSSAYR SO BINHSESHAEIVInGch.
the message via an RF communication link. -43- 69. The method of claim

66, wherein the step of receiving the message comprises receiving the

message viag wirathearmmunigation ik Qe Thamethed of shim éﬁémmg load
further comprising the step of: transmitting a message including feedback

P roSbitthive bt e atlahlotnd e BRaisty Rafiancprises
devies,ang ancessitiobdbe siep Afisersing kb hemethedel £lai A0y, control

wherein the step of transmitting the message comprises transmitting the
n?e%@%@@’gi?‘é RERGI#AuNication link. 72. The method of claim 70,
wherein the step of transmitting the message comprises transmitting the
message via a wired communication link. 73. The method of claim 58,

further comprising The Biehask ofsebimigd h atrﬁeqmrmgfmgﬁfmmmf :
representatiyg Qfithe Sttt iba fontlpRinaRRducve SeYice Mgcg] Gnd

sensed electrical characteristic. o ' .
sensing a second electrical characteristic associated with at least one of the

first load terminal and the fourth load terminal;
wherein the step of controlling the controllably conductive device further
comprises controfling the controllably conductive device in accordance with the

sensed second electrical characteristic.

80. The method of claim 58, further comprising providing the
controllably conductive devices as first and second controllably conductive devices,
further comprising:

electrically coupling the first controllably conductive device between the
first load terminal and the second load terminal, the first controllably conductive
device arranged such that when the first controllably conductive device is in the
conductive state, a current through the load flows between the first load terminal and
the second load terminal;

electrically coupling the second controllably conductive device between
the first load terminal and the third load terminal, the second controliably conductive
device having a conductive state in which the second controllably conductive device is
controlled so as to deliver a desired amount of power to the load and a non-conductive

state in which the second controllably conductive device is controlled so as to deliver



74. The method of claim 73, further comprising the step of: recalling the
state information from the memory at power up. 75. The method of claim
58, further comprising the step of: providing feedback to a user of the
dimmer switch via a visual display. 76. The method of claim 75, wherein
the visual display comprises a plurality of light-emitting diodes. 77. The
method of claim 58, wherein the step of controlling the controllably
conductive device further comprises controlling the controllably -44-
conductive device in response to an actuation of an actuator of the
dimmer switch. 78. The method of clain¥$8, wherein the load comprises a
lighting load and the step of controlling the controllably conductive device
further comprises controlling the conductive state of the controllably

coniligiive iderieR §e:as tacioadaha mnunrasavel0fkeeadiviicdh& arranged
of claim 58, further comprising the steps of. providing a fourth

metho r ‘ ‘
et RSP B O ARG HHCHS BV s B SeaRefive state

eletrioateharagterisiic aapaeiated witbah e ast:opei ot then firstdaad third 10ad
terminal and the fourth load terminal; wherein the step of controlling the

cSAPONEbRMonductive device further comprises controlling the
controllably canductyendawigein acHanseNithithe sePsed BREOY, ciween

electrical characteristic, 80. The method of claim 58, further comprising
pHOY RARGIHE Sopis SMATkE dBRdiRke des itals as first and second
controllably conductive devices, further comprising: electrically coupling
the first controllably conductive device between the first load terminal and
the second $dad te¥ﬁﬁﬁﬁﬁﬂﬁﬁé fit stashtfollapiyes sawetires deviteparrfinged

such that wheg;thefirst controliably.conductive device s pthe, condyctiye
state, a Icurrgznt through the load flows between the first load terminal an
terminal; an

sensing a second electrical characteristic associated with the third load
terminal;

wherein the step of controlling the first and second controllably conductive
devices comprises controlling the first and second controllably conductive devices in

accordance with the sensed first electrical characteristic and the sensed second

¢lectrical characteristic.

82, The method of claim 81, further comprising the steps of:

coupling a first sensing device in shunt electrical connection with the first
controllably conductive device for sensing the first electrical characteristic; and

coupling a second sensing device in shunt electrical connection with the

second confrollably conductive device for sensing the second electrical characteristic.

83.  The method of claim 82, wherein the first sensing device comprises
a first impedance coupled in series electrical connection between the first load
terminal and the second load terminal, and the second sensing device comprises a
second impedance coupled in series electrical connection between the second load

terminal and the third load terminal;



the second load terminal; electrically coupling the second controllably
conductive device between the first load terminal and the third load
terminal, the second controllably conductive device having a conductive
state in which the second controllably conductive device is controlled so
as to deliver a desired amount of power to the load and a non-conductive
state in which the second controllably conductive device is controlled so
as to deliver -45- substantially no power to the load, the second
controllably conductive device arranged such that when the second
controllably conductive device is in the.ggnductive state, the current
through the load flows between the first load terminal and the third load
terminal; and controlling the first and second controllably conductive

devices betwaesiihecanguetivarsialaand henan-eeductivestatgy 8dxductive
The method of claim 80, further comprising the steps of. sensing a erst

elSRHIFEAICARRHRTE FenE dlnsdirdushiti e Sad srpie B reramrut liaadevices in
sepsing:Acsacrnd sleetrinalehavmciaustic assaciatediwibuthe dhird loadona

terminal; wherein the step of controlling the first and second controllably
cé’ﬁgﬁ%‘ﬁ%oq}@\?féé%f%ﬁ%iéﬁé’%ﬁﬁ Bhe first and second controllably
conductive devices in accordance with the sensed first electrical
characteristic and the sensed second electrical characteristic. 82. The

method of chim 8L IRiFErCbMsHEM G thesteps Bie Sosiptingingfitsrice comprises
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conductive device for sensing the first electrical characteristic; an

cOfpTiFg: hsdushipad g akuiddiin skond dradtisalivehradtibnssitmthensing
s@eoRd &QQHHQ@AVSQ&Q@%Y)% ViR d0f %JH&L%B;F?%QQ@@%@L? HGAL sories
characteristic. 83. The method of claim 82, wherein'the first sens@ng
delfidei edeprisegon between the second load terminal and the third load terminal;
wherein the step of controlling the first and second controllably conductive
devices comprises controlling the first and second controllably conductive devices in

accordance with an output of the first optocoupler and an output of the second

optocoupler.

85. The method of claim 81, wherein the step of sensing a first
electrical characteristic comprises sensing a first current through the second load
terminal and the step of sensing a second electrical characteristic comprises sensing a

second current through the third load terminal.

86.  The method of claim 81, further comprising the step of*
transmitting a message including feedback information representative of
the states of the first and second controllably conductive devices, the sensed first

electrical characteristic, and the sensed second electrical characteristic.

87.  The method of claim 86, wherein the step of transmitting the

message comprises transmitting the message via an RF communication link.



a first impedance coupled in series electrical connection between the first
load terminal and the second load terminal, and the second sensing
device comprises a second impedance coupled in series electrical
connection between the second load terminal and the third load terminal;
-46- wherein the step of controlling the first and second controllably
conductive devices comprises controlling the first and second controllably
conductive devices in accordance with a first voltage produced across the
first impedance and a second voltage produced across the second
impedance. 84. The method of claim 824wherein the first sensing device
comprises a first optocoupler having an input photodiode coupled in
series electrical connection between the first load terminal and the

second loadsgermirilc andliibe segems SERNEHRE:1HRNICE SOMMRMSES Ring the
second optocougler havin.z an input photodiode coupled in series

electrical CONRECTOH BERVELHHE Bt I0ad rmin aRd tiaiihidilbad
terminal; wherein the step of controlling the first and second controllably

conductive céevices comprises controlling the first and second controllably
conductive déviced ity BELBIGAhER IR attBhgsseBimEzshoptecolpler

and an outpibofding seevack POy BlehShnThE: %ﬁlaﬂqrﬁfacmml%ﬁplay.

wherein the step of sensing a first electrical characteristic comprises
sensing a first current through the second load terminal and the step of

sensing a segond elRakiaabghATasE IS CARMBNSES Sans! 2gong.
current through the third load terminal. 86. The method o gﬁall% 8%18,1}3&?}%%?&

cBIHISHY tH o G aiiedenitting a message including feedback
information representative of the states of the first and second

controllably conductive devices, the sensed first electrical characteristic,
and the serided seldsharehasdidal dhnafdctehsticn 8% Tihe ofiethod bheldimfirst
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the message via an F co_mmunlcatlon INK.
second controllably conductive devices to be non-conductive so as to deliver

substantially no power to the load.

92.  The method of claim 80, further comprising the step of:
recelving a message including control information;
wherein the step of controlling the first and second controllably conductive

devices comprises controlling the first and second controllably conductive devices in

accordance with the control information.

93. The method of claim 92, wherein the step of receivin g the message

comprises receiving the message via an IR communication link.

94.  The method of claim 92, wherein the step of receiving the message

comprises receiving the message via an RF communication link.



-47- 88. The method of claim 86, wherein the step of transmitting the
message comprises transmitting the message via a wired communication
link. 89. The method of claim 81, further comprising the step of: providing
feedback to a user of the dimmer switch via a visual display. 90. The
method of claim 89, wherein the visual display comprises a plurality of
light-emitting diodes. 91. The method of claim 81, wherein the step of
controlling the first and second controllably conductive devices comprises
controlling both the first and second controllably conductive devices to be
non-conductive so as to deliver substangally no power to the load. 92.
The method of claim 80, further comprising the step of: receiving a
message including control information; wherein the step of controlling the

first and seamnd corieiRlNY CONESMGHIVE daYIEas BRIRNSSS CAMALIAG. thessage
first and second controllably conductive devices in_accordance with the

cSRIBFIRTOFTAHORS JE TREI8EINSF SHitadireonuRisarsh ek step of
receiving the message comprises receiving the message via an IR
communication link. 94. The method of claim 92, wherein the step of

receiving théfmessHifercdinpréeseracivingaséniiesSegendawaRicontroliably
copHmicatiRnilinke o8 bl emrethed.ol claim.der Whetgin the step of

receiving the message comprises receiving the message via a wired
communication link. 96. The method of claim 80, wherein the first and

second CO”U@.'|ab|¥119Qﬂ91%é9’§wqf%‘ﬁi%‘?%Iﬁf?ﬁ‘%i%l?l%ﬂ?ﬁﬂzoﬁ%& cctiona

semiconductor switches. 97. The dimmer switch of claim 96, wherein the
bitfireetofed Getnicdrdepswitees. comprise triacs. 98. The dimmer
switch of claim 96, wherein the bidirectional

98. The dimmer switch of claim 96, wherein the bidirectional

semiconductor switches comprise two field-effect transistors in anti-series connection.

99.  The method of claim 81, further comprising the step of:
storing in a memory state information representative of the states of the
first and second controllably conductive devices, the sensed first electrical

characteristic, and the sensed second electrical characteristic.

100.  The method of claim 99, further comprising the step of:

recalling the state mformation from the memory at power up.

101. The method of claim 80, wherein the step of controlling the first
and second controllably conductive devices comprises controlling the first and second
controllably conductive devices to be conductive in a complementary basis, such that
when the first controllably conductive device is conductive, the second controllably
conductive device is non-conductive, and when the second controllably conductive

device is conductive, the first controllably conductive device is non-conductive.



semiconductor switches comprise two field-effect transistors in anti-series
connection. 99. The method of claim 81, further comprising the step of:
storing in a memory state information representative of the states of the
first and second controllably conductive devices, the sensed first electrical
characteristic, and the sensed second electrical characteristic. 100. The
method of claim 99, further comprising the step of: recalling the state
information from the memory at power up. 101. The method of claim 80,
wherein the step of controlling the first and second controllably
conductive devices comprises controllingpthe first and second controllably
conductive devices to be conductive in a complementary basis, such that
when the first controllably conductive device is conductive, the second

controllably {conduriiyeg@wiee i3 10R-GORAuGHKe 1RNGWREAIRE SESORT: first
congollably conductive device. is conductive, the first controllably

cORAGEER fevitaliabhnroRdReH igeY s fudhereraptistioep b el kg o first and
wherein ibesipmef eantielingdha distandsasond.contellably, condugLve. o

devices further.comprises controlling the first and second controllably
OISR dACEs in response to an actuation of an actuator of the
dimmer switch. 103. The method of claim 80, wherein the load comprises
a lighting load and the step of controlling the first and second controllably

conductive d8Viced hﬁrﬂﬁ@hoéd?ﬁﬁlfi%@sg@emhémhgtmémunﬂv@esta@mhg load
the ditst apg seeond eontrallably: sapduchive-deviaes, cgﬁ&(?c%?gt(ri%lwag?s further

dimming level of the lighting load. 104. The method of claim. 80, fur
CEAPTSIRY AP SlEp D e seislivg Heponies oflipplfifriomadisecfirst doatt48ntrinal
tedheResendiaad seroynabirouol & sk diode and.9 i intb'l%dafﬁ.ermmal
through a second diode. 105. A system for supplying power fo a I6ad from
a power source comprising: a mechanical single-pole double-throw

(SPDT) thregavay yitthined of claim 80, further comprising the step of:

coupling a power supply from the first load terminal to the second load

terminal through a first diode and to the third terminal through a second diode.

105. A system for supplying power to a load from a power source
comprising:

a mechanical single-pole double-throw (SPDT) three-way switch
comprising a first fixed contact, a second fixed contact, and a movable contact
adapted to be coupled to either the power source or the load, the SPDT three-way
switch having a first state in which the movable contact is contacting the first fixed
contact and a second state in which the movable contact is contacting the second fixed
contact; and

a dimmer switch comprising:

a first load terminal adapted to be coupled to either the power
source or the load to which the SPDT three-way switch is not coupled;
a second load terminal coupled to the first fixed contact of the

SPDT three-way switch;

a third load terminal coupled to the second fixed contact of the



comprising a first fixed contact, a second fixed contact, and a movable
contact adapted to be coupled to either the power source or the load, the
SPDT three-way switch having a first state in which the movable contact
is contacting the first fixed contact and a second state in which the
movable contact is contacting the second fixed contact; and a dimmer
switch comprising: a first load terminal adapted to be coupled to either the
power source or the load to which the SPDT three-way switch is not
coupled; a second load terminal coupled to the first fixed contact of the
SPDT three-way switch; a third load tergynal coupled to the second fixed
contact of the -50- SPDT three-way switch; a first controllably conductive
device electrically coupled such that when the first controllably conductive
dewed isisavepneugtive state, a desired amount of power is capable of
being delivered to the load, and when the first controllably conductive

device is in a non-8dHALEHVECLRRE ssithrmtigyins stswaicrileaprapisl grch that

being-delvared -t theliead: s eantellesslecticallysrmeled @ dhe fissti g
controllably conductive device and olc_)erable to control the first

coritruaBhPedit iR bEicecHwa povrersupplyalestdcahycdudied in
shuni-sIRBifcRILRRNeS RN Withithedist.eantiqllably,co @gﬂﬁg}{ﬁa(iﬁfvﬂ%%ower is
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and operable to provideé)/ower to the controller, said power supply

cGmtRgUFe Rsicdilie geder thefmadke power source through the load and
the mechanical SinQ&%TRR]ﬁ&@%ﬁ“&gfﬁwgﬂﬁ%%ﬁxéw}ggu&Rtrgfﬁ%@%onductivc

power to the controller when the single-pole double-throw thre_e-wa
sitfittRGaneRrerbieite ettt fisstoontoiiehtheow! posivole nithodt

requiring a jumper, %BWéSSH}S% 1§"¥1%1¥¥1ﬂ‘§frgéﬂp"i’§? 1 06 SRR B o tion
switch is in the first state, the controller
with the first controllably conductive device and operable to provide power to the
controller, said power supply configured to receive power from the power source
through the load and the mechanical single-pole double-throw three-way switch to
provide power to the controller when the single-pole double-throw three-way switch is
switched into either of its two switch throw positions without requiring a jumper
across the switch;
wherein when the SPDT three-way switch is in the first state, the controller
is operable to control the first controllably conductive device such that a current to the
load flows through the second load terminal when the first controllably conductive
device is in the conductive state; and
wherein when the SPDT three-way switch is in the second state, the
controller is operable to control the first controllably conductive device such that the
current to the load flows through the third load terminal when the controllably

conductive device is in the conductive state.

106.  The system of claim 105, wherein the first controllably conductive
device is electrically coupled between the first load terminal and the second load
terminal such that when the first controllably conductive device is in the conductive

state, a current to the load flows between the first load terminal and the second load



is operable to control the first controllably conductive device such that a
current to the load flows through the second load terminal when the first
controllably conductive device is in the conductive state; and wherein
when the SPDT three-way switch is in the second state, the controller is
operable to control the first controllably conductive device such that the
current to the load flows through the third load terminal when the
controllably conductive device is in the conductive state. 106. The system
of claim 105, wherein the first controllably conductive device is electrically
coupled between the first load terminal and the second load terminal such
that when the first controllably conductive device is in the conductive
state, a current to the load flows between the first load terminal and the
seg@nddnad - 51 - terminal; wherein the dimmer switch further comprises
a second controllabéﬁﬁconductive device having a conductive state in

which the seBSRARSHAINABR Colduiiitevrerriscs srivemed s tiaha
desiesbamnaurtal RAWsS iscanabie.at.Reing Arlvered.i3,ihe loadand a

non-conductive state in which the second controllably conductive device
isCEBRRTIETISHET i 4L tBEesntsin e PRI aBmpabRf opBeirg capable of
d@lﬁ@g adiiociRe 9kt thaispeonaconiralRR-CRRIUCUIME GEYIC cond

electrlcalgjcoupled between the first load tenninal and the third load
terpriralldilerf o e Adtiesse cont Akt roake botaie il evice veins
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first electrical characteristic associated with the second load terminal: a
alsdboirhddlsing daiice lebirickiyd toupled todhkettird!lad termingl and

107.  The system of claim 106, wherein the dimmer switch further
comprises:

a first sensing device clectrically coupled to the second load terminal and
operable to sense a first electrical characteristic associated with the second load
terminal; and

a second sensing device electrically coupled to the third load terminal and
operable to sense a second electrical characteristic associated with the third load
terminal;

wherein the controller is operable to control the controllably conductive
device in response to an output of the first sensing device in accordance with the first
electrical characteristic and in response to an output of the second sensing device in

accordance with the second electrical characteristic.

108.  The system of claim 107, wherein the controller is operable to
determine whether the SPDT three-way switch is in the first state or the second state

in response to the outputs of the first and second sensing devices.



operable to sense a second electrical characteristic associated with the
third load terminal; wherein the controller is operable to control the
controllably conductive device in response to an output of the first
sensing device in accordance with the first electrical characteristic and in
response to an output of the second sensing device in accordance with
the second electrical characteristic. 108. The system of claim 107,
wherein the controller is operable to determine whether the SPDT
three-way switch is in the first state or the second state in response to the
outputs of the first and second sensing slevices. -52- 109. The system of
claim 108, wherein the dimmer switch further comprises a memory
coupled to the controller. 110. The system of claim 109, wherein the

controller isloperahlectoystareoin e MENRe At eIV itch further
representative of the statﬁs of the first and second controllably conductive

dEVIdEESh A THE KRS BHNE SPRsEeRERIGhay switch. 111. The system of

claim 110, wherein the controller is operable to recall the state
information from the memory at power up. 112. The system of claim 108,

wherein the! immdr S ERRAISEHRIMprisber et BiaamsieHiors eneile to store
aglaptes dmBBNst A MessRAS Peuing feedRRCk JNOIMAHN st and sccond
representative of the states of the first and second controllably conductive
devialaity RSt tHs s prstl s sy Ran R T 10 B eTHaysystsin of

claim 108, wherein the load comprises a lighting load and the dimmer

switch further comprises a visual display for providing to a user of the

dimmer switéh feetbRaeksiEtdAhERER tpradesiinveesioatditeningiewadioto

the:fipfingaleadsdhr-tesrRark infarmation denendgnt on the states of the

first and second controllably conductive devices and the state of the
SPDT three-way switch. 114. The system of claim 107, wherein the

controller iy pperable 9 s£ANEPLAAN e firjtANAReqRnd, controlably., ..

conductive devices to be non-conductive
comprises a communication circuit adapted to transmit a message including feedback

information representative of the states of the first and second controllably conductive

devices and the state of the SPDT three-way switch.

113. The system of claim 108, wherein the load comprises a lighting
load and the dimmer switch further comprises a visual display for providing to a user
of the dimmer switch feedback information representative of a dimming leve! of the
lighting load, the feedback information dependent on the states of the first and second

controllably conductive devices and the state of the SPDT three-way switch.

114, The system of claim 107, wherein the controller is operable to
control both the first and second controllably conductive devices to be non-conductive

when the load is not powered.

115, The system of claim 106, wherein the first and second controllably

conductive devices comprise bidirectional semiconductor switches.



when the load is not powered. 115. The system of claim 106, wherein the
first and second controllably conductive devices comprise bidirectional
semiconductor switches. -53- 116. The system of claim 106, wherein the
dimmer switch further comprises a communication circuit adapted to
receive a message including control information; and wherein the
controller is operable to control the first and second controllably
conductive devices dependent on the control information. 117. The
system of claim 106, wherein the controller is operable to control the first
and second controllably conductive deviges to be conductive in a
complementary basis, such that when the first controllably conductive
device is conductive, the second controllably conductive device is

non-conductide, aftyierenihe seeandeonkalabmcandretive fayics s,
conductive, the first controllably. conductive device is non-conductive.

118 HHE L) TR S5 s tHe Hirsiie R irtehstbsding control

comipnisei®® satsing device electrically coupled to at least one of the
second load terminﬁl and the third load terminal, the sensing device

operable to S&TEH ARCRRRLY Brincahisiitic s hadtiththre todd
tesninal 4o yhishihe, seRsies deyisriiscarpledomharsinihe disst

controllably conductive device is arranged such that when the first
controllably conductive device is in the conductive state, a current to the

load flows betweerthsfiesh Maﬁﬁwﬁ&lm{é@eﬁh‘%&e&ﬂﬂ%1%%‘?&8@%‘1‘% &
between the first load terminal and the third load terminal. 119. The

syStERt Brediaiirnd seeomeren it eendiis wpbredbs to bdeterdictéve in a
whaihrniha SPRT: theaenway Switchis i i or the second state
in regpo]_nse 2%‘%ﬁhe Ioutput of the ser@ﬁéﬁl&%&ﬁﬁ%ﬁfﬁ%ﬁf C(tel \étysfé'rlﬁeol
chatiut e vibe pere tHe sriRilag o svisbiconephséssas non-conductive, and when

the second controllably conductive device is conductive, the first controllably

conductive device is non-conductive.

118.  The system of claim 105, wherein the dimmer switch further
comprises a sensing device electrically coupled to at least one of the second load
terminal and the third load terminal, the sensing device operable to sense an electrical
characteristic associated with the load terminal to which the sensing device is coupled;

wherein the first controllably conductive device is arranged such that when
the first controllably conductive device is in the conductive state, a current to the load
flows between the first load terminal and the second load terminal, or between the

first load terminal and the third load terminal.

119, The system of claim 118, wherein the controller is operable to
determine whether the SPDT three-way switch is in the first state or the second state

in response to the output of the sensing device.



current sensing device. 121. The system of claim 120, wherein the current
sensing device comprises a current transformer. 122. The system of
claim 119, wherein the dimmer switch further comprises a memory
coupled to the controller. 123. The system of claim 122, wherein the
controller is operable to store in the memory state information
representative of the state of the first controllably conductive device and
the state of the SPDT three-way switch. 124. The system of claim 123,
wherein the controller is operable to recall the state information from the
memory at power up. 125. The system gficlaim 119, wherein the dimmer
switch further comprises a communication circuit adapted to transmit a
message including feedback information representative of the state of the
first controllably conglusfivendeyiagiand dheistate afdRe SRPIEe MM ises o
switch. 126. The system of claim 119, wherein the load comprises a
liGHEHG! $65EERF I dimmer switch further comprises a visual display for
providing to a user of the dimmer switch feedback information

representative of a dimming level of the lighting load, the feedback
information dependBAEHMsE B Me Whstebrirorabiyn cenduetideyice

devigs-andberatate- A heRRPDT three-way switch. - 55 127. The system
of claim 118, wherein the first controllably conductive device comprises a

bidirectional semiconductor switch. 128. The system of claim 118, wherein

the dimmermﬁtchﬁ%t&g%_egpmremﬁmqua}émqaéigﬂr%ﬁ%% @%PESR&&

receive a message including control information; and wherein
coriiibllers & spparable e iolthedivigeBentrollably conductive device
dependent on the control information. 129. The system of claim 105,
wherein the controller comprises a
123, The system of claim 122, wherein the controller is operable to store

in the memory state information representative of the state of the first controliably

conductive device and the state of the SPDT three-way switch.

124. The system of claim 123, wherein the controller is operable to

recall the state information from the memory at power up.

125, The system of claim 119, wherein the dimmer switch further
comprises a communication circuit adapted to transmit a message including feedback
information representative of the state of the first controllably conductive device and

the state of the SPDT three-way switch.

126. The system of claim 119, wherein the load comprises a lighting
load and the dimmer switch further comprises a visual display for providing to a user
of the dimmer switch feedback information representative of a dimming leve!l of the
lighting load, the feedback information dependent on the state of the first controliably

conductive device and the state of the SPDT three-way switch.



microprocessor. 130. The system of claim 105, wherein the dimmer switch
further comprises an actuator; wherein an actuation of the actuator
causes the controller to control the first controllably conductive device.
131. The system of claim 105, wherein the load comprises a lighting load
and the controller is operable to control the conductive state of the first
controllably conductive device so as to control a dimming level of the
lighting load. 132. The system of claim 105, wherein the first terminal of
the dimmer switch is coupled to the power source and the movable
contact of the SPDT three-way switch.isscoupled to the load. 133. The
system of claim 105, wherein the first tenninal of the dimmer switch is
coupled to the load and the movable contact of the SPDT three-way

switch is -562zoupled t9stas: PPVIRISAU:EvHcHdin khe SUSIEIRSIGIBIN PR ctive
flgther wherein the mechanical single- pole double-throw three-way switch
c

RIPH SRS SHERE NG AP RBIHpI iRy R second SPDT

three-way switch comprising a third fixed contact, a fourth fixed contact,
and a second movable contact adapted to be coupled to the load, the

second SPDA threERR sy SRAhating & thiverdmibeidivmicn thQeboter
meyahieccopiRchisconasinghe dhd dfinet contachand, a ot Siate ifrol

which the second movable contact is contacting the fourth fixed contact;
aldaNHaYelh #9€ dimmer switch further comprises a fourth load terminal

and wherei e figloashistiinal i sgunledd IiteL He Do spwce

or the load through the second switch and further wherein the first
ternivars chhiscepes e anitee fixedotonferseatierfourth load terminal is

connected to the fourth fixed contact and the second moveable contact is

connected to either the power source or the load to which the first switch
is not connééted; The system of claim 105, wherein the controller comprises a

MICIOProcessor.

130.  The system of claim 105, wherein the dimmer switch further
comprises an actuator;
wherein an actuation of the actuator causes the controller to control the

first controllably conductive device,

131.  The system of claim 105, wherein the ioad comprises a lighting
load and the controller is operable to control the conductive state of the first

controllably conductive device so as to control a dimming level of the lighting load.

132, The system of claim 105, wherein the first terminal of the dimmer
switch 1s coupled to the power source and the movable contact of the SPDT three-way

switch 1s coupled to the load.

133, The system of claim 105, wherein the first terminal of the dimmer

switch is coupled to the load and the movable contact of the SPDT three-way switch is



wherein the dimmer switch is operable to control the power delivered to
the load, through the first and second switches via a circuit comprising the
first load terminal, the controllably conductive device and either the
second or third load terminals or a circuit comprising the fourth load
terminal and the controllably conductive device and either the second or
third load terminals. 135. The system of claim 134, wherein the
controllably conductive device is arranged such that when the controllably
conductive device is in the conductive state, a current to the load flows
between one of the first and fourth load sterminals and one of the second
and third load terminals, further comprising: a first sensing device
electrically coupled to at least one of the first load terminal and the fourth

load:pesininahcthersensingedevice operable to sense a first electrical
characteristic associated with the load terminal to which the first sensing
-57- device is coupled; a second sensing device electrically coupled to at

least one ofithe secradydeadderminal ang the-thinkleadterminak g sin gle-

sensing device operable to sense a second electrical characteristic .

aBSbcr SR A R S WHERcthR st andc Bty duvieanprising:

coupled; angsahererribe aepirqllgr é@%&%@gﬁ@}}éﬁ%uﬂﬁ%%%% contact, a fourth
ntr

cantrollably conductive device and operable to control the controllably
comatictive tletibAATEEIoRSEA BrrBlApAdEP tdibst cembdg aldvideadndie
ag-EuAW b theSe SR SARHPAARY IS 1B B TNE RIS LElAINY 13%0an.
wherein the controller is operable to determine whether the first SPDT
tHiBaRldy SoliteH il eHbifidistdecnietianbedpd sncimredpdnte todhet

opfpulint thesecand sepsinddexigaRnd whether the sesond, SPDT

three-way switch is in the third state or the fourth state in response to the
output of tHeefifgnsERSintjdeVither comprises a fourth load terminal and wherein

the first load terminal is coupled to either the power source or the load through the
second switch and further wherein the first load terminal is connected to the third
fixed contact, the fourth load terminal is connected to the fourth fixed contact and the
second moveable contact is connected to either the power source or the load to which
the first switch is not connected;

wherein the dimmer switch is operable to control the power delivered to
the load, through the first and second switches via a circuit comprising the first load
terminal, the conirollably conductive device and either the second or third load
terminals or a circuit comprising the fourth load terminal and the controllably

conductive device and either the second or third load terminals.

135, The system of claim 134, wherein the controllably conductive
device 1s arranged such that when the confrollably conductive device is in the
conductive state, a current to the load flows between one of the first and fourth load
terninals and one of the second and third load terminals, further comprising:

a first sensing device electrically coupled to at least one of the first load
terminal and the fourth load terminal, the sensing device operable to sense a first

electrical characteristic associated with the load terminal to which the first sensing



_57-

device is coupled;

a second sensing device electrically coupled to at least one of the second
load terminal and the third load terminal, the sensing device operable to sense a
second electrical characteristic associated with the load terminal to which the second
sensing device s coupled; and wherein

the controller is electrically coupled to the conirollably conductive device
and operable to control the controllably conductive device in response to an output of

the first sensing device and an output of the second sensing device.

136.  The system of claim 135, wherein the controller is operable to
determine whether the first SPDT three-way switch is in the first state or the second
state in response to the output of the second sensing device and whether the second
SPDT three-way switch is in the third state or the fourth state In response to the output

of the first sensing device.



