MULTI PLE LOCATI ON LOAD CONTROL SYSTEM BACKGROUND OF
THE | NVENTI ON Rel ated Applications [0001] This
wap@isiigay on clains priority from commonl y- asspgned2008/005187

U S. Provisional Application Serial No. 60/925, 782,

filed April 23, 2007, and U.S. Provisional Application

Serial No. 61/016, 027, filed Decenber 21, 2007, both

entitled MILTI PLE LOCATI ON LOAD CONTROL SYSTEM The

entire disclosures of both applications are hereby

i ncorporated by reference. Field of the Invention

[ 0002] The present invention relates to nultiple

| ocation | oad control systens having multiple smart

| oad control devices, and nore particularly, a

mul ti Pl RrUCPRUEONOGATTONILOAS EONNROLINW piefers a smar ¢

di mer and one or nore renote dimrers for controlling

t he amount of power delivered to a lighting | oad,

where all of the smart dimers and the renote di mmers

are operable to display a present intensity |evel of

the lighting load on a visual indicator. Description

of the Related Art [0003] Three-way and four-way

switch systens for use in controlling electrica
BACKGROAASD GRTMEANVERTIORY | oads, are known in the art.

Typically, the switches are coupled together in series

el ectrical connection between an alternating-current
Rckﬁai&éﬁacaﬂeﬂﬁr source and the lighting | oad. The sw tches

are subjected to an AC source voltage and carry ful

| oad current between the AC power source and the

| i ghtyiyk . . age: S .
10001] 97 TSP Sior o BRARERY or Oy ghi Lo rSRIERa
ApplicatoarSanial Nat €0/625 782 filed Apah @3, 2003 uaid Y. S. Bvewinibba gepplication

Serial No. & oY ABTg e Fhngd b enpl M TP B ARaa TR

LOAD COWRTROTEVISEM! Mife erftite HREMstHRE 8 Both LaPflidR0HT are hereby
“"threeway swtch", "three-way systen, "four-way

incorporated by méfereanel " f our - way systent’ nean such swi tches and
systens that are subjected to the AC source voltage
and carry the full load current. [0004] A three-way

Field of gheilhwdntidari ves its name fromthe fact that it has
three termnals and is nore commonly known as a

o) 5L P B L ool b i
multiple sfaftQOR] EHtidl HéAsesdandARee Paiciwdly, WmaRiple location dimming
system that includes a smart dimmer and one or more remote dimmers for controlling the
amount of power delivered to a lighting load, where all of the smart dimmers and the remote
dimmers are operable to display a present intensity level of the lighting load on a visual

indicator.

Description of the Related Art

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

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



descri bed above is known as a "two-way switch". [0005]
A four-way switch is a doubl e-pol e doubl e-t hrow ( DPDT)
wewiosabssthat is wired internally for pol arity-prPevessm 05187
applications. A four-way swtch is commonly called an
intermedi ate switch, but will be referred to herein as
a "four-way switch". [0006] In a typical, prior art
three-way switch system two three-way switches
control a single lighting | oad, and each switch is
systems thiat/bpe¥at@ Q?fo@pl'@l%atg@ ahBIGR REER! bl SRl RBgit %Qmmands
Irrespective o he status of the other SWI%
(usually lo&u&hlt@etlhgleéewm) te wrtmhtespalrelrhqr tbat@onholsehvagpvsmﬂmﬁ power
wired at t r.,source de of

delivered Q1B lgh i8 berponsiuie RS pra B g, fraissd hEiS the Bhps, pree-

way sw1tcﬁ'h“’ﬁﬁéé’3@$ YEARN TG wBEsWidR darRf " fhewhi gfrﬁtérﬂgnleﬁﬁguch
%e system [0007] Fig. I A shows st andard

switches and nsmemawaswetsohjesgcdtte the180 sowse cyhltagﬂ:aMd@srytth@ full load
three-way switches 102, 104. The switches 102, 104 are
connect ed between an AC power source 106 and a
lighting | oad 108. The three-way sw tches 102, 104
[0004]) eachn thied-wde switely adiess ifs@ramedror the faonthacit fas wdectBrmingls
electrically connected to the AC power_ source 106 and
and is monegeMMeHY KAGWN 88d sngle- pqlégewﬁtv@w( PERD stifchebuiayill be
referred tosﬁ’@r‘%lﬁ ﬁ“ill% géw?tlcﬁ’o I'{hétrlﬁ Hl?g cBMrn@& ﬂg'ee-wa swnttch as
he nova con S are na I'ng S6n
described wbdvie i§ h@owpea“fwoee,dyewntm:ts, the three-way sw tches
102, 104 are in position Ain Fig. 1A Wen the

m)vbecontact Kin ontact w e lLower . .
(00051 {1y Bt e A B i SR et (BB s A hat jswired
internally Rﬁﬁioidrﬁﬂ-r&eréﬁm SPplidaBoAd)r £ %Wayﬂ‘&ﬁ&hﬁ%oﬁ%nl% QA1 &
position A (or both in position B

mtermednat¢ swmh bof wily be eafert@btoi kereinaph Efairavay M@hh ghting
Ioad 108 is energi zed. Wen switch 102 is in position

104 | Ay ce versa t he
100061 ¢ 7B Ik gt e BE MR el o SeP ol et S
a single lighting@6&1, @hd each HAGRis Ehrﬁ@me € idegendehtl Ebdfirol kiatload,
replace three-way switches are known in the art. An

1rrespect1v§)pjﬁlaﬁ gatys ofjtheat smtyhd,[rhfﬂgh astheC\ﬁa)g%{t@myf@@ one three-
way switch s'tjgé AgreQREHRAC oafreP d eesqdé/\@y dis ( ét ed “line
and one three-way ch 'S st# I'n

side™), and fmreeﬂaeuamewwnymwmwmm bé 52reldmt khed@tlagdd)rmmde of the lsysttem
152A and a three-way switch 152B. A typical, AC
phase- cont r ol i rcuit ul.ares. t unt
10007) by ¥R gy et SEuar S rsevipy SRS TR Bl SR Sn R
three- -way § %WH&t 10291687 Tﬁé’f@lt(ﬂﬁﬁ hooM @fare @&ﬁe@@bfbeﬁyééneanoﬁctp@@er
C waveform and not conducting for the renmai nder of
source 106 m;i hhgliting/lohe 108BeThe theea-wey divitoleas 162r Q4 eachsedluds i n
es W

th d th
“movable i el doiaoisnfith pl e B PrerdR P I FAC BaNer source
106 and tlﬂﬁﬂghﬁﬂ%%hdt 108t &@pédu@ety Mhel tRRE-wWdBswithes €02, N®4lal@¥achg

8 is a the nore
include two fixed contacts. When the movable contacts are making contact with the upper

current.

fixed contacts, the three-way switches 102, 104 are in position A in Fig. 1A. When the
movable contacts are making contact with the lower fixed contact, the three-way switches
102, 104 are in position B. When the three-way switches 102, 104 are both in position A (or
both in position B), the circuit of system 100 is complete and the lighting load 108 is
energized. When switch 102 is in position A and switch 104 is in position B (or vice versa),

the circuit is not complete and the lighting load 108 is not energized.



energy that is delivered to the lighting | oad 108, the
greater the light intensity level of the lanp. In a

wo yisaads7ei nmi ng operation, a user may adj ust PCT/ORL008D05187
to set the light intensity 3evel of the lanp to a
desired light intensity level. The portion of each
hal f-cycle for which the di nmer conducts is based on

t he seI ected |ight |ntenS|ty | evel . The user is able
[0008] o gilhiegnvay @ggn%r Pritches gat feRIpCE Shige-1aY shilshes 4E known in the

art. An bt AERBRLTTE] Atk Sy R 15D, BRIMIADHR B QOB vay
dimmer switchdis2rand o nlcrae-t\xsaycsanmhtl OB es stioweriniFig.sld. i TEhe thréeway

. t hr ee- way di nmer tch 50 .
dimmer e HE QUG B SRR RLAGR ATCET DM 50 1 9ta AdpPical,
AC phas& Eor?&&l P@ r&hpfour Q%Wtest He afn%ﬁﬁit (ﬁ‘e%@rg@fsubﬁﬁed to the

system y swtch systemis require
lighting laid h08 be cmchlcengrﬁnesom@ammwoofs&mh bhlficyclatof tins AfCrwameform, and

which. tQ contr d. Fo exa e,. a four- .
not condyefingdat e dapeinder Githe hATGxels Bt Rae dirdneadrentid52ads in
series withht GiBhtiNY foad 108‘ the hdng%mwra.mh tREuit SShdasts! Pemdtd@hergy

each switch fully operable to mdependently contr ol

will be delingredotadhe Hgkisneload &@8 oWhenethetlighting &faddi§ ise hamp, the more
h
energy thragﬂﬁtd%&gﬁs}-elgm Ehé:ﬁ %?1 ing Zc(zml lrdeéd l}e &r%agg{,&h%éh@%f nggqlet\/ Fof the

lamp. Inta¥OpichIr ERmYAY op¥fati6Resusen rrﬁ_rydﬂfusf ®torttd] tEWét it Bghttiftensity
operate independently, i.e., one three- vvaﬁ switch nust

level of tb@lamn ©ck dasired, égmnse@amc level. Jehegrortioreokgach half-aygle for which
the dlmm%i‘ Q?%dutcwlgsa%yonstﬁ% %ﬁ@ct% %htqgte\ﬁ@ vfg ﬁt "Itl'%tqlsélgi@(%ise' tg%im and

e Ssystem an

toggle thehgnﬁrlg lbah 198 ﬁohuﬁfe&lirebeﬁagﬂhmnﬁdiewhwb 15hané isvaly able to toggle
tches. [0010] Fig..,1C shows a prior art four-wa

the llghtlgwqaérﬁcwg thag thresrivapevitath W4 yRNESIBHIIHE iguYs papot be wired
in series #ﬂéeﬁ‘]?our ﬂhﬁl@pﬁ’? t&ﬁ%ﬂgtekg fs@0dh éhid %'Iud%ﬁestﬁfgta lylrﬁﬁtmer

ysvvl Cc S two states. Int
switch 15, athich camcee 18tatedon eitieraheling ©ideodthe AQadaside obilie sﬂtems
connected to node B2. Wien the four-way switch 185 is

o1 T ARSI g 5 s
locatlonscfﬂgiﬁ edi@ftol @niere E@acﬁ%r%ﬂ%P a fSurGRANSEIcRtlrdqRirBPERs three-

. Note that a four-way sw can function as a
way swnpms@edmy fewr wersyitchongredn o fyshipn,ysorsstto render each

switch fugl&n E)?edto[quﬁlpéelrﬁi%gf con PF&Q\T&@P@E %fw? 5{' ok s ?art&s of any other

|ng SYyS contal ntng a ura

switches ﬁrOtHe-sWhSmS thtl@&ﬁﬁlr 38y syéems fievfour-aay swuabw reqfnred to be wired
four-way switches can be included between th
between thertwe-thiep-veayi veitrbss irporden fox afl switahes te operats mdependently, ie.,

one three K)B?)?Its%ﬁéh ﬁqocal{eo\kurgé at thE Ad %%@ﬂgé g?r%l %8%%%%1L glggoﬁl%aerrtthree way

1 on di
switch mdktmmmremai the Boadrmdmrfehes m@arm,l anyl-thke foiugweny swatvhtreust be
cessory") dimers have been devel oped. The renote

electncally 51tuated between the two three-way switches.

[0010] ‘Fig. 1C shows a prior art four-way switching system 180. The system 180
includes two three-way switches 102, 104 and a four-way switch 185. The four-way switch
185 has two states. In the first state, node Al is connected to node A2 and node B1 is
connected to node B2. When the four-way switch 185 is toggled, the switch changes to the
second state in which the paths are now crossed (i.e., node Al is connected to node 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.



dinmmers permt the intensity level of the lighting

|l oad to be adjusted fromnultiple |locations. A snart
wa@l2omsaB3s87s one that includes a m crocontrol | erPOT/USL00E005187

processing neans for providi ng an advanced set of

control features and feedback options to the end user.

For exanple, the advanced features of a smart di nmer

may include a protected or |locked lighting preset, i
[0011] ¢ 54i Rig: 1Rrihows apetbes prprast switqhinggystes 450 Compaining a plurality of
: 0 onL s :
four-way SuFcREE NS 243 Houfi0 By Pl GRSHEY LORefls e included
between thieehree-g¥iyi sngtcheatd2, [109 13 Enabte maWipie tdeetion control of the lighting
m crocontrol ler, the smart di mmers include power
lOMm&suppl ies, which draw a small anount of current through
the lighting | oad when the sem conductor switch is
[0012] NON- RARGHE IdMGoR BFERMINY dysfers dnpldifig RAWREt EHRRYnd one or
typically uses this smal’l anmount ©of current to charge
more spegially-desigredcrrpmtt (o ‘acnedsadyN)alimpiess biivedeen deyelepad. (ThE)remote

dimmers gy i ihiRp BB ket ot R AHEEOBR] o LayultB PR g Baions
A smart diBiner TOORY B BcRIdBS 4 nfiérdB&trollet bE SthensrovedsimpedHs bt e

~_renote switches for wiring at all l|ocations of a
providingnari advaheed sst af ¢antrodl fenmragand, feedbackoptianssiol the ead pser. For

nl signed U. S . Patent . B [ :

example, TR AneABRRRGH 5 i, SRR o Binritol e BRREG Bhing
preset, fadhigCind Goubd-RipNo RN Ht@Rite! Gl Micioebeksitee @ohtiolk tife operation of

entirety., [113014] Referring again to the system 150 of
the semicppgductpiswitghde dhysrongalthedntensity ofitholishtngoloah t e

dimmrer circuit 152A of the three-way di nrer switch 152

when ' j :
(0013) - FRETTh BRVEL Ui RORUSIG, BSpl A RRNEhote? sBpties.
which drswiatsatalllankBinoof diident threugh tiedightng toad viled the semicondilotor

. .. toinclude a po S and a mcrocontroller. Thus,
switch is e TR SagT 2561 S Bev e B FTRCalY thesipis small mount
of currenﬁfsé)\ér Ooitgliaggiﬁaﬂa%ﬁl)ﬂj%ﬁﬁd&(ﬂo% SARct-c i8R D) Yolthee ®Ndwer

2 shows an exanple multiple |ocation
the micracpyinellarg Asosxamplle ef/a mattie ®canen lightmg eomrol system, including a

wattmou i TRUR AR S B rannB R B Bis B0 A
locationsto(fra%Mﬁléleﬁ@éati’oﬁ%inﬁiing)Eys@dinAQd%@ld)"s_é‘@ianthﬂ@ﬂ RESghetEd S,
by an AC power source 206, and a di nmed- hot 2,0 TROL

Patent No.& 24849, fssvedonSepiembera2&il b entided LEGHTING C
phase-. troll l.] N | oad 208. The

pevicePUEIEBINIE St el Rtk a0 | oo 200 ]
term nal of the dimer 202 and the lighting | oad 208,

[0014] and Rafeseng hduin ¢ teBdsttmt1 S0alfFage B, Bincagb 1@l dureent flows

|ighting . |oad 208. [0016] The, di mrer. 20 nd the . .
through the flgrracifireti 52@40%5? FRrRgraY QLT By 4C iﬁmﬂswqﬁﬁmmt

e G854 B8y U T8 Q) 4TSS e vy

switch 152B or 104, the dimmer switch 152 is not able to include a power supply and a

microcontroller. Thus, the dimmer switch 152 is not able to provide the advanced set of

features of a smart dimmer to the end user.

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

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



di nmer 202 is responsive to actuation of any of these
actuators to alter the intensity level or to power the
wo p@istid3sge | oad 208 on/ of f accordi ngly. |n partPCMU82008/005187

an actuation of an actuatorsat the renote di nmer 204
causes an AC control signal, or partially rectified AC
control signal, to be comuni cated fromthat renote

di pmer. 204 to the di mer 202 over the wirj ng between
series witht{Be e {smita) othemmen? aad therliehting 19ade2 03 e passes the

dimmed- gét gggé @@P‘r g@%%ﬁ’%’@r% recg:c p: hgf dlt wgoﬁtorzol The

signal to alter the dimmng | evel or toggle the | oad
[0016] 208 @h¢ dimimeiTPksand the rémate dammeb 204 bbthyhageattuatorstd allow for

: f th di 2 001 Th el .i f
raising, 13} S A3 IHHERNS 69/o0) EHENHINRY (Ve LREiF DRPing G AGS: The
dimmer 2@9% Fé%boﬁﬁ@é RMcaldfloh Of aRPYRheSR dduthtors to éﬁer&ﬂ@i’iﬂens‘tg fevel or

di mer 2 may include a faceplate 310, a bezel
to power ghe hlgmmugslmq/%fieméofﬂaomrslmguat Imrpa&mletroan suhatoan afgmactuator at
re vel of i ntensity of.
the remotg G 2DS FFise® By AG ool men e ppatially e-HBk A% ST signal

to be conﬁﬁﬁxﬁait@d frdfPthat¥enidid @ﬂmmmftotdf@dlﬁﬁﬁ@fzawvfek fHé \Bmlqu
of the actuator 314 increases or raises the |i

between thatagegssery dimmenéAD) germing of edrenos: dlmmre?OéranééhméD tgFminal

of the dlrﬁxfgg} 2&5 le@‘%é ovvtejrogqf ﬁe]sﬁgns%e[ ttor}gcf‘ tsc#?{l/ o&trg%)i éﬁgnar]hto alter the

dimming déveref to%@ﬂa theYoadl 2908 dn/eff. Uﬂfﬁusf;l the 18bdtartibs flligrcontrolléd®from the
form of plurality of |ight sources 318, such as

remote dlm@ﬁtz%ﬂ tting di odes (LEDs). The light sources 318
may be arranged in an array (such as a linear array as

[0017] Show‘ﬁle u?é}qn@ffﬁc ot tHP"dﬂ'ﬁ’lé‘Eld%(S??f tﬁﬁtl ngﬂ% l&é’il g%@g@ﬁ%control

[i |ntenS|ty eve I oa
system 2©(brsts|hobvhed FiglBe Andhens, the dmvr&lrQOMnayhﬁclhdg hifadeglakcom a

5 B S A L RS i s

a llghtmg 1%9&1 bo@tbntrolRY bq/%e HEnRer20Y, HH&Th'cBﬁt?&%WlbéNa@Mﬁ{or 3\4\’6'
typically on", or substantially 100%

actuatlomqfttbmspney pbem|3 1|4§s nytpe aethitpr ékébmwe@ agaigepide d@%t inggnsity

ofthe lighfine (oaf gD whils #5541t the Fveg o G 4G p@Stluadr 314

decreasesséihgt\'@fbtthélhlhb{t ittty [0019] Fig. 4 is a sinplified
bl ock di agram of the di mrer 202 and the renote di mTer

204 of the multiple location [ighting contral syste
[0018] 200. Tipdiramer22 may alsadneludasa yispalglisnday inghe form of aplurallty of

light som?gg}i ?Qﬁ%%{’l %l'ﬁanSI 1 g&ﬁgde(sgkgsl’))s).?gﬁ% fﬁ?‘ﬁ_sggl}cgwm may be
arranged cmmm ey (such aou phem‘ abet/ \ae shbWﬂn)eaﬂimarehHummadd thi rqndsdnhe
mred- hot_ term trol the current throu
range of Gl Tpgt ke P&ﬁl" ha%ai? be"taq@mtmgﬁ@ i ﬂbe RS fevels
fthe | 102908 frbfa Ritifahh ARG fev@l, GHIEH Ay bR lowest
orthe 1gl%9§g ) 9) %ﬁfaﬁgys Coannectgﬂ-lto g gate Q‘fmve o owes
visible intensity, but which may be “full off”, or 0%, 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] Fig. 4 is a simplified block diagram of the dimmer 202 and the remote
dimmer 204 of the multiple location lighting control system 200. The dimmer 202 includes a
bidirectional semiconductor switch 420, e.g., a triac or two field-effect transistors (FETSs) in

anti-series connection, coupled between the hot terminal H and the dimmed-hot terminal DH,



circuit 424. The input to the gate renders the

sem conductor switch 420 conductive or non-conductive,
wobeosh3ism t urn controls the power supplied to POEUS2008/005187

lighting | oad 208. The gatesdrive circuit 424 provides

control inputs to the sem conductor switch 420 in

response to command signals froma mcrocontroller

426. [0020] The m crocontroller 426 receives inputs

to controf thgrausrenethipughosansd thys thet leght intensBy odirthie tightinglplad 208. The

smicon L8545 50 TR LA S TSR R B

circuit 420 MEREp&t to N Satt eerdlefd tHe sdrhicyndictdrishetch UB0fcahductive or
rovi di ng feedback to the user of the di mer 202. A

non-conqysiiks, veipiin turpernieie gy casupplisd tp e lightingdeadzd8. tipe gate
aive RN 0L SRR AL oA S0 Y
command €igfhle #onDhimifd0adtolln@26er o- cr ossi ng det ect or 430

determ nes the zero-crossings of the input AC supply

vol tage fromthe AC_power supply_206. A zero-crossin
[0020) 5 dﬁ%: ﬁ@aroggnwéer?‘?_ﬁééw%?@ﬁy frre %rg-&wfvg\ﬂaf%%%w and
a signal dt@R& 43208 HhRBIsRAS idnhi¥EnduRtdd 8GR Y80 Qéﬂo@&ih%w. (Fhee-

a negativegoing zero-crossing), or fromnegali've to
microcorprlet #2@alpolgemdratgs ¢command sigpalsite a pburglityrod LEDs 418 for providing

feedbackci i 2E O P LU P o T By 428 BFiuicng L0 opfiptyoliase
Ve to péWerthe hRERBSAtRI1ce #2628 he B\%mu@Fgﬁa@ Rbupikd BEtwEER the hot terminal
provi des the gate control signals to operate the

H and thg dmmed HotcteoninglhPHeh 420 to provi de voltage fromthe
AC power source 206 to the lighting | oad 208 at
pred rmn | ' 0- i .
o021} B S8R BL R Kt A8 AR e inpu aC
supply vélesprfiopl € ACPomeupply 200NArzekd-trogsihf s dudined as thxptimedt
) to the lighting | oad 288: forward phase control )
which thegAfsupg areltase VepgsiophEem RASHIVESP neatYe Bglanty, (rcoramaegtive-
. |'_] . n i B . 1 con ct t 1.4 13
soing 2R SR L RomHo I ko dolif B BRIP4 o e o
crossing hal the byginaingruf eagnbalfisycde. Th¢ z¢rotdnessmexinforolatiagés provided as

. Zer p- Cr ossi.n war d phase coptrol diming is often
an input (T OO nESHET RO s gip SroNEPs mrowdes e iinsargis! Signals o
operate th@§ic¥iduetbriitch 320 Y8l Brovid¥ vattaaeBb the ABPHRE! Source 206 to

| ow-vol tage transformer or an incandescent |anp. In

the lighting Jeads2) 8t praseteomined| timi¢smelatiye ta the zsronirossingipoiots of the AC
swtch 420 is turned on at the zero-crossing of the AC
™ ne vol tage and turned off at sone point wthin each

hal f-cycle of the AC |ine voltage. Reverse phase

[0022] cont Gnetably OfwicCeclhisigdestade Gsat foPLortivdliggy/the @oder supplied to the
acitive |oad, which may include, faor exanple, an

ca
lighting l@ﬁ@89$:cfﬁr%arrimaqugebdmn@fa@ﬂrf@vefse phase control dimming. In
forward phase control dimming, the semiconductor switch 420 is turned on at some point

wavefo

within each AC line voltage half-cycle and remains on until the next voltage zero-crossing.
Forward phase control dimming is often used to control energy to a resistive or inductive
load, which may include, for example, a magnetic low-voltage transformer or an
incandescent lamp. In reverse phase control dimming, the semiconductor switch 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 420 must be conductive at the beginning of the half-cycle,



Since the sem conductor switch 420 nust be conductive
at the beginning of the half-cycle,and be able to be
wo oosas3sedf with in the hal f-cycle, reverse phpSEUS2008/005187
control dimmng requires that the di mer have two FETs
in anti-serial connection, or the like. [0023] The
signal detector 432 has an input 440 for receiving
switch closure signals fromnonentary switches T, R

and be abipp be tugygdioff withdb thebglbrype.revase Ritpge eorigl dimming requires
that the dfRel Ry OHETOR W Lfl ATUBIA oPaRpaNd. Swt t ches R
and L correspond to the ralisée and | ower sSwi tches
controlled by the upper portion 314A and the | ower
[0023] por t The sighdRiet¢craptS2tliagah ynpu 440 Her recdieingisiwtch elasate signals

actuator, 314, [ 0024 osure of swifch T cqQnnects the
from momgpiary %Yltcﬁﬁé Tskgﬁ%ﬁ Ld ge"é@flaf COEBPeRISHin g tmq? &V e gpntgled
by the stiQFn AATER160d SAhas RO 10HEsPOR ol HE rASliBgREE Whitches
hal f-cycles of the AC current to flow through the

controlled bgniad upper pottmmn. 3 181Acandr the fwenpiortedie3l 4B, aiespettivall g @f the

. .. cannects the jnput of the signal detector 432 to the

'nter‘s‘tyﬁqﬁe‘ft&”lﬁcﬂéﬂt‘?r wever, when switch Ris closed, current
only flows through the signal detector 432 during the

[0024] Posi Clyrd et fwitchCh SnrRbtsttheinpht HONE kighaldetetdr3?2 to the DH
because of a diode 434. In simlar manner, when switch

terminal pf the dimpsed02,candrdaws bathpdsitbiesand megafiie hahlecysiagrdithe AC

dgt ect or 2 duri i ve h - l,es_.becau
current 1 b & i aft i Aok el 0F EFNGhe SSRGS B HE TEHREEHRRs e
input of thB €ighwl detdresr 482 R theDH ferrainal. CHowevkr, whéeh pritoH Résclbved,

separat e output signa resentative of the state of

I
current oplyeflasyiy theened the sign desecias 4Raluine torcRfit v hadi-cyples ofghe AC
power sofﬂ'cg%% b%@aJsQ %lf fa'd'icﬁfe AUt ﬁﬂgitn%{l]arﬁ%ngf, mh sqf?tltcﬁ‘it @rcll]olggg,
I'ndi c C and’a na e

icates a closure of sw sig on t
current ofBCluwds thodyphtthé sighaladeesctar 43R akuwing tid nepatite half-cycles because of

) Simul t aneous signal s, on both Qutputs represents a
a diode 43600 1F S1ERI SEIFALOH 5P defteds iheh @ﬁ@&é‘éﬁ%ﬁp%mrloﬁqeéﬂ%&é@nd

rovides 5L S S HIB LB Bh GFU 0y ASBRNGR) & s o

microcondiohtee#2@ 04 sgnel oulde fashadpst dfohe sigmal deteciond 32 imedickitemaelosure

M S N A P T
signals off WbIhqlﬁﬁutaﬂrepr&ent_s%r@o%ul@ﬂﬂsvdiit&ﬁﬁs THS thicrdpfbcésOr cor}iﬂt?lheé 426

~wire connection is nade between the AD term nal o
determinesting tdgrafiomed c1020zk inmesponhse adnpws fifonathe signahdetetomndi2.
202 to allow for the comruni cati on of actuator presses

at t r . S ' [
ouzst % M RRS B s o ARe0 A SRl RNl
from a re@fots Wichihreth aldepafite walok. The rérhéte dafmlee204 zhided @4urther set
corresponds_to the action of sw tche and L .in,

C ‘ hes 1, R d L.
of momepagy siviighes Tady. andde 2pfl dindse 43¢ 198d A frotTenedt inmrepnnggiion is made
¥ if4\ot ¢ iR B0 AR (R fhA A theldmbher 202
between g%e@gﬁlﬁe r ellrrr%l?zmé?ra&rer agggf&?ﬁer efore t aer efhles a o
to allow foeelee daommomikcatiql ef dotwcrdr presses at the remote switch. The AD terminal is
connected to the input 440 of the signal detector 432. The action of switches T', R', and L' in

the remote dimmer 204 corresponds to the action of switches T, R, and L in the dimmer 202.

[0026] Since the remote dimmer 204 does not have LEDs, no feedback can be
provided to a user at the remote dimmer 204. Therefore there is a need for multiple location
dimming system in which the remote devices include visual displays for providing feedback

to a user.



di nm ng systemin which the renote devices include
vi sual displays for providing feedback to a
wos@s/18gMMVARY OF THE | NVENTI ON [ 0027] Accor di nBCT/OSZM8/005187
enbodi nent of the present iswvention, a nultiple
| ocation | oad control systemfor controlling an anount
of power delivered to an electrical |oad froman AC
owWer_source coggl ses a main | oad control device and

SUWA:BYQFDTH,EIIBWGE Nol device. The main |oad control
device is adapted to be coupled in series electrica

conn t
007 SOBEH AR A MBACIRE SOUERBR 0l pion o
control sybtdrn fer eaitrotirighen ash@ott of pewer dﬁlndﬁrednd an sleonmahblaé ftom an AC

conduct a load. current fromthe,K AC ource .tq th
power SOICEPPEISFS 3 B4 1096 conteahsiericr 4ad 2 Efiptedpad ertob dpace. The

main loa@g&m& delie l?sea(ﬁﬁféﬁltg felcBuped ireserieh @EEHCQP&O&@&WétQQen the
h conprising a power supply, the main | oad control

AC poweui esvunce apdh thet diertreatboad fooaehtrod of thel amiwunit o€ patendadivered to the

L ed | serie ele trical conn n between th
clectrical Agad G <" ShsrpbiE Caranrie Brd e AR e Chnaer SSutpe s the
electricaldb&l. OPIY Rl dte foad %@ﬁ@&c‘devﬁ:‘éhﬁad@%ﬂ o WelBpleliiRBeridi@]Atrical

power source to the electrical |oad. The renote | oad

connectigrowith 6pmgEsing @ poviep UMY, the pwiteload gpprel devipeiand amaq@tr@@e load

control B S OB Y oL oo BB e EHC BBwer

source arid@Hé 6Rciritabipad, &ihldﬁs hl@o edhddperablecioaoging aftliBad ourddt @m the
t he power supply of the renote |pad control device to

AC powegharnige te Hieclrgiriqahoadc c,Té@s'@mytevaad et deYige OMPprisgs a power
supply 1@%&?5& dbeofurt%e{' L\E)] ltfe Rai dl%?%@&‘ntpo@ﬁ%(qcﬁ s 88@1 an

ad con evuce an e renote
accessorg @iringd| Titembineloat eonmppd daviteistapecabismnsorgnableen okating path to
ot her VI

accessor ing duri econd. tine
allow thepawes qupst YPE efsmetecipa eonrmioi%w%&ﬂr&? %0'1351 hp aegrasory
wiring d ﬁl@?ﬁfn ?gnt)@%f Bh I:?‘;t‘:@/Ele'orir et #h€main load

oCat i on contro system ontro I'ng an anount
control dc\ficq:)mvdethedehowdomﬂcdmodide‘ebealterqpcaibld manbnfmmncaatﬂ wilB each
OWer source.conprises a nain 3 g&l V|ce a
ebthey

other via ey eees Qs VU GUINGAT oM FBF PAEG 5 Foad- s de

renote | oad control device. The nmin | oad control

[0028] devi agchrAmgitolanbdst Sfbb&EhEnNaf tha PaRbAn{éntion, & aliMisld location
to the AC power source, a |oad-side term nal adapted

load contre) su@emofepp@nrqlbng preampurttafipesier Aeligredatachnamieciiead deag fyom
an AC potvgt{agi)&%e co%@gsésl anr%fn‘?ldg?d &{%‘L{R)tl ?e%&a% I %n{ 5ér) #ﬁ“ﬂ"g? 'logaﬁ (fjoflgol

e coupl e I'ne-’si

device, ahd @ |GaicHi8s ombté Byadicoatrolodevidee Theinmaih deud coaftbl @dvice has a line-
device, while the | oad-side renote | oad control device

side termingl adaptedlp Reraypleddo reefCirovieR soyrend. 19adraide d¢rminaliadapigd to
e ol RECREGEPRRY 3T 08 iy o RS o
control devin¢ isaldapieid ite Bs cingiléd wathp tlins-gideasvatinal and to the accessory terminal
of the main load control device, while the load-side remote load control device is adapted to
be coupled to the load-side terminal and to the accessory terminal of the main load control
device. The line-side and load-side remote load control devices both comprise power
supplies. The main load control device operable to enable a first charging path to allow the
power supply of the load-side remote device to charge through the accessory terminal during
a first time period of a negative half-cycle of the AC power source, and to enable a second

charging path to allow the power supply of the line-side remote device to charge through the

accessory wiring during a first time period of a positive half-cycle of the AC power source.



supplies. The main | oad control device operable to

enable a first charging path to allow the power supply
wobomshessioad- si de renote device to charge thr opghustes/ 005187

accessory termnal during asfirst tine period of a

negative half-cycle of the AC power source, and to

enabl e a second cha;%ing path to all ow the power

[0029] supplAylosd copfeol derice adapted fordise injalqadeontokystegehaving a remote
t hrou t r L[] ri ' i

convol o 2488 5B 30 Bl Dl 5 47 R s fom

AC pow&GU0fe 1§ N6@8¢scAbbd berettnMhedbadl eyttt daviaptefipfisys ansecésgory
a load control system havi n% a renote control device

terminal géaptechio heipuplsd)tp ey rem I devippieshargang pathder allowing the
(W I S .

emore oGAERGeL g ORI A AR AR, YE6 i B vl

to transnficariSeoiye tigital massagetayih ek dcoesserycterrpinal] ahd acbrtroléarebepled

control deyice, a chargjn ath for allow.ng.the
t0 the chirgihg RA thgiragess e i 63915%?1 CPRFRTS i EnE Reth to allow
the remogeﬁfg)%ﬁ%%é’vi&@{grﬂr%lcurr@mt th?dagﬁ%e/@ace & fbhfhal Qulif PRt time

receive digital nessag€s via the ‘accessory
period edchrhalfricle afiible ACcpowerablee, aulupinsohits and heeeolea iy digital

ath and the transceiver. The controller c rols the
messageE Rl o0 TEMA UV haoa e eaiad et Bbrsue o) e AC
power sodf@W current through the accessory terminal during a
first time period each half-cycle of the AC power
source, and transmts and receives the digital
[0030] nressapesrdingitor anether embediment of therpagseauiny erfica, 8 deasrpntrol

vice o T RPALS, SRRD D615 ponfls VR B By

line-sideilfateeirhidal, adoddaide torattehinglen e eavdapteefhiriadra bidizedtivnal
~ load control system having a renote control_ device
semicon@usigTrsmg e, acontidlesaowes sHpRlys piraRaceiver, aadh 4 japd seoad
I i.nal . . en i i di i |
svichin L0 e T RARIT T Bbieato B ELEASH OB poer
source, WHiRA€ Badeside ldad tdrmimd] isadhpsedaoibd ceupled ko mgelectricalilbad. The
The line-sjde |oad termnnal is adapted to. be _coupl.ed .
accessory {erapnakes ytopksd te Decewpleqiy the Temete GatoLdics d@&%dlrectmal
semicon?tﬁ:&gJ sr\ﬁ{]ch'c%uﬁ‘lgém 6icks QlficaPERRE i SPb el ficlieSie load
oad. e accessory termnal 1s adapted to be coupl ed
terminal ind tHedoadepide doasitatminkl fide comtenllig thetposkier delivavedato the electrical
sen conduct or. switch upled in series electrical .
load. The SRRl GReru iR upled ' prEaedus oL e BiFstignaCypmipanuctor
switch fdrQafiesingGhd Biaftesfinal §dhichiiucfRRiviteh thitfictiVe aRPHER-conductive.
delivered to the electrical |oad. The controller
The powepsipply gerleyatesoupipplly veltagecandthraglanjonfput opgratiyely coupled to the

bidirectiopal .sem copductor.switgh.for rendering t.h .
sccessory ity g Sy D noBBYtATRF 1 SolbYioRd ooty ditghihdl during o
switch tiffRpefio@d TRt krdfsceiRe isupapiblStoRpdrsmiedrraé cite @ighblnakisages via

vol tage, and has an out put operatively coupled to the
the accesseretsnningl dusing meammynicatiomEme PREOS 91%1! halfz@iclegfethe AC power
source. fﬁé) Hfsg g\gitagné %lﬁcvﬂf Fsec%ﬁgfex t ﬁ‘[e.%&flgidg z{dr}gnﬁin?lv‘@ﬁcqnh?t when

I he "period. e transcerver i s operable to tfansm
the first SwitthigCeitoudt idiconduetivemhe pewer supply is operable to provide the supply

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

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



the accessory term nal during a comunication tine
peri od each hal f-cycle of the AC power source. The

wo 2008137 t ching circuit is coupled to the | oaPewUE®08/005187
| oad term nal, such that when the first swtching
circuit is conductive, the power supply is operable to
provide the supply voltage at the accessory term na
and the transceiver is operable to transmt and

coupled tpdlafitst ardl sicond syrieking eiscuitsor prleitvebisrspdgrinednaifing and
t C nd swi tching
second S‘g%ﬂéﬂgf 19c|9§fs COX&I'JE?C %/ﬁgogﬁﬁ ?Iﬁgﬁ}sﬁje%ﬁbad term nal,
such that when the second switching circuit is
[0031] condHattherpa rdniste pandecontrapgdwce alapdrfablse iha lpadeont®] system

il T B WA e
compriseS b 'aéé%lssd?ﬁ ?’ lrﬁns‘cg e@&ﬁe‘?ﬁﬁ@ ko trhrRbdTE A1 redetib Reifahe

negative e controller 1s
messagesoyie theet amedsyr,}cmphew taccohtrelléru apstatianly epleddo dwi trazisceiyger for

transmlttg%Eg% Idg%\}\)ltlgé mserfbgﬁ%a :11\&/%:5 g;:rsgz?ﬁ]d AR t%ohrgﬁérla{usletll aarp&j power supply

coupled 16 PLRERIAlYmBAS ket re&&@ﬁé]a sﬁwly%[ta%@aﬂdeg&kﬁitlh?%d

control device adapted for use in a lToad contro _
substantlsljostoamﬁaemnmﬁeiodoﬂtag@foamowmuathecﬁonpgm Thel novear supply 1s
electric source rises
operable e ECkriRe sy yahle AP GBS Gl BEHEF L £ BRI A8 e
AC powdrs8i28] dndanél corftfotiey & dfctdbli@lo MRRANOAT réceivd R digital message
accessory termnal, a controller operatively coupled
during a sesondh imerneniod off therhalbeydle.ansmi t ti ng and recei ving t he
digital nessages via the accessory termnal, and power
[0032) SqulAnyg@xHH by ?gorlitpol ggaﬁ%gﬁﬁtocf ok H%lrl\aérecf f%rqr{ 8E&HYAM8d
a enerating a substant
from an AGWomg Bdntrudm dZXBad Qbhm@lESyﬁtem 1pol\u€lmgnagnh1|ndomcbmmml ldevice and a

e po supply jis er abl o charge fr t I
remote 13 cpRGE A iaE GTiprioes BE SIPReT b SHA0R S0onar Pud b Hrimote
load con&&%e@gew 3 gf)ﬁfevolﬁﬁg dbise & ﬂpstt kitde RIrodDf Qﬁﬁ!t@@cﬁs $fQhe

transmt an ei"'ve the digital message during a
AC poweseoumd aridn@) peminadicafing tlgltlahﬂnfessagesl tetw E0tB2 matn hesidhvodtrol

devie e PRSI T BRSPS R R S5 R Bl ccte
control systemincluding a nain |oad control device

[0033] and act&rdRigtiol apdthef AdPetdf tHE Piesent GAVERLiILE SSmulE16tRRSon load
of: (1) charging a power supply of the renote | oad

control system fexl canirelling dnvameurtiof peiyen delivereddg an gleeirisg! koadiffogm an AC
power so[ﬂ‘c C(Jgﬁrrfsgs a Slfamal ?fillcgntgﬁ}icdesnc?fa H?ee sﬁgr&g&@ rloastpégnﬁr%l device,

conmuni ca messages between

and a loaﬂ&ldt refiate bﬁdlbbm’roldﬁvicee Ths ehdif R)aﬁefmﬁr&l devixe lmelatlfoolermmal
evice during a second tine peri od of the half
%401%6 be coupled

adapted tp@e@QPplAéé%m% POYCRIRIN PR 2 A@Bt?é hopterpifial gdant
to the elecm{:?mo' {i’ rhndaanrgﬂkés's&h'ﬁ Jg?l%@lt 'ﬂ{é I aﬁd& Aft@loaﬁ%hﬁ"m P dRfce is

an ano I|vere
adapted telbe&bnpledlto thedobt temnma&tand\(b me\aecessmryrtermmadmf rtlncsmslraload
I t
control dEY‘}ﬁ?n’r‘i‘)tﬁ ?cgag[s? e r(za(rer\l/otg ‘Iaoad contrcl;llede%ce 1s ac?apt tde to be coupled to the

dimmed hot terminal and to the accessory terminal of the main load control device. The
accessory terminal of the main load control device is coupled to the line-side remote load
control device and the load-side remote load control device through an accessory wiring. The
main load control device opera‘ble to transmit and receive digital messages with the load-side

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



and a |l oad-side renote | oad control device. The main

| oad control device has a hot term nal adapted to be
wa@owplies7¢ 0 t he AC power source, a di nmed hot PeT/IBI088/005187

adapted to be coupled to the electrical |oad, and an

accessory termnal. The line-side renote |oad contro

device is adapted to be coupled to the hot term nal

and to the accessory termnal of the main | oad control

messageggithdbe lingrside remate) lpadicantigb devispdwingasrcophhribicyelévi ce
d to the dinmed hot term na
immedia %ﬁcﬁw‘ﬁgtﬁaeg%eggﬁo%%lgr m nal of the main | oad control
devi ce. The accessory ternminal of the nain | oad
[0034] cont oloadevhtrel deviceadapted fmmsbhneallcbadesoatrdhsyseammt»embbéed

control device apd the | oad-side no contr
operable 4o gPRERl A AR SHPRLEASYSFFIP A1 RS itaElod fiort G power
source, a%ﬁ b g*—lséjseé’ hﬁ@s@@%rﬁﬁ&%oﬁt? tdedReFohipRATh fh%C&C\{)%wer source and
1 git nmessages Wt oad S|de renote | oad
a load-sidoramask coeivolclevidacongied td thesdectridal laaycisalsoatedcried herein. The

transmt and. receive,di ssages With the
load conrp [V pontimivgt B3t Ak Stelng oAt RERTER A RtoD eamingh 2
b1d1rect1&ﬁil fselﬁié%h&ldtmlc%t & k¥nit@ldr OMdNOrarREeil ér Sthelfak( andsebénd load
[0 A load control device adapted for use in a |oad
termmals:mmaudapteé ycsb@munm inrseries elpetriadll cgnn@pt’@orhehmenahe Afopaer

0 an electrica
source aff (R AEH T Io0ZhEe Uik P eSeBie Rl efBeb ER Al e
line-sideG@di16&1-6i@¢ Pdrfdte ContkdlaleMeed OTRE bﬂ%étmaammaohmebr%m@h is
renmote control device coupled to the electrical I|oad,

coupled befwger thederstandoregomndkload termmals, |suelithab therbidiressiongle
se:mlcon&i)c%)rr év&’l?c% E ﬁ)g‘rgbl%qg céﬁgﬁgﬂe é&@g' &e%(/g?eﬁ% the eggctncal load. The
essory tronal “sem con
controlle&‘s\i‘d dspdﬁam&l}emu;ileﬂ toed con@rollinput 6 fths tb&imeetlonaThemfdohdlnctatmiNltch
econd | oad termnals are adacgt ed to, be 8oupl ed

for rendegiyg (B bIHIEENFNA AFMICORAELRN SHIBEORLNIErE Renﬁswélfctwe The
transceive? I o Fe'a ottltfbeac%ls%gw feﬁ@lnal %ﬂg’ls il L&@qrﬁ%ﬁﬁﬁ§ﬁﬂﬂ ital
Cerm na to e % d

IS adapte e Coupled to t I ne-si de
message$ odtil-the thadrsidateenotoodntmll deeive dersng Fowitiva Ikl f-eytiéspad to
sem ¢onductor switch i s coupl ed between the rst an
commuriGaiR A REr Py Ul et Hemote SOTEab g PELTibpeive halt
cycles. Sém conductor switch is operable to control the pover
delivered to the electrical load. The controller is
operatively coupled to a control input of the

[0035) Didi f&%ér%f@@%‘bg@%&ﬂ%@m@&Derfd%'hv&%a@@ah BRctiesl load

bidirecti ch conductive and
from an A@pmrckoutcle\cempﬁlses the ateps of: (&) cdupling aphanl 1ead donrol device in
acce t.er

i b t
series clghigsAl Apiactioh BEMash 15 ARPaELsodrh and the b hatH) by the main

load con%}/ﬁ&@céjlﬁv'lﬂga HQtStbﬁhl‘ﬁﬁl Jﬁbfe'dqw Gk @@upl@@ﬂ) the AOPBWEE SRR, a
I gl t al nmessages W th | ine-side renpte control

dimmed dtet/tecmmau acﬂapgedwtegmqoveleﬁ@ thgﬁdﬂélscal [l@@is B0d fn pgsickrody terminal;
@ coupfifge e eid e RRIATR ROt AR b e ot R B i g
control deVRRS(coufling £de!sidedemoreliond toraebl denice @b thdalinatedihot
terminal of the main load control device; (4) coupling the accessory terminal of the main load
control device to the line-side remote device and the load-side remote device through an
accessory wiring; (5) communicating digital messages between the main load control device
and the load-side remote load control device during a first half-cycle; and (6) communicating
digital messages between the main load control device and the line-side remote load control

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



series electrical connection between the AC power

source and the electrical |load, the main | oad control
walessassshavi ng a hot term nal adapted to be cop@i/es2008005187

the AC power source, a dimmed hot termi nal adapted to

be coupled to the electrical |oad, and an accessory

termnal; (2) coupling a line-side renote |oad control

device to the hot ternminal of the main | oad, cont

[0036] ey Qher(features apd pdyaniages qf theingesepiinyent1qnoyyl faf&ﬁmeapparem
o f
from the BB sk DoAY An It oh Thalrplks 8 tnd Aollying Wpwings
the main load control device to the line-side renote
devi ce and the | oad-side renote device through an
BRIEF DESCGRIPAIONOF THE DRAWINMmSuni cati ng di gital nessages
bet ween the nmain | oad control device and the | oad-side
r enote oad cont r eV|c duri i r.st. h
10037 ;0P gy Rt ol ush Rt e <nln e’ yiln i Brdvings o
form, whild i§ pkdxaskl¥ preféridd, dmirfgmxﬂe@tddmehbwa@rahdﬁhe @eheon (saeht
control device durlng a second half-cycle imedi ately

limited tq Hie|RsodisRATTANECMERi§ AN ammwetaéltl[s@e‘mn dhﬁeﬂeawé%ﬁt%lﬁ
advantag@?gf ﬁgﬁ?&%ﬁtgiﬁn%rﬂt;onf o(hl %r\?\n&?]lg Qh%%rgx\r(thﬂ%ﬂll gln% %3' lo h%e&%@ﬁptlon of

the mveritlltm&liﬁtlr@tbrsttbahe ibaipanyiag dreviags mmwhmhl. ng dr aw ngs.
BRI EF DESCRI PTI ON OF THE DRAW NGS [0037] For the

pur pose of |IIustra ing the inventio ere. i s shown
10038] ' T B drestlontss R artras s e paeanetinshigRs Bt
three- WaxtswlﬂFhJ%g under st ood, however, that the |nvent| on is
mted to the precise arrangerrents and
instrunentalities shown. The features and advant ages
[0039] of t fég. dBeshomts anrexemipicoof apridr abtetbmwap@mmswmbrmth@

n scription of nve |on that efers to
including e SRS o7 Bite ot e a2 P adfech o™ T a
shows a prior art three-way switch systen1 mhlch
[0040] i ncl Wies O sidwishy fréor\watyfoaivivag Bechin@@3&9¢mFi g. | B shows
an exanple of a prior art three-way di mrer swtch

system i ncI ud| ng one pri or art t hree di nmer switch
[0041] ang & Mh \ﬁr"{) @]WWWV\@E“%W’a prior
art four- may smntchlng systen1 [0041] Fig. ID shows a

(0042] Elr igorFégathls PERPIE BIBLE dMBMnt ¥ & £RIdA0pSYSireMult e fthtion

. is a sinplified bl ock diagramof a typical
lighting qumitrot system hraving gldemimee awitonand greniotg swsalr ol syst em
having a di ner smﬁtch and a renote switch; [0043]

[0043] ?mfg S3W|sta Cf{]ong ]é’let“ﬁ% %vﬁfezr lrﬂFHgﬁ%Oonlé %tglﬁl{rﬁ y ﬁ,]v\q chtorﬁhe multiple

location Ggitingdontids §eer@bf Figd 2; 2; [0044] Fig. 4is a
sgﬁhﬂééled bl ock dlagran1of the di mer switch and the

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

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

present invention;

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

remote dimmers of the system of Fig. §5;

[0047] Fig. 7 is a simplified block diagram of the main dimmer of the system of Fig.
5;



switch of the multiple location Iighting contro
systemof Fig. 2; [0045] Fig. 5is a sinplified block
waolcagnassrof a nmul tiple |l ocation di mmng syst enPtiBUSIIGS/@05187
mai n di mrer and two renote1di mrers according to a
first enbodi ment of the present invention; [0046] Fig.
6 is a perspective view of a user interface of the
mai n_di mTer and the renote dimers of the se/stem of
[0048] . Fig. 8nppamplified schematicdiagnan) ofra @uTant BERC Gircayod thomain
mnnnmwﬂﬁﬁ in dimrer of the systemof Fig. 5;[0048] Fig. 8
%t Sinplified schematic diagramof a current limt
CIFCUIt of the main dinmer of Fig. 7; [0049] Fig. 9 is
[0049] a si Fyd. Ofis edingplefpdatiagramenftarteanscayerarf thf maimedimemer of Fig. 7;
dinmer of Fig. 7, [0050] Fig. 10 is a sinplified

[0050] s_che 1%'1 gl%p?rple?éﬁéeﬂt t%h in CI r lilvgttcg.mgiﬁu}cpﬁ%gP @E&%n

dlmmercq-lfagrﬁm of the renote di mrers of the systemof Fig. 5;
and [6052] Fig. 12 is a timng diagramof a conplete
i ne_cycle of an AC voltage waveformdetailing the
[0051] oper Hid dh vt simpdifieddleqk dagramepf the rangaye dimmeggof thegystem of
Fig. 5; %nd 13B are sinplified flowharts of a | oad-side
aMul ti -1 ocation control procedure and a |ine-side
mul ti-location control procedure, respectively,
[0052] exechigd2lya eamiogniagtaneof méompketemixiemyrdlemfmn A vbitgge 7;

waveorsy dpainech@aperaianAl CacyIHIGRE T and & |1 no o) de.

comruni cati on routi ne, respect i vel y, execut ed duri ng

[0053] the Fg@dm&\ dfd #50 até ﬁﬁtX‘iﬂﬁ‘éﬁ ﬂwlchané SRl @Ri e kiOlocation
procedures of Fig 13B; [0055] Figs. 15A and

control piERdaeand |artp1|efsﬁdeemixfti losetherr cantuol prockdid, rehrbstirly, executed by

e and.a lin e RX routine, respectively,
a°°“‘r°‘%§8tﬁteé’aa‘8 FPW@YPEE% ad-side and | i ne-side
comuni cation routines of Figs. 14A and 14B; [0056]

[0054] Fi gsFighbr4AaRAd 16B ad¢ singlifiel iffowetlattd ofe lvad tsidefon@munication
| pad-side TX routine and a line-side TX routine

routine apg3 hag sidgeionmuieatipngguidng .r‘?ﬁ@e@twebr, HeRugdduringthe load-side

and lme-% ngﬁﬁ-ﬂfcétﬁQ%&}trg%eg aﬁg ??BofMé 322 r 14B;

i nterface procedure executed by the
[0055] Figs. 15A and 15B are simplified flowcharts of a load-side RX routine and a

line-side RX routine, respectively, executed during the load-side and line-side

communication routines of Figs. 14A and 14B,;

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

routines of Figs. 14A and 14B;

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

controller of the main dimmer of Fig. 7,

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

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



controller of the main dimrer of Fig. 7; [0058] Fig.

18 is a sinplified flowhart of an Idle routine of the
waois@s/1833ver f ace procedure of Fig. 17; [0059] Fegr/uisos/eosis7
a sinplified flowhart of am ActiveHold routine of the
user interface procedure of Fig. 17;[0060] Fig. 20 is

a sinplified flowhart of a Release routi ne of the

user i nterface procedure of Fr [0061} Fig 1
[0060] s aFig RPiis 2 piEp!Hied\ilavephert %QS%LRLF'@F% ftf‘c@@mréerface

by the controller of the main dimer of Fig.

procedur%?%?f%ozgj Fig. 22 is asinplified flowhart of a

mul ti-location control procedure executed by
[0061] cont Fd. Rénsa si&n;tlifedrfhx%ert@if aRX buffer progedutd exdc@dd]y the

Fig 23.i§ a si ed bl ock diagram of a main di mrer
controlle,af the gl dimymer g SnJ& embodi nent of the present

invention; [0064] Fig. 24 is a sinplified schematic
[0062] di agF?gmgflsabwmrea fWEKBH oPh nllf-lodationtewirdn fir st

and second gate drive circuits and a current sense
procedure exesutead hyncaptrodersrof thet miriote §i00BES ofFFig. 125 is a

sinplified block diagramof a nultiple l[ocation

di S
[0063] acg](;nf cﬁg 2§¥§ % Sip ;{]ﬂ%ﬁlgﬁocﬁ%&m ﬁ@nq%alp%f;%&eggg%cﬁd%gm 's&cond
embodnmem/@frthepmsemndvé@i@ﬁﬁ] Fig. 26 is a sinplified block

di agram of the main dimer and the renote di mer of

Fig. 25 according. to the third enbodi nent . of the
100641 pr osEfe 2 iy & AHTRIHicdSEhomatiorsl pEarrg e CRICB M RENRRS

soving S KNI NCRE i ornauns pamp psar

enbodi nents, is better under st ood when read in
[0065] conj Hig 25 ena sinplifteddleqkpbiagien afraawithigie loFationt climming system

having a Prﬁrr{) T Oz{?“drfﬁlgllégenélat I ngpﬁt:fgﬁ@lng xcg{a] ttllpgdq %P@ﬁﬁt% | St tﬁe present

inventiodagd erred, in which like nunerals represent simlar
parts t hroughout the several views of the drawi ngs, it
under st ood, however, that the invention is not

be
[0066] | i m il 26as 8 ﬁ@@ﬁ'@éumw diegraBc thnmaimdinruerandahe raneage
dimmer oglﬁ% ﬁsefeég()rc# eé’{%%e l{lgi ergbédﬁm@ntsdf{m% EIes%ﬁdl?ve%‘ﬁ%nd' agram

ocati on nm ng s according to
a first errbodr ment of the present invention. As shown
in Fig. 5, a main dinmer 502 and two renote di nmers
DETAILEDMDEBCRIPTHN €X¥5BMBODIVIENT)S QF THE ISVENTIONser i es

[0067] The foregoing summary, as well as the following detailed description of the
preferred embodiments, is better understood when read in conjunction with the appended
drawings. For the purposes of illustrating the invention, there is shown in the drawings an
embodiment that is presently preferred, in which like numerals represent similar parts
throughout the several views of the drawings, it being understood, however, that the

invention is not limited to the specific methods and instrumentalities disclosed.

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

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



el ectrical connection between an AC power source 506
and a lighting | oad 508. The main di mmer 502 i ncl udes
wa@2dvetizises m nal H (i.e., a line-side |oad ternP@BEIUF2008/005187
adapted to be coupled to the |ine-side of the system
500 and a di mred-hot termnal DH (i.e., a | oad-side
terninal)adapted to be coupled to the | oad-side of the
m 500. mai n di mrer further conprj ses | oad

adapted teé*ﬁtcrobpleé te &ml?a%ﬁdﬁ Pk thesastamerd0; Hidiepain Sirgmgr I hot

f I
compnsegg l%@cﬁg? o! Qﬁ%l.ﬁf)&fuﬁ)ﬂilﬁitl%e%e%nnﬁe ﬂ (dalfs?lfm&ﬂf@ égglg??lg
controllmglthg afuAr oftpeivadridelivérbd tethe rlghtmg toad I§|OQ (asryvill d'dfsenbed in
note dinmers 504 i nclude two, hot t al.s H

greater dGiaHl CHASSIRIEIEE (@ REB. yad "ERRRIAGITGH Han edwm%lﬂot tefminals
H1, H2, \ggﬁz‘fl EndRe theQohd'Eurkd d‘lﬁlI?fdn?ﬁue'&@%o@@igsou-;&%moﬂhghgﬂ@ﬁg

the renote nmer s each conpri se accessory
load 508 dTmmram énmne:a‘l(h? o the uthcﬁd dtmgletsw eacla campiisgdasessory
accessoyr L.an a or .
dimmer (ERRARYAL SATAEIgee 2 arersidry dirbhet CAGT RRESQ Gee.an

accessory¥tirf) € TRR AR dfnher m& %rﬁ@te'dﬂﬁmerst ] (W‘eﬁg‘obeﬁﬁli to
receive digital nessages, via the AD |ine 509.

communicaieni.elj mnsmlsmm macive Idegltlabmsseg@ﬁ, wathe ADlingl éthoThe main

dimmer {pg\%&drtg% F %%%QTSSO%)%Q{ hn?qj1 ggq%r%%low%ﬂg &bt%\h $ @r% e51de of the

AC poweMsb@€eis0b0 any | ocation of the nultiple |ocation
d| nm ng system 500. For exanple, the main di mrer 502
ewred in the mddle of the two renote di nme

[0069] 504 Tlhe aain dimmeis302 @msb@ WieaiRio %;}OO@QOWOI the meltipielocation

dlmmmgn,g%}g Sﬂ(ﬁ)e Rk e%gﬁ{)ﬁé 91&91'3 9‘3@%1{:6%'@8% \?udm?E)f the

e W red e system
two remas& disimenrs SB4gi.e.5d ﬁrs&\kér&d&tedimmf maylbb&vnrmll to thié limesid®0Pthe

may be wired to the line side oy the I qad side of th
system 50 garsesond r@m&er@mmeﬁmaéfsheﬁalﬁﬂ{ (R i e R 300 (as
shown mt(fﬁ%gsr%u lAH r{nﬂlvfegg thed AR EmiIRBS Ma #&d R){ tRY 'llﬂ]g gld'eQ)r the

ation dimm ng system 500.
load sidenditire Qismeﬁo(BOEurﬂmi mbe thambterediaterdimisens SHKI(eign cllpLIoI dour

remore 440 S e P Bl R P DRl gL S0 o2
lighting | oad may be provided at each of the nmain

(0070] di MMEhe 26k2n AREMENSOY SHOhE réth o RIHmeP 504 N ifdl @Rl achftors and
provi de the visual displays at the renote di nmers 504,

visual dlmw siehttkatdighting foad 08 macbaerntrelled fropbandeteedleack of the
lighting I%a Cr o / o°e§v318£3 t?e'h;gh ar &%%%Hﬁ%g%%é? ﬁncpﬁl Erlng& (&%&ers 504,

essor. e maln provi es an

In order ®YREVide VR tiags dépRYE At the rerdperdivniniers §04y tiErevndty didmmend@ach
AD |line 509 to enable the (Eower supplies of the renote
include agioniraller (5@4 & HIEPRIPERBSAM) ANGhE PAWET ?t@plsp&rppwﬁnpg the  a

wicor U850 T8 PRGIERIO 880 Al VIS £
approxmﬁm‘mﬂﬁl\%t) onithd ADeineCXO9\b enalfle the power supplies of the remote
dimmers 504 to charge during a first portion (i.e., a charging time Tcurg) of each half-cycle
of the AC power source 506. During a second portion (i.e., a communication time Tcomm) of
each half-cycle, the main dimmer 502 and the remote dimmers 504 are operable to transmit

and receive the digital messages via the AD line 509.

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

610 comprising an actuation member 612 having first and second portions 612A, 612B. The



each half-cycle, the main dimer 502 and the renote
di mrers 504 are operable to transmt and receive the
waolt@gistiads7aessages via the AD |ine 509. [0071] PCDUSBI08/805187
a perspective view of a usas interface 600 of the main
di mer 502 and the renote di mers 504. The user
interface 600 includes a thin touch sensitive actuator
actuatiorﬁmmb@rrblz sitmydsahrcaxghtaatteizdrﬁ ldsoisenta@ltohely semgitivierdsyice (not

o) G155 3 5 R8s BEB LA SR

dimmer §@2‘r°s' 6ﬂeYa%léjﬁ>Vdoﬁ?ro( ﬁl@ﬁnt@ﬂﬁ%f J%ﬁtz&gd h 1106 DS08H Rsponse
di mer 2 (and the renoté di nmers e main

to actuat(brlmﬁlthémuat@nop@nbdllﬁdﬁaf egbertthe matmémmﬂd@i aryhofenzote
nected lighting |oad 508 in response to actuations
he actuation nmenber 612 of either the main di mrer
502 or the renote dimers 504. [0072] The user

[0072] int erlfmgem@erfaéetsberfummgﬂmaa faa€st e #1 6, WARh hak b @bn-
has a nonstandard openin and nmounts to an adapter

standardgypgning|fd 819ad arougisitojan qdép.n@é@ﬂb ehahbezeh@!l 4 ishepsak kehgdethe
t
faceplateggfnknég{ egl]. K sg%gglg “tencg{%nﬂ%m)n Q"hgjaﬁz%tzp %)g'tglt eé t(%5 %9’oke (not

shown), mmu istadgpted tomdiunithe nd2diaitert 302 dandrthé eentitedinmes4 to
to standard el ectrical wall boxes. An air-g act uat or
standard@iezctlacrql Sialbpxss. A4t EERD ﬁcte@toam Ay nier aatiUPE%zbogw ngginal air-

o oA R BT slscag, 1o o

separates the | owner portl on 612A and the upper portion
[0073] 612B Tife teael @dtqslmprtsns abrdak628,1®hichiseparates thatlpwer pdrtion 612A

and the et R AT ARG oSt alisuuerie G gn WA g R R OE S PBss

portion G108 $fAhk Q&ghﬁ’orf ﬁl@ﬂi‘b@f‘6 120 19 thainalifinér 362 ¢Qliseathe connected
Actuation of the upper portion 612A of the actuation

lighting loadt568 6 mgle frem, onalio@fE(and &vidsrveade).6 Agtuaban o€ thetupper portion

6124 of % G ishaRtmhet Wgoher HEsoBTPiedR o2l ST sl orme
lighting Ba@3@8th ehdrpegdé A 16fel Hogendertlioh ale HERRET ofdhe acthofidlony the

Furallty of visual indicators, e.g., a plurality of
length of thgtectuation mepperPbdles (LEDs), are arranged in a |inear
array behind the actuation nenber 612. The actuation

[0074) TEMTDEL ﬁ&%ng%f%f%gﬁpgﬁfc%@ré % rgafﬂlﬁ%'iyeehlgtﬁ%hﬁld@%o&é}e

LEDs rab te portions- of
(LEDs), acd arﬁd;ngedl ime hhear. arr'ﬁw(l»elimﬂfthaﬁ,r actbatonl membérH 2rélthelaetuation

| ocat ed behind the ovver t|o 2B, such, th t he
memberi6]gat SSRANERY TepRIeheHoH Gt O asalhEPEaola BRIt

portlons o'f 9&3 actlfidn niEnbdr SNt @i fleRAH cABBLEDs Qﬁhy%plo%tﬁ@ béﬂlﬁﬁ‘ afe
ight wth the lighting load is off. The LEDs behi nd

lower pqrh@n Gb&rsummat the lewarpertien if iblumanated |fer, exampde, anith blue light
when thé llg}ldmg (? 908el is on an% with orange light with the lighting load is off. The

LEDs behind the upper portion 612A are, for example, blue and are illuminated as a bar

dlmmers

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

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

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



graph to display the intensity of the lighting | oad
508 when the lighting load is on. [0075] The touch
W@ eonsi1Bigve actuator 610 of the user interface BODUS®08/005187
described in greater detaili7i n co-pendi ng
conmonl y-assi gned U. S. Patent Application No.
11/471,908, filed June 20, 2006, entitled TOUCH SCREEN
ASSEMBLY FOR A LI GHTI NG, CONTRCL, and U. S. Provisi opa
[0076]  pat efite: Adppisimplifisd bdack dipgiem ofghe gin dynmer 3¢Zea¢canding to a

st emofhpy s he @l PO C ML Tt o B ireciona

semiconduatoe stvitah fll 0,008.i @ $acaceupiet edy eemtherhpo teaéh! blyand the dimmed
ref erence. [0076] Fi as lified.blo ram
hot term‘B?l IPHetorﬁﬁ“Lf g g@?’%ﬁoﬁ“@i t:hg?{h& ‘%tef‘?‘Fys?fc ﬁ]‘?ﬂtﬁﬁ H8nt
load 508.°f1"€5 g@mf&)ﬁ&ﬁf%r w1l uldTJi@n%v@lepBe'mgﬂelﬁ%e@ BPARYsuitable
a brdirectional sem con uctor SW t , €.¢., a
bidirecticmal mncmmmtwdwmhmh as,Her eraimptlerafEibin #Hfidhdayvbecctifier
term nal to control current . .
bridge, oy, FEdg i Suiraeren SORRIsOny e ar Jrgp insi S Ragh Binelenigagion
transnstoéth;Bine TIREeMMVHAGESF sveitdH 7:1h) HakQ cottbfinphit @ xate), wehi¥h is

be inpl'enented as an¥ sui tabl e bidirectiona
connected ¢ gatedimnye sirceini’i 2h The Lrtpht tosthe gate rendenpihe, semiqomitugtar gwitch

710 SCICCélgﬁh cgpﬁlgﬁ{v%gotlrln%h gcroBE EWPWEDIP E{%gonétg?lg% %Seér supplled to
the lightihp/Tsaldiso8, t ransi stors (I GBTs). The sem conductor sw tch

7 O has a control input (or gate), which is connected

gate drive circuit 712. The input to the ? ate
[0077] endé\r%omw@%?s}ﬂ iEoRaTdledp cenirelthe ?qmw@eqileré?r. yafgh 710 by

proviang EHEN 15l BOTLERUCIAYET LRI AR WBRLEok)
dimmingaechniclel &thetbdtroBerdfidmait be by nnmablea:lontrbkber such as a

sem conductor switch 710 by prow i n trol si naI
microconiglih & TTeTaR RO & PREEREHES 08P Ve P F e AD o5

specific 1?1@%(’&&1 c1 mASIC? e?HE‘ b&%?olle?ﬁ%o‘&ﬁﬁﬁﬁ@ blz8fo- Z&éslﬂgﬁet@& circuit
sul tabl e controll such as a m crocontrol
716, which detemmioceths aero- eropmmgpammﬁ]tbe Abgine hdtage froPR)AC power

ooty S TR S PSSR SuGhll B ™

semicondictdréiwitci 260 td¥HuS @r&ﬁ&@%ﬂd@@?frdnh theZRC PoWeP SSIPIY 5@6)tcmh§
of the ACIline voltage fromthe AC power supply 5

lighting lvhféS%nttprgdfttemnchhngﬂ@ﬁ eglattvedo threzagariceossimstposits of §\¢a$§ line

to operate the sem conductor switch 210 to thus

provi de voltage fromthe AC power supply 506 to the

lighting | oad 508 at predetermined tines relative to

[0078]) the Theaseariassfab@6c@istoapled té the céﬁtrbnere?mkamgaat the controller
0078) .The user interface 600 is couplgd to

is operab WtrP%ﬂlY?e‘rnP?tfzfm‘% mtoyﬂaﬁenﬁﬁwe@%l@% png & %fﬁ%&oéb‘}eeLEDs to
provide f& Ha@l? FRe dnitRidt 3 \ﬁgep %E%gh?lﬁgﬁg%%ﬁ%rteﬂ Y& tRqighahLoad 508.

t 0o contr O
The electrical mrcuntry of the user interface 600 is described in greater detail in co-pending,

commonly-assigned U.S. Patent Application No. 11/471,914, filed June 20, 2006, entitled
FORCE INVARIANT TOUCH SCREEN, the entire disclosure of which is hereby

voltage.

incorporated by reference.

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

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



provi de feedback of the anpbunt of power presently
being delivered to the lighting | oad 508. The
web@stisiscal circuitry of the user interface 60BCT/5S2008/005187
described in greater detailisin co-pending,
conmonl y-assi gned U. S. Patent Application No.
11/ 471,914, filed June 20, 2006, entitled FORCE
| N\VARI ANT TOUCH SCR he entire disclosure of whic
actuator §19. ph mamory 128 e fohe senteatlen b4 andis PRErabledtosiara SBntrol
conprises an audibl e sound
‘“ﬁ”“”“ggﬁgﬁg?gg%f§@$%%§g ed to the controller 714. The
controller 714 is operable to cause the audi bl e sound
(0080] genefTat air-gap8witoh ﬁ% ducomplad 1a el ¢l lEtwcnmtdie ihnt teem'pxahH@.nd the
ensitiv ctuator 610.

semicondygich b T The fisie2h SrCh 22 BEnt pom AR -S4 shaaiate fowhich the

semncondﬁEﬁfr%Mt@h t7‘PO %Wugle‘aqmsél%s d1ttREATRb AR bEt'W%eH%enAC CPower
di mer 50 The air-gap switch 722 is cou

source 5Q6ranglgh¢ laghm lgad 508 h&hentthe eir1gap aivith 222 ist detuated (i e in an
conductor .switch 710.. The 7
open statBp e A b Ylcttplob it 4F Aol Br B BB RNsh e B PoRr Source

506 and th¥flighting 1ad 1598 C TP laftbdpwiRhi7e3 aBb®§ hhus&ab se@deant 1ighting
bet ween t he AC power source 506 and the lighting I oad

load 508 Bathoutthemiskeé clgriricghghoski Thp mappdingmerciQZafughier Goneprises an

inductor %‘4 (f%eg c%l%ﬂ% E‘z)li)pertbbl%l %lﬁ&ﬁ%@%{o i& ﬂlt@lj’f&\éh&e@&gﬂ fﬂ%h#gl

Wer Source
I|ght|ng | oad 508. The air-gap switch 722 allows a

[0081] user The ngs dintaert 302 intlydes mgowmpﬁ@&m, ¢ ng atflytbaek powkr
of electrical

supply, v\@é royiles hath;i ﬁg Eapl -ylggf-lsqlatg&I D@Egﬁgkvgltag%sr hIehe power
supply 7% wg%:ﬂ% ?H@geghhﬁl e l?aflﬁgﬁffl Cv[ﬁm:}he bidirectional

ring. The nal dimrer 5 ncl udes a power
semiconchlm:qnlsyvitEB 010¢ qs xgm-ccmdﬁlbgmacl"(hqmmr sspp|730 stoips drawing current

e LT 3B SO AL g o
730 may Ebl%plq@é}b &th’fgm‘&fr (ﬁ@@l‘xo%k f TRy ﬁ&\ﬁeﬂ’ﬂﬁgggr '/itj;ﬁnay provide four

directi onal sem conductor switch 0 i
output vcmagess oorie of mhich Maebe pmndesilhymlgenmwmdalpﬁ erthwrmgsformer-

The pow g ybpl TRRRp IR 2 Bsblr L OC T SRR 7 3 i) o

powenngcmembh@cmei 718 A8 beHerw (oIRigeShiRwiy: of-lfhéinﬁm\@llimﬁél'pfmﬂ The
730 may provi de four output voltage sonme of_ which

power supply 138 qbs%&qn@@aesmﬁeapmcénwmselmwagﬁg@%WOi%ﬂ Vee (e.g.

80 Vpo), tf5!3{1’§ J{%we-mgr @g\/}ﬁ? tllzigga% &%ﬁ’bé Hpﬁhggﬁ r@g‘f&?{efﬁetall below.

The pow@Gsupply T 0t diso pmnide@hltlard idrtisalate oD Oayutpurwoltadd dge (e.g., 12
circuitry of the main di mer 502, Theﬁégmer sugply 730
bothich arg

Vbc) andA %38“§élﬁ§r1%&1é‘§d QCSe!etBHqu!E?ﬂe Voo e dd diof shpwn in
Fig. 7. THESEecsfl g, Y R non 180188 S8 SR B2 Sf&afe}"’é“ﬁ’“ﬁ ow
referencedhe apmwasolstleﬂ pirgui? 8@madoso Aot exangpds ofithe ipomer supply 730 1s
descnbe:ci1 n grlaa?tm c?ettael m[%:%ng)nl{g lflzas\sll(é}lé(?%es \Iérows&)nalq’aten% %pphcatlon
Attorney Docket No. 07-21628-P2 PRI, filed the same day as the present application, entitled
POWER SUPPLY FOR A LOAD CONTROL DEVICE, the entire disclosure of which is

hereby incorporated by reference.

[0082] A current limit circuit 732 is coupled between the second DC output voltage
Vecz of the power supply 730 and the accessory dimmer terminal AD (via an output

connection CL_OUT) to provide the AD supply voltage Vp to the remote dimmers 504.



VDC) and a fourth non-isolated DC out put voltage Vcc4

(e.g., 5 VDO, which are not shown in Fig. 7. The
waeaens3s7e hi rd, and fourth non-isol ated vol t agesT/USDIAS/005187

Vcc3, Vcc4d are all referenaed to a non-isol ated

circuit comon. An exanple of the power supply 730 is

described in greater detail in comonly-assi gned U. S.

Provi si onal _Patent Application, Attorney Docke
The current limig oigeyp7 32imits thegnagmuds gﬁgleweagprpﬁgieg ,tcé g@nrpmote

B8 e b AT T R o

the currennimitpahet cfdhdyurrent Bnancecui T3288)a fAstoanrreantimit lavdl (e.g.,
oo s L NS S S By e
e Py Uy iy 911, AR S B0 Cul T
controlled 7 i farth@rlopEnable ter adpustt the eurtent limeibta se@ehd duriens limiitdevel
YRR X T RPN T o —

714 prov?&@tarc%h{rsf sigrdt 1] m@ne{oathé 6u1§‘éht@%lﬂ§ﬁ’cdxh’ﬁ320t6raﬁﬁm tHel diitrent
value of the current limt circuit 732 to a first

limit between dnatfirstiamd tse¢amdesurrent Ymit leyghs- oxi mat el y 150mA) duri ng
t he chargi ng time period TCHRG each half-cycle to

[0083] lt Iomc}ﬁAé rraﬁscg 1[ %lf al{olwgt foF‘ lfhee Jomﬁﬁcﬂ}orﬂé@fd?%igagf‘ne%%e%e%en

ernal “power supp

the mainG@fibie® |502 and ﬁﬂ: rbﬁlofelmhim@dfr 50Re Tabltantceiadj784 is ctd‘m@led to the
current limt to a second current limt |evel —_—
accessory dimmpr @umm@;%@%m%m. FARK)-nEhe Banssel QBRIpses a
T A .
ransi BP0 ' UGG U0 SRR PR, STLAP eoier 30
(Fig. 9) fadra¢sivingheigitalrsigmals fromithe eatove dimmbs S0drcsupleddo grecabDdine.

rent limt |evels. 083] A transgeiyv 734 all ows
The conifller P PERSHSAISEFSHES 2R ESPESTALE gl BemiBE FoeRT 920
and provfﬁ%‘s Ph 4 BTTE melag ANk (416 &mPﬁsﬁﬁtmb t*0¢anshlifer 900.

ranscelver 7347 1s coupled to the accessory di nmer
term nal AD (via a connection TX/ RX). The transceiver
[0084] 734 ddwpnais dgmmet ¥ HhSmther e¢m91@$338(fmstgmd9yccmdrswnchmg circuits

736, 738 nsm ; h@g%lrﬂéﬁsg%ﬁlg 7%?%?&%0218&'2\}%) ng %'WHP? otstglg-wgﬁldDﬁ and

the hot tefrfrﬂﬁﬁltl-h@hfo% 353 ﬂf—@ﬁ&%\ﬁnt&pﬁaoﬁﬂ)&ﬁvél tihe cARrblldier14
he control 'er 714 processes the recei ved di gital

provndeswefgghg@ﬁomgmléw Ette theclarst sreitchanmeisgyit TROoARddesscontk
convol ] §3 PR8Iyl R LRGSR A Rpnols

sw1tchmg ehnmssm 738 &t beacuhdaevarghdswint ehidogive! dmmédmplzﬁxﬁntary basis.
The SWI hing circuits 736, 738 ?re coupl ed

During t'@%@%ﬁ'Yﬁw‘?& o5 DR RORiEPIes] 4, Ranirals thp TSt 8YHFIRGE cieuit 736 to
be condt{chbé %H?llher gmf?orweg @ﬁ)pd[ﬁﬁhgé I}hg 8@1)rentrlﬁr§gﬁ%d1y By ag%\?ﬁ:

cont’ro provi a first contr si gnal
transceivieo 73harefdoupled eivteshithgaciessony diniBér tandlinal ABcanddhe dlmmed hot

terminal DH. This allows the remote dimmer 504 on the load side of the system 500 to
charge the internal power supplies and transmit and receive digital messages during the
positive half-cycles. During the negative half-cycles, the controller 714 controls the second
switching circuit 738 to be conductive, such that the power supply 730, the current limit
circuit 732, and the transceiver 734 are coupled between the accessory dimmer terminal AD
and the hot terminal H to allow the remote dimmers 504 on the line side of the system 500 to
charge their power supplies and communicate on the AD line 509. Accordingly, the first and

second switching circuits provide first and second charging paths for the internal power



control signal SW2 CTL to second switching circuit
738. The controller 714 controls the sw tching
W@ 2008183839 736, 738 to be conductive and non- copPdDUE200€005187
on a conplenentary basis. Buoring the positive
hal f-cycles, the controller 714 controls the first
swtching circuit 736 to be conductive, such that the
power supply 730, the current limt circuit 732, and

supplies @mae foagnsideandlinezgide seraote Jupmees AMs Faseertively. aduchshgih gnay be
nal AD and the di nmed-hot term nal DH.
enableth/t,WT%B ﬁggc;l\i/\e/rsﬁtl%e renmote di nmer 504 on the | oad side of
the system 500 to charge the internal power supplies
[0085] and Thamsin tinaner 5GCmiay alsdicgmpeibe argbagesmunicatpntdieuit 725
positive half- i%cl?s. During the negatj.ve half cycl es,
(in addmf’ﬂéo tsritanstaivr 7450 SHnFBItUng ARresBiYBied I BR R FS RS V13 @
communfehfiGi¥ fnk’ $% x8mbte, 9%%&4?@0%? fintt Wo@é?fhrﬁ%\éﬁ‘ier (PLC)
supply 730, the current Iimt circui't 732, and
communtcanms bink,\oz1a wigdessromuouptadndakyewh asiae infrared th)yor aradio
ner terni nal and the hot t nal Hto a
frequency R ¢orFHGR LT AR oA EKETPIEAS 28, Od?mtlﬂléag%{l dsaciibed

in comm&gy%@ﬁg&% UleiPhtcROMNB! 5,504 §ssudd Mgomm 099, an€itIed MEEHOD
I'Tné 509. Accordingly,” the first and second

AND APQWRAgBUS FQR CONTROBLINCIAND PETERMINDK AHFcHRAGUSOF

eueCTHE Dl k{5 Rl FRLBILBRN ek RSl i

hereby inkefpdrited bheefereabd.ed by the controller 714. [0085] The
mai n di mrer 502 may al so conpri se anot her

comruni cation circuit 725 i(%an addl tion to
[0086) trange@lwéasm}ﬁqdosch@ma%% gamhef he cprée@lw%glraliu@?%?a| The

current ll%?&%zﬁer%%l ﬁ}%mhpﬁ{?dga% ol%r\gliff ﬂ;h% eacgéag?(ﬂ? (ﬁﬂ‘l{l‘%{ & rminal

AD. Thd:@lﬁamnt}ﬁamg}ouhe loutpat corineativn CEI O3 I cithergniremtlimit circunk732 is
uch as an ipfrare

conducted draf e oBhnan- WR%%DQ)@%S{ o1 Grpuigh S5 st Bab g giode

D812. Thé glﬁ'rérﬁ 188 Eﬁélﬁte?i i3 0%9%%5“1@? ﬁie%?r@n“o%woe%&&te cm‘?ent
I ssue 8, 1999, entitled METHOD A

limit levdkPF?ARAmeﬁmeWLaﬂﬂG OAND, BEIERIVE NNG RN @'S{WQE to the

et oL LG L SEOUEPEY TETE, LSO 81 s

current tl{rgfl@[ g Ritpdt ORRIctibh TL_DUP inct ieRBdedirgedthe£ bEiicufrent limit
diagram of the current Timt circuit 732. The current

levels), thé gate of thediE T QB30 iy ¢aupies! to ke hindmentiselaied RE saltager Yugtyia
. he d| mrer termnal r

two resis|GIE RATE IREIY t o Ve feB AR of bk MG B 90 R
respectlv%g) C %cborﬁﬁ%ly $hé€ OdSlldeLg‘éta@ thef gatdTo  the FEFUQRILD @6t dtahd Qi;ﬁdpnate

vol tage Vcc2 throu a FET (B10 and a di ode D812
level suctreat She § SR s SORiE 0N + U K 640 gnadies ) warr o BSRAL Phe

e current limt levels, i.e.,

manufacglp{)dr fn %0{'%i%§%ggand 10 mA, which are control | ed

in response to the
[0087] When the control signal I LIMIT is high (i.e., at approximately the magnitude

of the first isolated DC voltage Vcc1), the current through the output connection CL_OUT of

the current limit circuit 732 is limited to approximately 10 mA. At this time, the current
through the output connection CL_OUT is conducted from the second non-isolated DC
voltage Vcc; to the FET Q810 through a first current limit resistor R818 (e.g., having a
resistance of 220 2). When the current increases to approximately 10 mA, the voltage
developed across the resistor R818 exceeds approximately the base-emitter voltage of a PNP

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



control signal | LIMT fromthe controller 714. During
normal operation (i.e., when the current through the

wordopus3seconnecti on CL_OUT i s not exceedi ng ei t PeT/U81008/005187
the current Iimt levels), 2the gate of the FET 810 is
coupled to the third non-isolated DC voltage V <c 3via
two resistors R814, R816 (e.g., having resistances of

,n/ag%grom mately 10 kWand 470 kW respectively)
Accordi élwtrﬁgsns}or @#R0 brsomeg sorducting thes RulbRg theedateqf e FET Q810

op ovar ko NS BRREN Bfeg 02, THEDuAh B GEIG o
non-condwtiué aﬁﬁsllﬁrﬁmdguhé aﬁﬂrmmlﬁroiiglchncdqun eSnne{cﬁeﬁle Bghtd he
cont rol a_ LEM T is high (i at aggr oxj mately

approxmqﬁ@yaagnm tT@FSI\?‘IQéQ'lePﬁayb&Haé'tWMMBI P VWeci ),
manufac{uE@dl%“bB%% 1{: F&p t he out put connection CL OUT of
e cu Im

rren circuit 732 is limted to
approximately 10 mA. At this tinme, the current through
[0088] t he MMecommagmhIGm\/mﬂTs psllc;blndutotoemtuftrcomnndre(le to

substanily Gigrto FRSrrient HEWis A YT eh ity pReegicaly, an

NPN bipbRY j}8tidn (r85distbAOSE4 greﬁ@&e&’%ondﬁ@ﬁ‘% {Rupl d &Rbnd current limit
i ncreases to approximately 10 mA, the voltage

resistor RB\¢ah @pedlehdp@gsaltdwenccé@msmdr thﬁg‘mg caxrentelmit resistor. The second

current llHﬁB{ﬂsg oqmg?m%ﬂﬁqvgﬁgﬁlg{%{;et ef&#fk%%h%ﬁﬁﬂh? Fleégultmg

equivalehtGeMathnkeV@upRAan Qérics BHn0E the ddbond aendidIged DG 6ltage Ve, and
t ransi st or 20 becones conductive, thus pulling t

t he
the FET @81 @ cafses He quern@mu leye] toingragse trappeexdmitely 150 mA. The

L T e
t hrough t he out put connect ion CL OQUT to approximtely
[0089] 10 mAn ihpet ;i}foatbt]icab&d off an(@26coupler 82 ds touplerbimrseries with a
VMBT3906DW . manuf act ure em congcut or . 88
resistor RARQr{e ghdakingta Gpisenemed 2- ?%W%& %? i 50 aé%{ Bg ouput
voltage \¢ch | GHA Ehe%mp?_r?ﬁalﬁ EIMPT. SHQ%B@R& B%tb%aﬂs@ﬁ@r yaht §2>t’ocoupler

current ternat| set at
U828 is Gppbidf toclad base odiia H‘NHT\biplol;an junctipoitransistor QBAR§¢.84 part Qember

BC8S6BIY, fimiuyie oy Habrs SemipondietEn tofbugh AR oLRREE C hifs the
control s¥¥nhi ! U]!l@ll'ﬂ"li RighCthe basy oF thghhnilﬁ& OBY? is pUlRAIRGANSwards the

currént limt Tresistor may have a resistance of
third norgisolatad\PC yolthge Wads thmlgh élmlesusm R@qauaoélaécﬂlstpe%%ﬁ a’ﬁuéh may

coupl eq i eri ween th S
nave resGPSTR A TK0 S a20 REL PP Dy CERCOLOTRB TRy Prpe
number P$28211, n@ni AETLERASE, NBCAMREEIiERCEpyraliof. MA. The

transi stor Q324 may be part nunber I\/PSA06

manuf act ur ed On Sem conduct or. ‘[0089 i nput
[0090] phot SHheibe @Pné‘hl Iris eube fow, dhsiiynliege ahthe aseaf the
trans1stoi‘%§%?s ﬂu‘?l%ki %ﬁ&w?ﬁ Qhé fec d n&?)’s%%%&i?%ﬁ?’léé@%&, Qfictethdt the

tween rst 1solated
transistor Q832 becomes non-conductive. Accordingly, the voltage at the base of a PNP

bipolar junction transistor Q838 is pulled down towards the third non-isolated DC voltage
Vces through two resistors R840, R842, e.g., having resistances of 4.7 kQ and 470 kQ,
respectively. Thus, the transistor Q838 becomes conductive and pulls the base of the
transistor Q824 up towards the second non-isolated DC voltage V¢ca, such that the transistor
Q824 is conductive and the second current limit resistor R826 is coupled in parallel with the

first current limit resistor R818.



vol tage Vcci and the control signal I LEMT. An output
phot otransi stor of the optocoupler U828 is coupled to

wo b@shamseo of a PNP bi pol ar junction transi st orPCQBBR2008/005187
(e.g., part nunber BC856BW22manufactured by Philips
Sem conductors) through a resistor R3834. Wile the
control signal I _LEMT is high, the base of the

tranlstor Il ed down towards the third
[0091} - éﬁ)l aﬁéalrméfiﬁ&%CEa@a%élsg%am f RRRECHVEE i 34-0Yhipls 34

compnse@nl‘fje %élg\%o aRaife re‘e’&v€{9£@>ﬁﬁ@t¥&shﬁﬁé§o@%@1}§%§§v& 920

kW a respective e optocoupl er
are coupleéd tcpﬁletconuedlmen RREI& thtoughatmef dicdasrTel (hPIBEGuch that current is

only opesgbfiiaifian ey he REsptary SimIMSTiering! ) iy edanpiusas 99 and
the receidr 920€ "I%E %ﬁérﬁftt‘éf 9§§§gmbﬁse§ Uh N B i 2YEEdRntiRser ¢ 2

non-i sol at ed tage Vcc2, such that the transistor
coupled t@aﬁeammélmm tcunmabAD/tdarouégham diodg D10t Adre ymmhsistgpe Q912

may be pRg ryReE NTBGS | v e PSR o DC

vol tage Vcc3 through two resistors R840, R842, e.g.,

[0092] havi Mie cBstrSIlcrNE 8 $s Sfersbld titdmntlt digRalkiéssh@sRMOhE W Mne 509
Thus, the transistor (838 becones conductive and pulls

by contrallieg thedeansistor Q912 te he iconduictivg aud mm p@mcuge t hlee digdtahd

message 8 STE\ PSR ST NI nobl RO ctPlist s I OSaSd Bl e

transistorf @913V 1ara iB&gor R914 eIp), Bﬁivm@a@wlﬁbﬂ(@of\mtl@)t h'elefbaﬁéscbf the
current limt resistor R818.(0091) Fig. 9 is

transistos QA4 1Sf41%)op%le}¢ér¥mthecnm elatad %lfcuttwemen%@wgb@rrwswr R916

e P RS PS040 B e 8,800 ALY

isolated c:nrwnl cothnien thheughcesistor 91 BXE. ththQ agbsistacedif@26<52). When
D930, such thati) current 011 operable to fI gw
ed 18] 91

the digital mtiagscl Dl il candiolien 214 o b tiapaistor Q
remains %cg'ggbﬁmutzltl\% \Q’%@n ﬁﬁd(}\k{gl po SEIVEX ?{Iag%roymdtbmﬂé%ﬁ&oqfer 714

conprises an ar-j unc transi'st or
is high (icqLap bpplokmndtéle thu:ﬁmsﬂaoroyl -isblated IDE eoltageaV codl) thentransgtor Q912 is

rendered GRS 6 hah AR (b ALEYSIDSsE Sshatner B Fragbisesol th

voltage ohtfe AZNfiAOld s%stZMallySze?@ Q5 RD| Phd Rsiklof ROMB lintltsdthé flagnitude of
nessages on the AD I'i ne 509 by controlling the

the current thasilewnthr@egbthe acdsssary dimmer teeminall Abbwhen theuransiseor Q912 is
d tThe digital nessages TX SIGto be transmtted are

conductig ovi ded fromthe controller 714 to the base of the

transi stor Q12 via a resistor R914 (e.g., having a

[0093] T esi gharetrelier 7Q4 kdNperdle tdageiveldidifabnictaged fbAIth€ARline
is also coupled to the non-isolated circuit conmon

509 via theresaiyhr 82¢- eEhastesei veAA) qaspyises paompgrater LB 2dhayHigean gutput
ot s e TP ST gl ARESIG AR SRR PR v
comparafs LB30enay be patvnurgber IM2963, amama fawtur2® By WationMfiemiconductor.
Two resistors R934, R936 are coupled in series between the DC voltage Vccs and circuit
common and may have resistances of 68.1 kQ and 110 k<, respectively. A reference voltage
VRer is generated at the junction of the resistors R934, R936 and is provided to a non-
inverting input of the comparator U932. An inverting input of the comparator U932 is
coupled to the accessory dimmer terminal AD through a network of resistors R938, R940,
R942, R944, R946, R948. For example, the resistors R938, R940, R942, R944, R946, R948

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



the digital nmessage TX SIG provided by the controller
714 is low, the transistor Q12 renains
waooeosasssdect i ve. When the digital nessage TX_ SPEH/US2008/005187

provided by the controller 2314 is high (i.e., at

approximately the fourth non-isolated DC vol t age

Vecd), the transistor P12 is rendered conducti ve,

" [

output of&ggg??ggﬁf% flﬁ,%ﬁ elE eglllptt}% ed tgﬁ Diﬁgoltd exllcr?é Ve RBRYBO (e.g.,
having a sesigaraetafdl71 kQ¥ero volts. The resistor R918 l[imts the

magni t ude of the current that flows through t he

accessor r termnal t.ransi st or
100941 'S TH8 bt BT e abeU £ R colPie 8 I Ay it nput
via a resis@r R®S ity provid donle IREFEGE SFdr'eR Bﬁet}ﬁﬁehbtﬁﬁ R999 mdychave a
the receiver 920. The receiver conpri ses

resistance o020 &Qosucbgbat wheni they oamubmﬁ t|bg pomnaltatqsrlb‘iﬂhé @utlwéhlgh to the

| tal es t | er
bC VOItaﬁiYCCPgE ﬁ% < Voﬁg% Fars on "U%g’tﬁ‘raég‘ggefrtgért
comparafdd UI32 Habfa%)a?gmtﬁwuf wwlmt&y3wl Wigdn tBe supanaihitor .
Two resistors R934, RI936 are coupl ed in series hetween

comparator &J932 iy 8riverylewverrefmiencei ollage Veesrhas? TARENI A of aRRsoximately
29y resistances of 68.1 kWand 110 kW respectively. A
“ " reference voltage VREF is generated at the junction of
the resistors R934, R936 and is provided to a
[0095] noni Afeeithentheimautdimiet K62 nantharahaote dlijaﬁﬁzrs 04 are shorting out
nv

e AD T B b TR ot 5 QUL S e

the acce§s§1§) ﬁh@?&ttﬁgrﬁrﬁzgszflﬁgﬁ)g}tgﬁ%%sdl 114 8059 Ré@co% the l'nvertmg input

of the coR@AﬁatcbtaU%Q; spulicdnpésa abltwﬂavprownatem V2 z&)nq‘mhe wlt@ge at

SRR e e T L

non- mveYt'n% ﬁ‘lphfefﬁl’aes&ﬁq_ utRTekk &cﬁnﬁhratoh %Vdrmén oW &5 kit ENEENMbn 4i.4,
he output of the conparator U932 is al so

approxmmaéeimzem Yot hm@mm@pmmdnmm G2 er eperad dhesregrotRgnmmer

oV S
504 sho l}ﬁaégelé %s |osttra§§ %tZth% F&g-ﬁ%gl{iﬁé ﬁguﬁmhé fe,gﬂ\rl\lﬁar%{or U932
is pulled%@n%&l&“&h&fefdrh&eﬁ@ﬂfﬁg\é Whey, €\dI32 apsroRimhdtelgt 22 Yhsuah that the
t he DC vol tage Vco", the reference voltage VREF at the

output ofh8 CPRPAFAQrs) PP]ﬂﬁ@u‘tP wrarprxIBaiehaths Yy VeaEE Yes: a
magni t ude of approximately 3.1 V. When the output of

[0096] Lhe g@gﬂ%gé%mg@é& dchefihiiy &ﬁg#aﬁ%f &Q%w‘it%ﬁﬁ?%ﬁ%ﬁié 736,738,

vol t a magni t ude appr oxi nat e .
The ﬁrst[s@«@@ﬁinglcﬁrcn& i786é3 cauptedrimitwedhi timrdrmﬁl@Q-hm)termh@l Ddhrendethe non-

di nmers 504 are shortln out.th l'i ne 509
solated GRGUPTHON TBF s6:00 BRANERIDE ST {alseopeied Patisen tagho
termmal\fp&ad ih2 nBh&SSIREd Rlrchih SorRfeRS BRIz AheTPEYiti v EhdlT-Bille\theO
he mai n di mmer 502. Accordingly, the inverting input
controller 714 controls the first switching circuit 736 to be conductive and non-conductive
via the first control signal SW1_CTL. During the negative half-cycles, the controller 714
controls the second switching circuit 738 to be conductive and non-conductive via the second

control signal SW2_CTL.

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



of the conmparator U932 is pulled up to a voltage of
approximately 5 V. Since the voltage at the inverting
WO pst133f9 t he conmparator U932 is greater than POEUS2008/005187
reference voltage VREF at tle non-inverting input, the
out put of the conparator is driven lowto circuit
comon (i.e., approxinately zero volts). Wen either
mai n di nmer 502 or_one of the renote di nmer

transistori(ﬂb(}l@smmpe Pad np@bpq MBT5H94DMhanymifacigred by thgemlcoﬁductor
f I
When (R SRS P ST (PR b GaimeRi e i), ¢
transistordP 0 1@k mah-ebyd&tize MvhishalHowk dhie gdueoﬁmhe T QﬂOI(hm be pulled up
ul |l ed X|nately the DC

fo appro’ac}%n@é te%rE%O'&S dé@]atea%é Vofitaes @zsvewq resislprs RAGHaR 1018,
thus rendghQ? IHRPERF 16 Pcaiub Gl %r%’xﬁlﬁplea tl%?fgsmt&?@R hd—lhl? R10{& May have

ching circuit 736 is couple et ween
resistancehi ofii2d<(h and #20 kﬂmflsp&-t-lvalyd When therfirsts@winaobsigoalrSWil t CTL is

high, the BEAR AR FAES ot OF G o CHOR ARSRATE msely g bl solated DC

voltage V&ic§ G4l d reSiQIBIRN 026 ;. nﬁa\tlhg aR&Hthdce@rhed ﬂ(my Qlc%&dlﬁ%l? the
controller 714 controls t first switching circu

transistor/@B) 20s sendustisie end the gatelofitbe FEINAIOtS pelled laWc towafdsragicuit
ntrol L. Durl t he negative
common’htgfl? fe&ﬁ%“‘ééﬁ‘eﬁﬁi%ﬁ 1Sy ?o&du £ controls the second

switching circuit 738 to be conductive and

[0098] NON- ThAgeOhl @ it¢hidgichieuis 988 BEmPALIsTaH ES il g3 G lwHRIRis@Perable to
[0097] The first switching circuit 736 conprises a FET

conduct cpgrept fram; the neamgplaied cwrlr ammpn ¢ihedot Fﬁ@mnaéo iThe serond

swﬁchméé:(lgcﬁlgt: "éﬁ?ﬁgﬁgsérgfh%gd ﬂ%Pc(#rcnRtas ﬁpé% circuit 736 for

renderingthe FEACT 080abnlyctiE ddaoaaloadidtri cs, and has a maxi mum
voltage rating of 600 V The first control si gnal SW

cOo t e of an NPN, | ar .
(0099 (7 andYighe 5?311030\# FisEeviiships pFcun ?306? '§ cgndughxg; thg FET
1030 of the 5&9hd s@RERin fmrlullfygrendé';&?%ﬁeéﬁcﬁfcﬁ(/e %ﬁcnﬁ’cdﬂ@}’thla%rst

part nunber manuf act ur ed
switchin@muib?ﬁﬁmckudes aMEBNt thpolhr trsmsmtm@tQﬂZ avgrga b&gicogpled to the
t _approxj zer volts t he
non-isolg g iitcgimrign Bro e oRRBodEe: G iRk Fisisdte afdok
When thegpm 101 0 1\ @nakdtifd &drfent GoRFthewbh&sb1atBd ERc\EPESRMoARS Elcy
he second non-isol ated DC voltage VCc2 via two

dimmed- h@tstresnmlsDﬁleyeltagellgpaodqcmecrpmwsm R1926 Fsurh tlgat the

transistor, (@ﬂﬂ%ﬁclts kc\zflrgdgrerdgéqngﬁgﬁg :Aco%)pcgaélgv\}) %g{emée\%ﬁ‘l’% Blof gne
second sWRél’Bﬁg tirmat 738 Mhriled beaf ifiost the@séondl nosiigslaled W vOItagd €cc; to
the base of the transistor QA 2is pulled u
oﬁ:mlarly,

prevent th@gﬁml&éprﬁar@ bgingendustive whileshe FEY 1@@%9@5’@@!%

the seconXidgv %n%sén E:lgr07r3 maﬁ Ie (a?hIgP X rbgﬁo\éiir;}?a& 1s&‘?%%ﬁff2,nl@glcﬂfcauses the

FET 1010 enbindn-venduadvé iwheg diecF BT 103 ®kisfehmiduddibg and thebppedpi aey

t ovvar ds, circuit corrHtfn t hus rendering the FET 1010
voltage is,produeRdATERSS \RJesistor 046.
[0100] Fig. 11 is a simplified block diagram of one of the remote dimmers 504. The
remote dimmer 504 includes many of the same functional blocks as the main dimmer 502.
The remote dimmer 504 includes a controller 1114, but does not include any load control

circuitry (i.e., the bidirectional semiconductor switch 710 and the gate drive circuit 712). The

remote dimmer 504 comprises first and second hot terminals H1, H2 that are coupled in



[0098] The second switching circuit 738 conprises a
FET 1030, which is operable to conduct current from
WO b@snsss7e sol ated circuit common to the hot tepar/matons/ 005187

The second switching circuizs 738 includes a simlar
driving circuit as the first switching circuit 736 for
rendering the FET 1030 conductive and non-conducti ve.
{}\099 When the FET 1010 of the first switchi n%

series wiiy the fjdiregtienal seraisapduatonawitchyd Ot the g %meﬁé deiaie

adapted EOAFI S yd Effdneond FRISC FENRRIENT AN U lehing load 208

an NPN bi pol ar transistor QL022 havi ng a base coupl ed
[0101] t o t lz%emm-shppilyatléd ic¢aupledibetwesnthe abressogh diremies teomirfall AD

and the 54651 ot BRI LA et PRRE EProhs it sttt the
charging Qx'nﬁecﬁér{odw Bf ERhiaer-dicErethd\wdr %ﬁﬂl&q h 3@b|nly€generates one

vol tage i s produced across a resistor such
isolated lDﬁa:tutpuu goltagm¥ist(og., QHOYRC) for p@wdmgedle@onm@ﬁan and other

low v ltAccordltn f)é thet e of5 he FET 1030 of the second
0 %ctrsvﬁ"ﬁ(g’ ?‘?Eﬁm% ’.’%mFrs a1 ed away from the second
non-i sol ated DC voltage Vcc2 to prevent the FET QL030

[0102] fromabRirograssingWetccior W6 hed b ansoeivel @184 &8 coupled between the
conductive. Simlarly, the second switching circuit

accessoryydgnmercterraiag! AR agdnhe pesend hot egRgLHS, The @ar-crppsipg,detector
1116 det %‘éro!é?&s w&glltgthtepo erfprgt a(h(arﬁg dI s\ﬁqtc 11;(:{&95 5% 738
VO

conducti ng and e propri
change ﬁ@hoﬁkome@hcmerms& @nﬂ&&n&t thus Rbu;ﬁmfg th{: (AIDﬁupple golta]gl: V., &ross
nplified bl ogck di agram of one of the r di nners
the zero-egaSing felesteh] be eATiioer b begAISIRUIE AR RYC eSS iand is

then ope%lﬂfr%%é Fﬁ@%ﬁn%& ?él}%l\%‘cdl kg n@k%eg 'vmﬁé g %)'CIV-EP ¢15£9®dr8he

ncl es a-contr ut does not
chargmg itilm)d pm"@daift)ggh expireso Mthedtansdenvaniltl B&’ 0( thee'emotehhmmer 504 is

t h 710 th t
coupled el BN HSRBvor Al PG A AEE SEAOCBIH T ces
communichfist p ﬁﬂ‘i‘luﬁﬁ% e dnghubisBr@he lpH"n@d T&J.Jﬂ@i&he@ﬁ&tlfe%it% or

inseries with the bidirectional sem conductor swtch
negative ha_ltﬁ-cacles Hepamding afi whish SKKB.ZDf tlmw%'smS%@pvblGh the reoretidimmer

is couplep] g\%f’%ﬁq%’a‘ 5 g%rg}cnru{r)@f T]' p%ﬁ&%&% %ﬁ{aﬁleq%%gert h% the

remote diRMBFsED4RREVRED afsbﬁhré\%hetﬁé @r@pslwmmdeesmldmhe n%mmgdoad 508.
the second hot termnal H2 to draw power fromthe maln

di mmer 502 during the charging tinme period TCHRG
[0103] each Ifthe remgte|dimmereSQoaie wlsqsﬂm Both sidgs %qhy sgféﬁ@r%)@&ch that

e T ko e

the AC pOWszmIrCQISQﬁ oxtthe ligkting ad ISMS §E\6’dm if (Fig)Z]) the opening any of the

sit-gap S GETSG X MERMOHCO RURG3 S0f PRt fench A EHa s aingpiperveen

the AC pbREr §cﬁﬁ9é“5’oé”é}{d th€1iBhMRY 1054 508N B1oheVEr, 6pasag BAlydRE Sitleap
switch 722 of the main dimmer 502 does not provide a true air-gap disconnect between the
AC power source 506 and the lighting load 508. When the air-gap switch 722 is open, the
controller 714 does not power up and does not control either of the switching circuits 736,
738 to be conductive. When the air-gap switch 722 is opened and the controller 714 is not
powered, the magnitude of the leakage current through the accessory dimmer terminal AD is
limited (for example, to less than 0.5 mA) such that system 500 still meets the appropriate
air-gap standards as set by, for example, the Underwriters Laboratories (UL). Specifically,

the zero-crossing detectors 1116, the power supplies 1130, and the transceivers 1134 of the



1116 detects a zero-crossing when either of the first

and second switching circuits 736, 738 change from
wooosasssdauct i ve to conductive, thus coupling ther/BE2008/005187

supply voltage VAD across the zero-crossing detector.

The controller 1114 begins timng at each

zero-crossing and is then operable to transmt and

recei ve di %i tal. messages, via the transceiver 1134
remote dypmgys YHdn¢lHgs dicdes squpkedietheeccresoralisuper tegninghAD, such that
. 4 h . 4
e cce A g AT of B ERORL L il e
current iretd nieerenfsd@ dnanefisn T has,aheronliyipadt foo heakagdicudtanit tigotigtethe system

. . CO ni cation tinme periaod ither in the positive
500 is thigiiEh Shsimyee tft?reyg?lé%ﬁaeg @m@e BFFSRHATY HIeMgR tegmingh 4D of
the main %YM%@@.&,QM@E thd R §610LRg S EUET34d %‘M%%V 730, and

Accordi ngly,” the“conmuni cati on path befween the
the curredi lnmgrcir60i2 7a2)d Theecongpomerts dhosenrfer hoge o omists aot sysh slsat the

magnitads B H b Rt S S o B o
level to dt%& h;egﬂlg%&lnﬁf(ardtﬁ? 1A LBrRAPWRES theldhatag SigitdH 78is 'BEEned.

ermnal H (which is coupled to the air-gap swtc
1122) is positioned towards the AC power source 506 or
[0104] t he [Thghkboyryd¢serbedgBnineaptivaivhen i gaingdimmdr$02 and the

remote ofiRgts D434 g F Ruhre o liahS g&icn Sy el R BGe

dimmerstsioa iy ROWREd SOthe Gide ke @NBe 1daa-sideddTithé Gysk@@d08081so, the
However, opening only the ai r-g%p swtch 722 of the

system SR@maydnelide moporegnte damersr3odithian shopmia Fagri ghen any of the
. q.di t . . )
min i GG LB AR AUEESy RO 2 0pb06 soure 6

and the ligh€ing 14dde 08PMe redplectivel/difgap ewitctals 7RDVEI2Wpe podticitstitowards
not control_ either of the switching circuits 736, 738 .
the AC ppyepeousemenstihe Vighting kade sheh shat.ogaming Hhase gir7ap svgiches provides
r .
o e SRR BRSO UEOA oo Sl afHE sk Mo s,
Howeverd i framgrofttles miaimadimivieri 592 landith et mot©dinerens504 that ard wgsd directly

e L et kT b FEE st
1122 posititheHRGR NS HEEAE JARPEEIRE Llﬁ&ttkr%tingmi, fﬂeqlé‘dﬂaée iﬁll?&lt

zero-crossing detectors 1116, the power supplies 1130,
through thn enaiin dilnmanackthe eerote Hdamefs is Himitadad enatit theddk s&ddard for

i ncl ude diodes coupled to the accessory di I .
leakage quigept KEFn ABAT G4 RS 7FRed 8t CSBPOT tHOFer TELFHkPRG puent s

further liffRe@fin tH& Wa§WRHeR thE HFRALS sRItEnRM2E, PN GHaing df eheCARUCT
current into the renote dimers. Thus, the only path

dimmer §Q andethi sepaote dimmers Y0 thaigave tiredsy gheamidsidoo] the skstengiRo are

the di mred hot term nal DH and out of the accessory

di mer term nal AD of the main di mer 502 (i.e.,

through the first switching circuit 736, the power

[{0105]) supplFyg. 13Qs aaimaplifiwl tiingalidgramrifta conipdete 1ing 3¥9le ol e AC
nmponents chosen for these circuits are such that the

co h
voltage waygHr, trDOgtroyiHed by Aheage ROVYSr SpRree AP Ghe Hifungdiagram
illustrate§ imeraﬁgf‘i df$hd indin' &fhrt @ 589 dARRE QRN l"ﬁl?cycle of the AC voltage

waveform 1200. The main dimmer 502 is operable to allow the remote dimmers 504 to

opened.

charge their internal power supplies 1130 during the charging time period Tchrg €ach half-
cycle. The main dimmer 502 and the remote dimmers 504 are operable to transmit and
receive digital messages on the AD line 509 during the communication time period Tcomm

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



| evel to neet the UL standard for | eakage current when
the air-gap switch 722 is opened. [0104] The
wabasasmescri bed scenari o applies when the nmai PCOUSZBS/005187
502 and the renote dimrers2504 are wired in the system
500 in any fashion. For exanple, the renote di nrers
- 504 may be wired to the line-side or the |oad-side of
circuit 7 ihandsths secon86itchicsoyit 8@ deyng 2awBci0timeperind Mydewhishes equal
remot e di ne 504 .t han shown.in Fig. 5.. n any of
to the charglie ik PR Lewnspdus g cORemnislion s siad Soavar o

wred directly to the AC power source 506 and the

[0106] | i ghtFigq 3lA0RG sHRBlifitdAowERRE6t d MadBiderHdB-IDvAtich@strol
722, 1122 are positioned towards the AC power source

procedurg 1300 keeduiagHhy thg cpoiellergudlef mvanalopiemmg 508 @S@%itrveg‘wéf

cycles of?ﬁ%%ﬁ%\g% s?)Yﬂéc%SS?)ngi:é% 61% glarshrgallﬁ) eqin d;)@xﬁ)e\ggﬁg multi-

location Hmmﬂ @Eoceldlireall3p0dxetiited BRuitie djnmﬁér ‘50120fah6| n’td*kedfnaﬂat $02 the
inmers 504 that are wred dlrectl%8 the AC power
negatweélalfrcdéles eétbsrmctpﬁyer FYHES PRP-| Bhgtog 1d&6n'111‘8t10ﬁ%tw qoREP}

procedur@I 1'30@ ﬂg%lﬁ%lt P %gg%'ﬁg‘% af %E%h ﬁ&?t} cﬁé)wgé ﬁletég?o-’cal%ssmg

urce an
detector clﬂ bémb rhdin dirgimet 5i@2 s’(gnzﬂs dlpnrmam-gomgtzhm cmsmhg tcdt}mm:ensoller
imted to neet the UL standard  for atlg (Eurren
&Jv? sy

714 at st%m%l%rﬁta%t?p 3f> 6 qamrofler Blfestarts aimae igdetermine
when the V\ﬂgﬁéltﬁﬁlﬁﬂ&epeﬁdﬁrﬁﬂkg hr'f‘%fh‘é%ﬂﬁﬁurhéﬁ'oh?ﬁné ﬁertd@l‘ (io‘tgﬁ%}’b n’ém and

e air- SW tches 722, 1122 of anhy of
end. Thelconmmileb@b4 ma wam at steptl 814l forrmev st 60 pehead Tar@.gui r ed

f 1t t d. [0105
spproxingsiefy' 190 bES SN YRl FF RIS TR G*6 ngr am of 2 compl et e

l'ine cycle of an AC vol tage waveform 1200 provi ded by

[0107] the A SRPET] 65 HelcoRtr6Q& 718 enderdlihe Jo4H- 586 @W”itchm%mrcult (ie.,
illustrates the operation of the main di nmer

the first smmhn@g einaht R@Dfsomwn@e by drinmgAles {isit canfeol\signal SMH_CTL low at
the beglnm%?f tﬁh %h tg'ai rlodI5 ﬁ%ﬁ“{j: [ ogt%l rt’ﬁ 4%*ul:n8%%vr\}ethlr§s the current

erna

limit circhito32i tG&aﬁéEGuﬂéﬂtllﬁﬁlt bheschay gi st@ I3|1I8&)yrtﬁwm)glth'5@dﬂiﬁol signal
each halfcycle. The main di mrer 502 and, the renote

I LIMITdpphrehecosdinglyy thespeanddPe ouiput vakiagsi Yecakie r beily supply voltage
Vap) is p‘i‘b@i‘d&@ko t'i&%?érﬂsésm%e‘r?% g&fﬁcﬁﬁg Qﬁﬁakg%t&(‘i}l@sgo %d the

onmuni cation tine perlo eac
power supphésr bl30esf thd fenodte diramenb o4 chargeduriifpthe nhdiﬂgﬁfg tithe period

first switchin C|rc 36 a e second swj.tch
Tehra Tcher@mxcmﬁglggds FW@li éfm] d‘?Fe’O %ﬂdademngﬂlmfw%detects
. t [
s B B RO AR By RAoT G PR Sl 0

charginggimppériadeBicHr dasthappiroxafnately aasesi de nul ti -1 ocati on
control procedure 1300 executed by the controller 714

(0108] S L Fthdcith T {516115601%1‘5)% LTS g%?q%&kﬁmner 784 &ntrols
the currcht Rt the lrréht linfi€cisduihe7 ITUb tappRKBHAENY 10 mA at step 1322 at the
beginning of the communication time period Tcomm. The first switching circuit 736 is
maintained conductive during the communication time period Tcomm, such that the AD line
509 remains at the AD supply voltage Vap (i.€., 80 volts with respect to the dimmed hot
terminal DH) if the main dimmer 502 and the remote dimmers 504 are not presently

communicating on the AD line 509.

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

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



control procedure 1300" executed by the controller 714

of the main dimer 502 the negative hal f-cycles of the
WADasmre sour ce 506. The | oad-side nul ti-| ocaPCDDS2008/005187

control procedure 1300 begizms at the begi nning of each

positive half-cycle when the zero-crossing detector

718 of the main dimer 502 signals a positive- going

ero-crossing ta.the contraller 71 0.
controlleg { L4exgsaiss a(ad-ag poBmIBIeaan rutir 1400, WHER T bp deeribed in
greater d&ﬁg%lﬁ Ore?é?&rﬁre% waan frhemsindighieg sb? ﬁﬁ‘d Hm%rrbﬁ@teT&HBQrs 504

e comuni ca ion tinme period TCOW begin and end
may encolle¢he bansnokted dlg?tﬁhnmsﬁegewmlngsl\hnclmswp en@tlng. OHO‘ﬂeWEII @ther

encoting G a8 e PGB OO PO b

With Mai(%&{ktsfeQ Eﬁ&fdu?glflher KRdsTtRe Hl%ﬁai Rastagdsqee SHither i lBQlchbdedlﬁe ora

e., the first swtching circurt 736) conducti ve by
logic onedwaluﬂ)rage ¢rivedéd msthe transitions (S g it cdgvy) e $ignalan thhie

communiZgior B Sflen oot aPhdi TraBSiil B8 o 1A Rpi 1k 500, fhe,AD

line floatd ﬁ?ghtlﬁ aRave seute UTé Gfisnhit Bldgi®kerd MU thatrant&ivet 318 ibyperable
al 1 LEMT low Accordingly

driving the control sign
o “short{ e 3k§lﬁ<§0®® B omedchar eymin O (g case henaDADeabrngs
t Al j
from the s SRS s 6 B RNEEE ol 5 4 BB DR, ©F

ConverséHinp |t1*aﬁ§m11 %36giolont helue etl’fehansﬂehm? 734 opehedl@® chuté thg AD line
the charging tinme peri

od - The zero-crossi,
to transitigarteem dhe shotled siceiadhe e §tﬁ@ (p Had- vt hlehofrénaﬂﬁ%er@e
begijni

controlle?ﬁfﬁ %%Hgﬁ:tt?engE? ﬁdﬂgﬁ%ﬁ]gﬁﬁg@ t@éh&ljﬂ gl)c(: éﬁlg 1fh8 5@% t@E a@gﬂeél hot
terminal Dle'hﬁxe thed'dsﬂ@iﬁ@iﬂgxﬁtﬁlita?dﬁnm mmhlbei'qdlﬁ'lrr@tehe popifiv® Bhlf-

After the charging tine period TCHRGt step 1320, the
cycles. controller 714 controls the current limt of the

current limt circuit 732 to approximately 10 mA at

[0110] Step F$13 le ttH@c&ﬁﬂiuﬂmaﬂgn Afnet 2608 APYN AL lagtof | ME
period T first switching circuit 736 is

approxinmatdly 84iSmastce d?n‘cm(ét) ibte ot tnansgmttﬂqé mﬁ@m mhayae wansmitted during

the comnchaZd Eﬁ%ﬁ)‘lﬁ qogﬁég%&f)ﬁ Flglf gycle 509 %IB% Q?xgg‘nﬁgtctatlon

time penb@ ThGv @t SR d3 NN thd BfsbbwAathibkRirédit 736915 ff&id&réﬂ meteEonddtive at
nd the renote dimrers 504 are not presently

step 132@@nﬁnmatmemg/eb suprie 7 2hand te tegsceiyey 784 pf theamaig;dimmer 504
e no oL TB B8 2B 1o SR ) ISE AR R R hes

terminal DBMuni cation tine peri od TCOW - Speci fi cal ly,
thecontrol ler 714 executes a | oad-si de communi cati on

routine 1400, whic be de cribed in greate
[0111] (jor s uriRgdhe pesbrohel ooy oo A ARSI AP SRS eTERS to

Fig.1 3B,31F%llu§é;$d5 U ¢ @ocﬁhHHEB&rWoﬁﬁreefmd@egﬁrﬁeatttﬁ@%ﬂjﬁggf each

messages using nchester encodi ng. However
negative balfieycle when the zero-crossing detector 718 of the main dimmer 502 si gnals a

negative-going zero-crossing to the controller 714 at step 1310". The controller 714 of the
main dimmer 502 renders the line-side switching circuit (i.e., the second switching circuit
738) conductive at step 1316', such that the second DC output voltage Ve, is provided to the
remote dimmers 504 on the line side of the system 500. Accordingly, the remote dimmers
504 on the line side are operable to charge their power supplies 1130 from the AD supply
voltage Vap during the charging time period Tcurg, and to transmit and receive digital
messages during the communication time period Tcomm using a line-side communication

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



encodi ng techni ques that are well known to those of
ordinary skill in the art could be used. Wth
wokoshemter encodi ng, the bits of the digital PEFYSEF005187

(i.e., either a logic zeroz2value or a |l ogic one val ue)

are encoded in the transitions (i.e., the edges) of

the signal on the comunication link. Wen no nessages

are being transmtted on the AD Line 509, the ADIljne |
to the hot tegpinal Hiwhen the serond iswitshiggsirctiy 783 isrrompuctiye dyging t E%P%%a“ve

half-cycl%&%l #I?trl%g%gg 8? %ﬁ‘ﬁ‘h%lﬂ[ﬁatl zﬁh O?c’pffqﬁ(rﬁf ’P%OMM %ﬁte&if@ﬁ thé aﬁltroller

cause
714 rend&®the mond)swiu@mggcnfra:mrﬁ'mmnddbtevesatatep 1326e., 80 VDC)
to a shorted state (i.e., a "hi gh to-1 ow transition)

Co ly, tot it |
o121 7 o Fhg gl massend® Bmifrd behy et iieaton drper SR apdthe
remote df(rﬁ:ﬂ@ﬁ'%%@nfg‘i'@g‘ prgxa?llikQE tedr ﬁ&lag 6 3. Bltfsyﬁc}irgrlu@at?dna(kfé.rt}4

Wt o-h transition). The controller
symbol, a &wensssagmddéa’fpt@ﬁz 7ebm dwssaugv dataseetivay, and hd Ol ¢heplsum.

The sync %agllOHEStEIgi Sy dol g%rté/e% Elgra DH\}%V@%%}S%IHSSI(%%%CFOSS the series of
line cyclddQehiirdteroRBhingMfit#6 an El@tiré%cl&@r TYREWY,8he H&@sage description

contruni catlon time period TCOW nay l'ast for
compriseajgilight kel commang omgedelapiofe copymands sT hgf7-bit message data

stion of SRS s TR B IRY sRSuLRF b L PRR gesgpion
of the prdsbft iedagd. Fdrexapls)eadédsage datﬁfﬁlaQQbh@‘ﬂlsg ﬁ?ﬁ\d\ih&ﬂ lighelpvel
1324, the first switching circuit 736 is rendere

informatieaif thepessaga/deserptiondp a lishblevel commanst Umdo b%%l.fferent light
levels m é&fmﬁﬁr%c?@é bbtWech ftﬁ{ﬁlgﬁ]bd{ﬁﬁne?%z Qhd ‘iﬁkere%'té“dﬂgﬂm 504,

are no longer cou etween the accessory di mrer
term nal AD and the d| mmed hot termnal DH [0111]
[01 13] Dur i Sincelvalynfyabits/are tmh$mitedleash haf-syate, the contmlleg 714 uses

ot YL B BRSSP DL S . e

controlleP?94 BMhRSn4h dBARBr HEDRdes MGodtBille TXCHETMARA alIfR- 51de TX buffer
zero-crossing detector 718 of the main di mer 502

for digitad mpasdgs ta transyeit dueng tiemysitive dalfrayslkss agd negative half-cycles,

s G A s PRA B IO LR B Bl Byl

buffer andia' 16 didé RXEbuffdr 6r (ﬁgﬁﬂﬂﬂesﬁﬂgds%ﬁeﬁk@d(ﬁuﬁ'ﬁglthe pSBlive and
conductive at step such that the second DC

negatlvebeultfﬁor@lee,dlemgévqmcz is provided to the renmpte di mrers
504 on the line side of the system 500. Accordingly,

onel {12 R T g B 2 by 5 5, 8 g0l o

to transnuolllg}ageve‘l/ﬂdlbﬂmnomgotehm othar igiragpohsem® qoaratiods a'misa@mhd

otransm and .receive digital nessages ring t
sensitive agfynilot Irpf 1%!@?58&3 PR e P ateifep A operable
to 1llum1ﬁ:29 l@l@ b&find HetdcRBitidA A mbel 82 ?@fl‘fers%le%veY {dtindicate the
enders e FET (®12 conductive to short the AD |ine
mtensntyb@ﬁtedlghmghmd f'tQSrm nal H when the second swi tching
circuit 738 is conductive during the negative

[0115] When the system 500 is wired with the main dimmer 504 in a location other
than the line side or the load side of the system, the digital message transmitted across the AD
line 509 cannot pass from load side of the system to the line side of the system (and vice
versa) due to the bidirectional semiconductor switch 710. Accordingly, if a user touches the
actuator 610 of a remote dimmer 504 on the load side of the main dimmer 502, a remote
dimmer 504 on the line side would not receive the message. To provide full system

capability, the main dimmer 502 has an additional responsibility of relaying messages from



hal f-cycles. At the end of the conmunication tine
period TCOW at step 1324', the controller 714 renders
wo b@sasgssend switching circuit 738 conductive apCHUSD08/005187
1326'. [01 12] The digital 3messages transmtted
between the main di nmer 502 and the renote di mers 504
conprise, for exanple, four fiel ds a 3-bit
nchroni zation (start) synbol 5-bit nmessag

one side qé&h@ sygemdn theothenin th%mg@awbt @119%43 bﬂf-cm%a, the main
dimmer 5](9 t;\?gédcg;%gg&(ﬁn%h rpggg?e 5#}8% sé?nh SSQIB g&?%@{r%%usﬁ%’aﬁgﬂlmgnals that

are recex@dﬂlﬁh&ﬁeQfeviolulhakf-)cglbles required to conmuni cate an
entire packet. Typically, the nessage descri pti on

or1e) SOl Tl ok ST Bl e rouin

1400 exeggtgakglma@oﬁﬁ%@@r S4TPf ihe %n'é Bt S02XRirthd e 1EANIES mufti-

ssage description of the present message. For
location epnaimp pmacedire 1366 By 1dBtina senpl fedplaverhattiod theckingabide

communfiBL e ab0 LSSV s b U AR R d i o Buring
the line-si®@V@bLRi- mxtl&ﬁc&ﬁmwmce&sr@dm@t VIR RohE116¥E1 8 WAESHRY 1552
and the renote dimmers 504. [01 13] Since only five

RX LO/’dD 1asd Roe LiINEnorkieep sdcleativhether the gentegller hepresantlyge¢adying a

sl mf gt 3550 PhGe Pt Sall ekt THREORMer 714
also uses@¥atflagk M [IADGhATIE IMABtodiceptriaclofPwhsBsr @elcoatolidrde

TX butfer 'and a line-side TX buffer for digital
presentlyrfeansagiéing @ digitel spassaggiduring thaposiibes andnegptay & hadfreyddes,

d negative half-cycles, respectively. Further, the

reSpectwg@ntrol ler 714 of the main dinmrer 502 al so uses a

| oad-side RX buffer and a line-side RX buffer for
(0117] di gi Referring saBies 14 &cafieredlligrthalpat seleposirhunieataondroutine 1400,

the contp oA st e piepdiiias to BBoher e HE LR AD is st .
the mam‘ill'nHHFeF §O§%r@§eﬁtl9Pﬁflﬁt}hﬁldié)otttfzﬁ‘@ﬁmnh bigghtal hR&lge to the

information to each other in response to actuatlons of
remote dinmmersd0donstbe doadiswde efche system $80.. IfHoe, thecontoillendil 4 csGRtes a

toad-side Y shsiia £500h BhicoRtihs deierifetn Roar el bedo ithuspserprge to

Fig. 15At mﬁtm‘emg ﬁ)@‘@ﬂs's&cﬁt%ﬁ:}aqmb%dtrﬁﬁ@ﬂ&gm PDADEs set (i.e., the
ighting | oad 508 0115] When the s%qs;tem 500 is wred

main dlmqrrﬁoﬂhepmemIMemmgsodlgnﬂ messegedpithmdisamens SOA on th¢koad side

de .or | oad .
ot e sy BSLACuG LIPE O S Bt BRL PRS0k bl
1500. oﬁlem?nsé QRélcitetlep 714 Becaystaaoad-oide MK toufifie $60@ vaich el be

ystem (and_vice versa) due to the bidirectional
descnbe%@kﬂréaﬁa%@lbbelgw widhrefersncetoddgdiGfyl y, if a user
t ouches the actuator 610 of a renote d| mrer 504 on the

[0118] ! 02d g3 48 AQK alslifip FRL GBS 0f2RE 10a8- iR G outine 1500. The

controller 714 first determines the next bit of the received digital message by sampling the

AD line 509 at step 1510. The controller 714 samples the AD line 509 periodically, e.g.,
approximately every 75 psec. The controller 714 uses a 3"_order median filter 1512 to filter
noise from the bits of the received digital messages. A median filter is described in greater
detail in co-pending commonly-assigned U.S. Patent Application No. 11/644,652, filed
December 22, 2006, entitied METHOD OF COMMUNICATING BETWEEN CONTROL
DEVICES OF A LOAD CONTROL SYSTEM, the entire disclosure of which is hereby

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



di nmer 504 on the |ine side would not receive the
message. To provide full systemcapability, the main
waolomsaBs3s392 has an additional responsibility oOPCT/US2008/005187
rel ayi ng nessages fronone side of the systemto the
other. In the imediately follow ng half-cycle, the
nain di mrer 502 broadcasts to the opposite side of the
tem 500 any communi cation signals that are received

1510 to deﬁotmtt\e wﬁéwlbggthﬁéﬂ-’fel‘@ﬁcql&“al [essSaeF aEigP 1944, 4 detgrmination is
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high or agpBiS Iy | 16 & SERRATHY TG g1 1S |l 28 BreigRALFS ieAD line 509
again at 851510/ i? tl?enéhdrtﬁgﬁé bRl dari6y ﬁhﬁ%}enb& %‘éﬁ i€ hyt artlib@d at step

controller 714 also uses two flags T D and TX L
1516. to keep track of whether the controller is presently
transmtting a digital nessage during the positive and

negat, hal f.cycl es espectivel. 0117 Ref |
o119 1092y ¥ G B B Ruanl ATBR Pl ety Tt R oSS £ o
controllef QU4 HEXerm#Bif théte afeddity ddcb@dd bilsdinfthe &npdedrouffeest stdp 1520.

step 1410 as to whether the flafg TX LOAD i s set, i.e,
If there apqaot iy dleapdpdetitsan she tsmppeasy huffer at stepHS 2Ry e gpain dimmer

502 is nog @gélgﬁﬂg {1 c@igl dadﬁl C}Iélalg?sqﬁgesﬂ% th® d 8{5%:618%% otﬁé [UEEL\S?&G: of the

e Sys
system SOO)th:]dJlbhdlb—lsldg].@é mmgégo alrhpmtéxﬁti; dH' thd¥e arpudecodedln@Oin the
whi ch wi e described in at er ail bel ow
temporanydpuéiepacier 538, fhe conpolley lopdit P|d5@°dP§<tbltE@&9ttes10§ 1SI<{§1RX
buffer at r%e?ﬂ Sgil Ghe 'Bg%tﬁéllk? 7hk %ﬁor'?a%dsltwpe\b YedSted Q)iljts ?nto tﬁehﬁont of the

I mrer I's presently receiving a digit
line-side 5% baffer dt stepHe2d) such tisat Sifdcamtrolleew |l beeetraisdet the rctdw/ed bit to

the remof BT Sohen IhHRLT gL O Re sy tiem WO LR b Rk iRTEyclene

controller 714 executes a | oad-side TX routi ne 1600,

[0120] Whi chf tNelcbni?sl1&t€] @ MHab esteived %@@égﬁmﬂ%bﬁé he\b%&%%@‘ dt Btep 1526
reference to Fig. 16A. [0118 Ais a si ified

(i.e., the fapwdimemer hgs receevadahel 3 iilgwn omtwm%ymlad@f am@tal message),

the contrf)@%t'}’l\%l sg?s CPt é%PaISb%e%sesa ﬁgﬁ;@ﬁg%t(#rﬁ%qu ailbh‘n%;‘lell g%gls
presentlyedecéilinig aldigital rﬂ'éb@ag&ﬂtth@bés@ﬂivgﬂa‘lf@ﬁim and tHeefla4TXi DENE

509 periodicall ﬁprOX|nater every 75 ngec
(since theFairs gemen 32w ifie-Tinitiha pis of the digital message Fecstvedfiom the

I f
remote dtrﬁm l‘s §(ﬁrorpt?1l=: (%:d gl@c?bf {8 s9§t£r§ 0 tb Ih'% t‘gﬁl%?é d’lﬁgnétk 8ht&d line-

nmessages. ter scr I'n greater
side of the system) If the controller 714 has recewed and loaded an entire message into the

load-side RX buffer at step 1530, the controller clears the flag RX LOAD at step 1532 and

the routine 1500 exits.

[0121] Fig. 16A is a simplified flowchart of the load-side TX routine 1600. The
controller 714 first determines the next bit to transmit on the AD line 509 from the load-side
TX buffer at step 1610. At step 1612, the controller 714 transmits the bit according to
Manchester encoding, by either controlling the AD line 509 through either a low-to-high or a
high-to-low transition. If the controller 714 has transmitted all of the bits for the entire digital



detail in co-pending conmonly-assigned U S. Patent

Application No. 11/644,652, filed Decenber 22, 2006,
wendostibamsdo VETHOD OF COVMUNI CATI NG BETWEEN CONTIRCY/US2008/005187

DEVI CES OF A LOAD CONTRCL SYSTEM the entire

di sclosure o f which is hereby incorporated by

ref erence. If the controller 714 has not coll ected

enough sanpl es at stepl510 to_decode the next bijt

f
messagetah@ep a6t veaicantiglleny 1 helsars dee Bag TXehOfH] at stgp 1616 Jand the
routine 1%65 %f(irfg nl‘ﬂﬁ ntln%llgia’fjlglr l?a% dw?'%ﬁ(ﬂﬁé hd8f %31 giftaltntﬂe%sage being

catlon arrive

transmnttk& Jaﬁsteﬂ» fiéntand hhﬁncﬂ&éﬁdheﬂ ktey endlof tBeacmhmnlch&oMrﬂelpﬁaod
509 agai n at stef 1510 at the next sagP %
Tcomm af step 1618 therouting { 64} lopRearougd oS IEARSITHY anoffpes i34 ateps 1612. At

the end o?f?l'i‘é &%%ﬁﬁdﬂn% gae ggﬁﬁd tl'h%M,H Gt te}?'lél @&héﬁoﬁﬂné‘- ) simply exits.

eterm nes ransition or a
high-to-low transition in accordance wi th Manchester
[0122) encodihedine-sidescomonumioaticer routing $440h ef Rigwl #Bgwbigh iHye¢ry similar

o the logfife pom:8afion ssbinedfio 0,€ ipled Vi e EopFiTRR  Phring
communﬁgﬁbn tittle p%fri%a dffthé a8 0EhAt-chd1es, aRITMN &ﬁﬁé §ide RX
tine period has not™ arrived at step 1516. [01

routine 159" shownhe ch: d SBfandhadinsendefiXaaviiem] €00hehqyer inddg TIGEWMM he
ine-sice 3¢ e300 amy TG Bt Lot Bhlae s oldfisfoe rx

routine 1$5@Qnd hflintReteer )@l’r@ltﬂﬁtlmoyreﬁlﬁfeﬁdé@ Mdv@evleﬂ duhﬂg the lme side
nporary buffer at step 1520

RX routlsg:l 59% thecopfralles i f Joads éléq Wﬁge%blénrgp ﬁlzﬂ 111%?5@%15%( l?trf&ﬁat Step
522 a0 o AR BRSSP 98! 356y B A R D o

1600', thakenteslizpsl 24 lolallsthemekhisit tcfumhﬁr ﬁrorhuﬁé Hne-gide JVEPuffér2d step
' the controller | oads the decoded bits into the
1610 | pad-side RX buffer at step 1522. The controller 714
al so Ioads t he new decoded bits into the front of the

[0123) ! ne'lif dl@ il 45 Fﬁ]ﬁlﬁﬁ’&rd B wHaPib Faoddy inddtedte phGedhi2el 708 executed

cont ro ler w re-transmt the received bit to
periodicalgntmt thedbntrelis 7304 f the mhim dilnmeer $03cc. gf ondeeeveyst @ms&O(The

usr ne35d Ale L0 Ol GRSl POt b S AL pon e
state of tﬁ& BRIl 8i&Enér 502 JIf tHiRen&TRidimAicF¥8? isiaanreNer wae (.6Sthe user is
-bit synchroni zation ;ynbol of a digital nmessa e)

not actuattims thoteuch sensitiveingtuatarH14) atstepl ﬂl@zﬁietqwetrpll@@ 1I4>¢XI§@'&E)§ an

e routsi 308, Y\Be SRR o TRES0R 3 dp o REREEROL spBaFe s

presently dct@atiby th&NRch Séridevet ddeuatd 610y hterey 17502 thd ddntroller 714 executes
re-transmt the hits of the dlgltal‘nessa ge received
an Activeklgle ropeng K0 df thermainglimmer 682 isia & “edrase geatsf(i-¢-pthe user has
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executeslacRelesbeaoutart 2000. nessage i nto the | oad-si de RX buffer
at step 1530, the controller clears the flag RX LOAD

[0124] at StFeg IJ8 s a 51m€]1ﬁed flowchart of the Idle routine 1800, which executed
periodically when the main dimmer 502 is in the Idle state. The controller 714 changes the
state of the main dimmer 502 to the ActiveHold state when the user actuates the touch
sensitive actuator 610. Specifically, if there is activity on the touch sensitive actuator 610 of
the main dimmer 502 at step 1810, an activity counter is incremented at step 1812.
Otherwise, the activity counter is cleared at step 1814. The activity counter is used by the

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



the routine 1500 exits. [0121] Fig. 16Ais a
sinplified flowhart of the | oad-side TX routine 1600.
wab@sasssty ol | er 714 first determ nes the next BCT/UBIN0S/005187
transmt on the AD |ine 5033fromthe | oad-side TX
buffer at step 1610. At step 1612, the controller 714
transmts the bit according to Manchester encodi ng by
either controlling the AD line 509tHrough eit a,
response tQygp pguaiqreighe épqqhgﬁn%vq asater{HEiand 19t as ¢ rgsy ‘of ngise or
[ e
some othEOHAESiriimel . AR e AHE JekShy dpi €t AL OB P Bielyy s
“deboundilllgéwtﬁcédwe fdragmdchahioADsweitchs ixdjrhli6 W& lldadwinhte one libving
600 exits. |If the control|er 714 has not. reached the

ordinary g Tnfha e Kitkg %%wntaféggatgélsm Igs theBASRIYITRER At dggunter
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perirod TcoMM at step e routine 1600 | oops
at step 1880 Dttertwasd, ltmkiﬂn toutinefl Bed snhlnly eXitsst eps 1612. At the
end of the comunication tine period TCOWMt step
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executed WALE Bvdr§ MBIy cRiwhdnahe tduch fs@néuﬁ)@dacma@& 6108 YBIngakiuafed, i.c.,
routi ne” 1400, and is executed by the controller 714

when thednain fémosridd lsclatthQJACtlYfrHEOIQ State FICAMgterMin#EoTS gaadie\as to

whether tEnﬁ Wﬁ?’“sﬁp&e@ ?}%g& o rgﬁeﬁ%éﬁgﬁlgﬁg%c srlég &tnﬁfégg& If there is
no activi§@iMie kduchisgnsitéBactddier 6100 -s8pd® 1 BXhE @uhirélter 73@0ncraments an
a line-side TX routine 1600' are sim/lar to the

“inactivily saynter det ster ¥Hat iThe contiollerrd 4aises the Irgeli¥ity Royrsgit toyaake sure

that the u%gro?.’no{ &?E%CS&AU h)ée E:Jél%lﬁgﬁtw d#idfﬂ%o g%elf%r@%at;eglgg élgg(kelease

mode. Ifhhé inaotivity beuntérrieless danRminifruar inattidtye@uhb? Yaluarigax at
to the |l ogad-side TX buffer 1524 her ,
step 1914;4[519@ Agtivetold roping; 1§ éofmlwm ﬁeoilmglse ﬁétaé"o?r{‘ﬁ"SI“Paé‘Ps

f d
dimmer 5_92415 E??g %héa ?@lg%k?pgtaltg hi $t$}:9l % lrlﬁg1 Qﬁmhltea tﬁe’imulhge ébi)(‘i‘ Bxifd, de

simplified flowhart of a user interface procedure
[0126] 1700Ifthersut ediptrdrotie deudhysehsitivhacteason 6kﬁ] ¢te§tep711% Opthe
n_di nmer ever

conolief, 354 P SEEFIS Sttt & eroBaige e Ay SBRBun] &g 18

Generati®f of the @8dibRouRe $s axpABEH iﬁh%rém@rmdtiiﬁm&ioaﬂ}&dﬂfg t he mai n
di rmer 502. If the main dimer 502 is in an "

commonkassigned UeS. Patend Applicatian Net | ¢ 12243, dided h@eﬂ@u%@% entitled
TouCH SERUEN A SESIRE FER AR o RE-ER L pro

incorporf1€@by sefeinad) Néwi theadoatrdllerstiadtdeterinirtes whdh€aldngthd I&ngth of the
presently actuati ng the touch sensitive actuator 610)
actuationgergberp I27that the (puch saRsityq astuatars bgiag draiatedrpt step 1918, If the

touch serﬁs‘ﬁi\’ﬁ %‘%’ﬁ'&k& d194t b@iﬁg ]angthedluEgl tﬁeng 'aﬂaadl dMHe 1 ?\Q@r f)o?nbﬁ‘ 612B

ease" state has recent ceased
of the acmatioiiventbet 6&2 tadbsieh 1920.3he cmtmﬂh:t @84 processes tlEtacsIaepn of the
touch sen]é17t13v% actturll?orca% gttggélleelif tﬁ% Lllighting load 508 is presently off at step 1922, the
controller 714 turns the lighting load on. Specifically, the controller 714 illuminates the
lower portion 612B of the actuation member 612 blue at step 1924 and dims the lighting load
508 up to the preset level, i.e., the desired lighting intensity of the lighting load, at step 1926.
Further, the controller 714 loads a digital message into the load-side and line-side TX buffers
at step 1928. The message description of the digital message comprises, for example, a light
level command and the message data comprises the preset level. Finally, the controller 714

sets both the flags TX LOAD and TX_LINE at step 1930 (since the main dimmer 502 will



executes a Rel ease routine 2000. [0124] Fig. 18 is a
sinplified flowhart of the Idle routine 1800, which
wez@susmdo peri odi cally when the mai n di mer 50PCT/FS2008/005187
the Idle state. The controlsker 714 changes the state
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Spec:|f|ca||y, if there is act|V|ty on the to
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erw se, the activity counter is cleared at step
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[0127] 714 {fathehghtimg toadbs pﬂeeemhriam alistepel923the conajées 71l 6 1ldmeinates

Acti.ve tate onl nr.es se to an a tipn of
the lowe stiow ALA oL e AR Bon e T8 pemiag at ok 1o and Shutfofs the
lighting 185d 508 ®FofPht SIEEEITY. NEY ey @@28 'ilﬁadcdn%lllals‘?m 168&s 4'8Bitaf message
the activity counter is simlar to a software

into the lomebdemnd hige-side doe bufifersf wherg thnamhssng@é%csmlo@hs a hghtdevel

knovvn 0 one.havin ord e, ant.
command fnd fis meSERR 4 e e ZpShenient BEeton Sinallvy el cBffliér 714
sets both &d N¥gstHX Cmmindfﬂkuﬁm(stéﬁ 183€ And &lbroutihe N90Nexits.
state of The main dimmer 502 is set to the ActiveHol d

state at step 1818. O herwise, the Idle routine 1800
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sensitive actuator 61
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ity .count.er . control I 714
deermingd B3 g ochieR ofinaacuiiting of tiedoliienav Sehaer i a(dep 1938
At step 1038 MR& c&{tfdlier agd Wl [}ﬁ: lbﬁ’@sfﬁ@ YR llﬁ@-@ﬁﬂetTW Suﬁgﬁslﬁﬂpi digital
610 before entering the Release node.

message hamog aighy leyelgomzmandsad the snessags dasqmmomnd |tlmamesant infensity
t t 4, th
evel as (g e g 18130 FralBh e e e nerta tath CEHIAES 3 4 QA0 g

TX_LINBR®t fteflil 9B® an8 e toutii€ 1 90®etitte Rel ease state at step
1915, and then the routine 1900 exits. [0126] If there

Is activity aon the touch sensitive actuator 610 at
[0129] st epFim 20 is a Hewehat phihedielasa repeing 2808 Whigh A e asiied after the
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reference. e controller 714 determ nes where

touch serzsitimgactdamrléelﬁgmh tbé laadeside and line-side TX buffers, such that the main

dimmer 502 sends four additional identical digital messages to the remote dimmers 504 to

ensure that the remote dimmers received the digital message. Finally, the controller 714 sets

the state of the main dimmer 502 to the Idle state at step 2014, and the Release routine 2000

exits.

[0130] The message description of the digital messages transmitted between the main
dimmer 502 and the remote dimmers 504 may also comprise an advanced programming

mode (APM) command, i.e., a command to adjust an advanced programming feature, such as



actuation nmenber 612 that the touch sensitive actuator

is being actuated at step 1918. If the touch sensitive
w@edosasmsre 610 i s being actuated in the toggl e PCEES2008/005187
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actuation of the touch sensitive actuator as a toggle.
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zero percentlaZAtexpfz Il B ethg contzeliesy 1dehrainags 2h@@sgbmr¢aablec a stcp 2124, and

ominB 28 ABR 1 FREBORALAE -5 E Pl 5 R

graph reﬂre@htme of eRGpréR8t interishts oﬂﬂ’@flighlhhﬁﬂ@d 308kt €8p 2126. Then, the
deternmined fromthe | ocation of the actuation of the

controller gl poniralstheiintensitr efgho Helting lead $0% fp the appropriatetleys] as
determin c? %%m tthh ?ne%%gg{??a‘lal § ch aﬁéagﬁglsc‘sga}l%? gﬁ Jté#)‘agfﬁ' agm% tAY proge%ure 2100

I Ne- Si ers w sage hav
exits. |ight |evel command as the nessage description and the
present intensity |level as the nessage data. Finally,

the contraller ts bot flags TX LQAD an
01321 7 g 230 8 Sl ioHEre Pt pFRIODSGBT el ure 2200
executed by the controller 1114 of the remote dimmers 504. The procedure 2200 begins at

step 2210 when the zero-crossing detector 1116 signals a zero-crossing to the controller, i.e.,
at the beginning of the charging time Tcurg as shown in Fig. 12. First, the controller 1114
begins a timer at step 2212. At the end of the charging time Tcugg at step 2214, the
controller 1114 executes a communication routine 2216, which is similar to the load-side
communication routine 1400 of Fig. 14B and the line-side communication routine 1400’ of

Fig. 14B. However, there is no need for different communication routines and different



[0129] Fig. 20 is a flowhart of the Rel ease routine
2000, which is executed after the controller 714 sets

wo b@sasmte of the dimmer state to the Rel ease BCBHUS2088/005187
step 1915 of the ActiveHol déroutine 1900. First, the
controller 714 stores the present intensity |evel of
the lighting load 508 in the nenory 718 at step 2010.

At step 2012, the controller 714 stores four, entries
transmittig ang geqeagng bpffersfor %&é\&bfecyms pince fherremots dignmer 504 only

communEGSIRBIE L O S A b ORGAL M, RO

coupled tbuké Bnesids oc thetlbad-sideef tl'ml slystrémffﬁﬂr AS0Be srd df tHie@ommunication
itional tical ital ness 0 r enot e
time peﬂ&? ﬁlﬁws abgiap ?ﬁﬂ% aﬁ't Rsatien.conihs f%e@h‘ ﬁ%@ﬁ% i ei ved

the digital nessage. Finally, the controller 714 sets

[0133] the SI@E%@JIgftﬁlemé@ ngsdhﬁmme'a%%nb&ntth@nia% 8insrhafsS0@tand the
step 2014, and the Rel ease routine 2000 exits. [0130]

remote difivpenyé4 anpy ielude ARM comafandhdhel AGM &amsgé@eéoad control

system S} R Pe o RRUNIEE o i s oMo cui bk TR

remote ditfers( ARYIm£AR ATBMer 502 £nd the r&RGIRINENees STl MaY balsed to adjust
advanced programm ng feature, such asa Srotected

local advppesd programming fsduresie., of themamalimmes S8} angt alehplagvanced

oS L ALY AR L S, 0 P

di gital nessage haV|ng t he nessage description
[0134] cont Righ2Bds & bienpNFdd ddookadisgramcb flaraainekmage 262 according to a

. cont.ai ning the APM feature_t hange and . the val ue
second eshadigient AEAPKAERLYFRIoNO. T m%a&é%saﬁmléemwéuapgwwh of the

main dmﬁegszgg?egﬁén%srmjsy arfEsebbRNBETE 59D, DOV cdil inHitil Ries

routi ne 2000. An advanced programm ng node
connectidrsfod esutrollod dhé amoure aif epowdedeil\derddrtocthﬂmgfrtirygdssd §0&dThe FETs

2310, 23, e PR A REARRMEL I GALL BT MRS b T § Geuits 2312,
2313, resﬁé@tﬁJeBS LS&oﬂfcaMlﬂ (8B chftrdIRE ©BY4 isHiRFADN @t RMtrBY the FETs 2310,
referénce. [0131] F Fig. 2 1is a sinplified flowhart

2311 using tha reverésutitase contend deuméngteoiniane @mle@ap@chH s repdpred

conductlvevaz t@ Oﬁ%gr rgmg% 8f Sélc/ixl }*aflf[ Wecf ear}d tﬂgn Ien 'ieglnorr%e cor ggctivieoans%%ciﬁc

time eactﬁhdlheycleto Ediftrol HHeems o\ oﬂﬁ@lwbxqmiwatedao the 1bg1ftfngr15acﬁ508 The
ste 110, the controller 714 determ nes whet her the

FETs 23 H&a@g hhmagdee fargkamplegpart Rembergi DRF2 HH9d's msutashred b Faigchild
semicondiPHy B hrfh E81 B s Sl BUE b ot

and genemm‘ﬂas’aﬂsat/olsdgeMaﬁlnigla&nagrh&ldé\%ﬁré&atauwe of thermalgifitudd off the

718 at step 2 116 and .t he ocedure 2
current g Ag o g e PR S B e SR TETSPERAS | B b dpr example,

a resnstangg ?n@t Tht fthcfod b8 tRNkst BeT Q@f(?ér%ethg %&?’eﬁ’tf seh&e

nmessage 1S zero percent at step 2
resistor R]ZBS71$ tmpdaitortbé hen-isplated ¢ikaniti coatresn.t he toggl e area
(i.e., the lower portion 612B of the

[0135] In addition to controlling the amount of power delivered to the lighting load
508, the FETs 2310, 2311 are also controlled to allow for the charging of the power supplies
1130 of the remote dimmers 504 and for the communication of digital messages between the
main dimmer 2302 and the remote dimmers 504. Specifically, the controller 2314 renders
both FETs 2310, 2311 conductive at the beginning of each half-cycle. During the positive
half-cycles, the controller 2314 renders the first FET 2310 non-conductive at the desired time
to control the amount of power delivered to the lighting load 508, while appropriately



actuation nenber 612) at step 2120, and controls the

lighting |oad 508 to off at step 2122. On the other
whaovd/13389 t he nmessage data for the |ight |evel PCDURBNE005187

is an intensity greater tham zero percent at step 2

118, the controller 714 illum nates the toggle area

bI ue at step 2124, and iIIum' nates the upper porti on

% A of the actuatlonﬁf 612 appropriately (i
controlhf&!et 5 speandditlnds Hetorcouplstthe P%Crtsflmv @rovteEiZand the tarﬁ%wver

734 in pa?ﬁlletl W?ﬁhl th8 Madngad &%t?gﬁﬁrﬁ@rts S@E AbaPfo Tlnﬁ{ha]ré Hﬁ of the power

controller 714 contro e int nS|ty o
supplies | bdarsOfd nirounibati cayyeith el lahd,lside\relhotzesimiﬁtem)mSmdarﬂy,dmng the

negative gﬁlg-cge 2s e dat ;a%regggg ealqu{i%%%"a%:gégt@itl?cgn uctlve at the
beginning b Ble! alfecglciés MERIREAR réide tHU ddonll BEA1INY 1&9%59!1 tive to adjust
%r ocedure % of 1

2200 execut e e controller
the amouneobpa@vetideheersd 5@ the lighting rlmde’iﬁ& ghil2 @mtb@gng ﬁlwﬁrssFE’f) 2310

o allw B0 AR5 £105929, SGLEFLOL LS &1 08 e e

remotedpﬁ‘%{gryoag of the charging tinme TCHRO as shown in Fig.
First, the controller 1114 begins a tiner at step

2212 At the end of the charging tinme TCHRG at st 7p
[0136] 2214 Thesenseonltags gancratad acressdhe cersend sersaremisteaR2dH 1s

prov1ded(r§§ %ﬁ?@zﬁ%ﬁ% CIchbtﬁ}r%g \YﬁJGg]OVF egt c??gtrglagf t?xﬁ g%Ts 2310, 2311

to turn offitIEFETSM the @il iof ah IoOékcﬁﬁblﬁtloﬁﬂdllléﬂO Spedifibalyy, iflélbvercurrent
However, there is no need for different conmunication

condition isdetested, S EUHERY CREmeiFquit YD rendees e dirsteRisl 33 Hynon-
conductlgeg&lﬁr%{rﬁstyg g&ﬁ@g Halt?%géleg X&(J e s?&ﬁ%l?]%’lg?% {1?5%3]‘-2%%@?‘%{ during

ommuni cat In one O
the negatﬁi\&:ﬂiﬁméybgesuﬂdm RER 1840, 23 are mdigtaitiedwon-cosduntivplfedtht 0

remainda S e TS a5 s S Shle s e G5
beforethF%%%ngng.eof%ﬁ%xg'hgff%tybf%n control procedure 2200 exits.

ince t Igrtal messages transmitted between
the main dimmers 502 and the renote di nmers 504 nmay
[0137] i ncl MdewingRk cvernvenedsconditenpmv doatrolered3 14fis sthikoperalle to control

nt r ol tem Yy di fied.usjng t user
the fist FRar uER B PrRECHATR FaRTIRER: Bt Ehy Bl P2 e
transcew@if 17'imei'n5parz;|_ [R$ withi the BhBRRIe an8206ldé Agndte AhMefli SDFENWhen the
04 may be used to adjust | ocal advanced progranm ng

current smatcumﬁ 2815 eendersfthe fiest FET3d pm%rcosé%tlvard@nggéwosﬂwe half-

cycles, tl}%conpraﬁ?ﬁg 19%{9 nggea %q%%bg ri;gt%e&(} 1% be @Bl&(ﬁ.\%lk’g F%él Z'T for

communfdafion &3thithe foadisidy refriobdldiiraerk 501 aw}&mthé cﬁ‘réfalsensélclmn 2315
2302 according to a second enbodi nent, of the present
renders the\sesand T 2pdd nonciondugtiverliring dbg pagativie helf-cudles. dhe entroller

W .
213 o PO 0 R MRS 4 O RERNG, F5Fe in
side remete miﬁmﬁiersDSOAt HEheagfore) lunfig poveercareérit wenditioh,athe herrent through
the FETs 23gilat %] Igl is L?I%te%O»\E/;hlleTrrr]lglnlt:a%lrlng communication between the main dimmer

2302 and the remote dimmers 504.

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



2310, 231 1 are controlled by a controller 2314 via
first and second gate drive circuits 2312, 2313,

wo eapasisivel y. Specifically, the controller 23Bd1/10S2008/005187
operable to control the FEBS 2310, 23 11 using the
reverse phase control dinm ng technique, such that the
FETs are rendered conductive at the beginning of each
hal f-cycl e and.then rendered non duct ‘ﬁba spechlc

R2410, R34 (e §c Kadtuhavingaresistance ght &) The Tusheaia e G9atel signal

GT_DR\?Flr?ac)\éﬁggg tt% ﬁlett%)g(ea h% ?m‘ﬁppar P&ﬁﬁdﬁgﬁonlz%%%@%ﬁz?% thé Fikst

gate driveraitodia2? 12 @d alygsistar R2422, avhsenhaspfot ez ampk, a fescstarce of 33 kQ.
nse resijstor 17_is coupl ed bet ween th FETs 2

When the 1 gats g 1SRG s BB G2, SRRSO S HEoHIh d:

isolated Ib@%ﬁﬁl?%ﬂtagéfﬁrr&f) thD galeR ftid MIEFRT 261 iCpife@Rowh! tBWaRR

rough the The current sense resistor R2317 may
circuit camamen tHroughex easpstag R2424 e igs thaviog agesigtaneet 1THkC(Y), thuas iepdering

thefi st. F 23 Oandt curre S resistor
the first LGS cond Rl ateR i B otk g P elo T PRI S IR
approxln{aQéll?'%]rcﬁlﬂc&ﬂﬂioh) Qﬁbé&le@%bfﬁie'tkiﬁ@nsicﬂ 27049 pulfdd ards the
delivered to the |i ighting | oad 508, the FETs 231 231

fourth non-igeletedIRG s'@lmiy voltagsdV ¢ce thriongina fesisterR2426de g hgVvisks a he

pRl i e 3 r te di 4 an
resistancp RETR KENT Reb ey 3o b PER TR B eouB v Frank afgne
gate drivélcifowt 2 2B30Rasaimilaestik fE andlbparetes irbd ¢imifp etinhecal thy first
the controller 2314 renders both FETs 2310, 231 1

gate drive gifenit 23 1% Hhe transistg QRAPAJ130dmenbe anmlﬁweqeé as paftiofg dual-
it d
vansisot ARNRES Ll Yol KTUES ot Al 30, e

to control the anmount of power dellvered to the
[0139] | i ghfThaguire@debddSircutti23éS apresmppisivatte thecwaritage lgknargted laeross the

sec EET to coup th current _|jm i cui .
sense resiy ] 7 thysaie Cor o conee EngsiebiineFER et Eaft! During
the posmv@ adrelydRs [RERER F@mro%oﬁ%ls(tﬁ@arﬁbﬁﬂv&f pBlvet BBlivered to the

charging of the power supplies 1130 and cormunl cation

lighting lpid HO8.hAt thasitims;| e volags gendiatedeacsyss tig} sankardsistordRd31Adhas a

. the negatiyve half t 14
negative pfigni3ifioich FesP8es 16 MR iro ol 2 amigtony (The ulRARFRge
circuit 23lf5 &Jﬁﬁ)rﬁ@é 4 fies( @bﬁ%ara?di@lﬁ@r(e 1€ @dﬂ meinfbee LME08 dmamifactured
non- conductive to a i:‘ust he amount of power

by On Smwww) fo renvisring dta firsyFES 23 16 ogn-capductive dmthegventf an
overcurr%n(sﬁgr];ﬂng 1';1J SFET 31%{)%61&1?’6 laito %gr Al fhr(gt &?&Eﬁ '\?%tgge s'})ef*owded to

nlcalonvvl

the invertih@ pait dﬂheeaﬁiparaebrrmmm dmd4s gérdtaiéd by heesiaivealividet age
generated across the current sense resistor R2317 is

compnsqag BReistrra R244% Rifdde dior sxamplecthe gepitors K2442,R2444 may have
reswtaan% (?fr jdhfj E%If%l?%l érjlé)fti’%r ol &: 1vz-,12f such tRat 4kt Arst fefdrettcd golﬁallég ﬁas a

Vent an overcurrent condi
nominal fagnitddecs]approxithataly bVe rkhervodtage aayosh the eense sesikedreR2 2, is

t he cur t It 231 he f FET
coupled t?sig@ngllb ;fgvgﬁmsggg)g&e& t{lg gg)r%par%to? U|’2%48 %{asa ;esgtorll{234t46 (e.g., having

a resistance of 2.15 kQ) and the non-inverting input is pulled up towards the fourth non-

isolated DC supply voltage Vccq via a resistor R2448 (e.g., having a resistance of 6.8 k2).

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

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



during the positive half-cycles and the second FET 23

11 non-conductive during the negative half-cycles. The
wWGoBENS/128819, 231 1 are nmai ntai ned non-conduct i veCT/OB2008/€05187

remai nder of the half-cycley and the controller 2310

resets the current sense circuit 2315 before the

begi nning of the next half-cycle. [0137] During an

overcurrent condition, the controller 2314 is still

resistor Ry3d 7 apgreases, sughthab thertagritude of Hieyodlagoaidhepea-ipyprting input of
I 7
the comp%ﬁdt&gﬁtyéﬁi é’ec?@ag%tgﬂ&\Pﬁh%gﬁrﬁgﬁpge dvt\’/l @i:ne{]ﬁlt%hgffﬂeﬁce &ﬁgg@ ht which

transcei ver I ne- si
time, thelcoagasitatedrivestiecoutputriewsosarlls cittainconmonurk eanacsamGMSO is

circuit 2315 renders the first T 2310 non-condycti v
coupled (4 1h§ Rep-ETRLPPIVAS e PoRDRPIEE UZHQ T BHVIGH Sogre Seliyin the
operatior{;ﬁ}gé\/ et enSEGRUA 2BFS and i'i?isltf roexlgﬁ)p‘?é) ﬁ%ﬁﬁidlt‘éﬁcé & 150 pF.

or conmuni cation w t | oad-si de renote
di mrers 504. Wen the current sense circuit 23 15 .
[0141] r enddihs outpait o€ therednipanatordU2440nis woepledi tecthie besaielr d RYP tbiygolar

junction REPGYO¥BH S raieD sislah fador ULy bPE BIFY IR 22 AT The

base of tiORNANEAD2452 idhplilled BE tdw2@Sihd €hik € ABH-BotlitéBCSsupPh voltage
Therefore, during an overcurrent condition, the

Vees threughragisision R34 (¢ &:chariesa rzgisancoef 220 kQ), ispch thabwhen the output
of the corgrlﬁar%cﬁ" @ir‘{elﬂ)o m,?;t?én' g{ﬁ@%ﬁggﬁ'eﬂlage%ﬁ c%hm{vez%ever

during arbévaRturtére doﬁcﬁhemmeﬁ titl agp@rofaie ¢digparaton mmmdra&aaow the
showi ng the first and second gate drive circuits 23

transistonQ245 isdendseedeandypiives ehesordinglyythe voltage atthe gatgod .the fis
4
FET 2316% @.'}l!)eid d%n%ﬁg}%lé %E{/Ic%ﬁﬂn I‘%?P%%Sdl 2@ 2|§ %ﬁgc% ares dstor

R2460 (esgphmdngmeslsthncv of 820 €1)j sush 21t 2he ﬁﬁllBETrﬂéSﬁem:temdaiegi non-
The gate drive circuits 2312, 2313 are coupled to the
conductiygTs 2310, 231 1, respectively, via gate
resi st or sR2410, R241 1 (e.g., each having a resistance

[0142] Of 4%&& bein f}endéré@éorm%ﬁvéimevmgmrr 45§|19m&he@BnDB}Ah that
is coupled to the base of an NPN bi po junction

the first EEl‘aaél%tmal@m@GC@fduphee wntildhe frst gatg |dnve curwit 4312 agnmpts to

R2422 i.ch f
coneo L AWEFERATHR0 ERSE R0, 5 ks OB g
oGNS ot M)t

having a resistancef 12430 elpthel firat grsoAr Yosiaauits2 3 2rig gontrelbngrihs first

r iy
re1 231§ RS GE LA SRS 8 Sroaf USSR Gufhe o
overcurréffieonditien fthe stangdstbeQAH6Y & rendpned cdnbubiid. Tise Vadiag it the non-
at appr oxi rratell)é circuit common), the collector of the

inverting;1ppqf dheysoraparaier L2440 i3 Rulled slopariapardsicirsurt samymen through the
transwto@%%%?%ﬂ &gdﬁﬁﬁﬁg Pdu¥h Yigdk H?egﬁlta{ﬁ(b tl&%&ﬁf\ik%ﬂat@r (9346 t@hains

ng a resistance o
low and the ¢ransistog Q2452 hamdins sondeelive 3When itlse camtrddlee2B 14 controls the first
gate drive (cgcr)]rtljtlr'I ts%gvn?ll G]PIBRS\?IC ﬁ&ﬂ to turn off the first FET 2310, the base of the
transistor Q2462 is pulled toward circuit common and is rendered non-conductive, thus
resetting the current sense circuit 2315. The transistors Q2452, Q2462 may be implemented
as part of a dual-transistor package, €.g., part number MMDT3946, manufactured by Diodes,

Inc.

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

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



gate drive circuit 2313 has a simlar structure and

operates in a simlar manner as the first gate drive
WwW@R2o0suB3872312. The transi stors QR420, QR430 mapCchEs2008/005187

i mpl emented as part of a dualtransistor package, e.g.,

part nunber MVDT3904, nmanufactured by Di odes, Inc.

[0139] The current sense circuit 2315 is responsive to

t he vol tage generated across the sense resistor R23 17
sense resyster R331J hap @ negati wermagge svdoresechioghe npp-igofated siscuip

2 g 1S o . ) . T
commons Tyt bun A S NG CRTS CONErOad U5 implfr Uz (T ar
number 1M@B03,igardufadura@By G Sérhiconduater) férrenderinigahe sgpend Faile2B 11
across the sense resistor R2317 has a hegative
non-condyehke e SFPT AR SFercpITER Cmaltwarﬁmpgs tha %&aew Blfeycles. A
second r&ABIEPA oI} i BEdePAtEd ﬁgg?&iﬁi\;e%iﬁe%%w&@%s R2472,
Irst conparator U244 e.g., part nunber LM2903,
R2474 amhisipraditied tcthb pomin@eting mpdtcf the pormparatos Ail70n J heresistors

| gt FET 2310 nop-.conducti it nt of an
R2472, RATR g BRI PO PaIPIoh oot K rashrs By push thr
the secorfdl fefdr&iceV@NBEESRES NethindDRabSitide Y afSidximattyel .5 W erkd Wiltage
i nput of the conparator U2440 and 1's generated by a

across the esnisstresigodRY3 Heis couphed it thegnyaring inpusofhd 4omprrater]J2470 via

s s B8 R AP SR S G50 B S ERA NG s

U2470 id flatedtupovifdsithd Rfuetheidassil@lell TUE sty folp@ &, via a resistor
magni t ude of approximately 1 V. The vol tage across the

R2478 (sgnbavingaresissancreg #B1ik2eoupl ed to the non-inverting
i nput of the conparator U2440 via a resistor R2446

[0144] (e. g:Dur[}l%:/ﬂ&?l%aﬁ#e?ﬁosnt @Héjf $ve%cﬁ'§en¥¥grg§ﬂ?1h£snﬁt occmhrring, the

non-inverting I nput 1s p ed up towar ourt
voltage geqeratezlaicedse thdXenseirepisyor\RY3M Agesuch that thamagmniasiesifahe voltage at

, R2448 (e.g., having resi stance of 6.8 k 0140
the inveriipg ip _os%mm%?r Dot s lesn e the magpid ?WL sécon
referenc@&ﬁiﬁ?@ 'aﬂﬂﬁé%?ﬁny&hhg%ﬁ)u@ SREIRIRE A OF ﬁﬁscohﬂﬁra?tglﬂg 8470 is driven

resi st or 71s's that the ‘magnitude of the
high. Theohagnijrededf theevoltagd gererdtedgerpssghe sefse résesteroRPpdl7anoreases

B2 TR T N -
of the cohfpRrAH V24 700b ihérBaseUBBAE BeGhadditidl of thedetotItelbréitte voltage.

During an overcurrent condition, the nmagnitude of the
Thus, the/edmpagetorn $1247 0 dodesibe ovtput lav toovasdy @irjuiteomImore 12k capacitor

.incr e such that .th ni tud f 0
c2480 ig EPRANE M AT Iy e Ao s U (hBRR sBhne acty
in the opeRELE JF B &@Jeamsdnb@_cimgnis1t50m0fas,tfaee)faimd;ﬂ_é, 4 efpatieaee of 150
vol tage, at which tinme, the conparator drives the

pF. out put low towards circuit conmon. A capacitor C2450
is coupled to the non-inverting input of the

[0145] CO”paﬁl%to%'EpL#t’%?ﬁ% dothpir Y 084 FPRR o5k aYo {13 btag‘@o% a PP bipolar

operation o current sense circult 2315 an ,
junction transisteaQRH 82 thaougpasisisen®248# (.80 hpFing pGdsiSthncEhe 2.2 kQ).

When g BBl hEn SR i ot e Bl S ok RSt
up towar_ﬁi_ﬁgdesthﬁﬁ nBR4ststate® DE supp®y i 8lthge VLS5 trrbaglteredistor R2 48 (e.g.
having a resistance of 220 kQ), thus rendering the transistor Q2482 non-conductive. During
an overcurrent condition, the output of the comparator U2470 is driven low and the transistor
Q2482 is rendered conductive. At this time, the voltage at the gate of the second FET 2311 is
“shorted out” through a diode D2488 and a resistor R2490 (e.g., having a resistance of 220
Q), such that the second FET 2311 is rendered non-conductive.



base of the transistor 2452 is pulled up towards the
third non-isolated DC supply voltage Vcc3 through a

WO easasmry R2456 (e.g. having a resistance of 2POT/k¥J008/005187
such that when the output ai the conparator U2440 is
hi gh, the transistor 452 is rendered non-conducti ve.
Fbmever during an overcurrent condition when the

out put of the compar at or U2440 is_driven | ow,
101461 t r and e sesondggatexdrive GiigHH @ b isceonaledite Wae basg e&a@N?gN bipolar

pcion 083400 G209 g1 O8LBe G L ERRFERE 8 ) v

the secoxﬂ%@ﬁ@dmlﬂ:uﬂ%ﬂ%mcoxﬁﬁﬂﬁﬁg the .fgst, FBETA23 hgtoaaeraasdsdtimmd the
such th(ilt2 the first FET 23 10 is render

output OfﬁBﬁE‘b‘HB%Iéloif 2470 as drpyendpy, urwg.mngﬁaf@mewnéamu tv’élswtor

Q2492 ispackéERRIGEAYe. D Vollsde P 36 ifflrtifg Fipu! PPt COpargtor

U2470 isgatlled do'wneowands girtui2 8diAmenttopgls tttedransrstqr@ZAltSBanﬂ iardgode
FET to be non-conductive first rive

D2488. AFargingny g gt Gaseipru 2R S i o \are Hestngistor

Q2482 i 14RREd 8 shERNRL feQbcdRASZT bBI p#é%hu?s ﬁ(ﬁ'ﬁé&fdﬁ&tl\%&ﬂﬁﬁ the second
(e.g., having a resistance of kKW . Wen the first

gate drive aireuiti?3 Merenderes thet see@d BET §3¢bnomﬂbmdu¢gvc h&h¢ turzent Eefse

circuit 2903 15 st when B agtrenes 2338 donals M fopLeect dBve convig) sienal

GT _DRWD ghttd) aiin offt@ie 6EANE IFHETOZ3 102 48P the bab € HTBE @dnsistor Q2492 is
conductive. The voltage at t he noni nvertin I nput_ of

pulled towaed Gienwanoanaen, mmongéhqaﬁumsesaorWZt noRegodduetivee e

t
transmtor&ﬁﬁ?@?hé?ﬁ%lglg% ?mbfeﬂ?:% %l a3 @8‘%;}-?;({ %pgﬂgﬂ%@o&%k ge 6g’., part
number MIMID B394, hﬁnhfa&ﬂﬁécﬁbpmé&éa&cr emai ns conductive. Wen
the controller 23 14 control s the first gate drive
(0147] 5310F8 3 1DASERIIeCAOY UAGAS S TeBHBI losatian digping system

2500 hav‘ir%%ﬁﬁn?alhﬁﬂéﬂzs@gm@wé?anbé dﬁ:ﬁH{%?sf 54 Mﬂr(gx%g)uacﬁﬁrﬁe

resetting the current sense circuit
embodintentiofSthe lpm‘ssnt@%é‘rﬂl,onmﬁrdwg/tobhe segohd eebbdune, thantaimf

dimmer fﬁgﬂual Y 535 nSIa‘Ziip%rjl eqpim: sid Qiﬂ'g]%rytﬁﬁnuﬁg)%t(h%rectly to the
lighting IB§<9 808 YE€sH inBIE! By or Eﬁﬁlﬁeﬁ@é‘gf thESydéh (Le.l §1r&@1%1rt§l?l|1@AC

to control the afmount of power delivered to the
power souiagHt6hg | oad 508 and the vol t age generated across
t hesense resi stor R2317 has a negative magnitude with

[0148] resp%ct 2t6 ﬁn fm:d 18 (51 aﬁ”l(;qué Ea?nomerir B and the remote
7

curre sense I rcul conprises a secC

dimmer $0AngRa6: @i tolWRd tHird( emigbdimpat ¢f thelpieeént ikEa6idn. The main dimmer
manuf act ured by On Sem conductor)b for rendering the .
2500 cor%mbssﬁasmie vichinggFrudlodfdcornied btvesa the GFmes hoperminal

o ane QUL A OO BRSOl e
charging ghath fde thehmwen guppie 7B&$)fﬂteo‘emol¥2diifﬁnerl'-52)474\ cordraller 2614
controls rgg\ylvlotglen%gté;?rpgggggq(;[,osllaen(\:loenrdtué:trl] € to aﬁ)low tgg pE)er/gr gu%nPya’;ﬁ)t otr the
remote dimmer 504 to charge during a charging time each half-cycle of the AC power source
506. After the charging time, the switching circuit 2636 is rendered non-conductive. During
the charging time, the power supply 730 is coupled in series between the AC power source
506 and the lighting load 508. As shown in Fig. 26, the switching circuit 2636 does not limit
the current through the power supply 730 during the charging time. However, the main
dimmer 2502 may further comprises a current limiting circuit (not shown) coupled in series

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



R2472, R2474 have resistances of, for exanple, 22 kW
and 9.09 kW respectively, such that the second
wO0 edosngisce vol t age has a nom nal magni tude of PCT/US2008/005187
approximately 1.5 V. The vabtage across the sense
resistor R2317 is coupled to the inverting input of
the conparator U2470 via a resistor R2476 (e.qg.,
havi ng a resistance of 3.01 kW . The inverti n& i nput
[0149] o ¢ HBe comiritearfl4 1omy opyrablg te sndghthe serycpadpgiar switch 710
f ' . DC. i I
conductiyifidr AT 3e PhAind qridRA b PLEARBANEG NI G Blvprsg to the
lighting load SU814A tfansceiger2684nid coupirdafror nhenig nerarinal i ke theraeodssory
) conditign is not occurrjng, the voltage generated .
dimmer tgepigabADn archahaichs Fapsselyier 26ihof the maid finthgk 2 3Rds coupled in
liel WiBOMHeHiAS N er 73] of M REBAintdiG J08Y &k cBHtb W6 121is bitfabl
paratie corrpaelr at o? Jﬂ?oﬂys | ess ef‘?]an t he magnict utée of th(leS ﬁb‘?a ©
to transmsteandirdcaied digaalrmessagdsage thettrankseei vay2638 4 dering agommpunication

.. _and th ut put. of the co at or. U470 | i ven high..

time imigg oL RE e chateng L LG BRIB AP aNr 280 bR gomsine s

power supfRSRB30ewhithYenErARY anlisHISEADESiPBIy VifltadB VQLE FdtpolwRRhg the
condi tion, causing the magnitude of the voltage at the

controllei A¢kt aidghémlpwt valfage kiscwitnpd the mainddaf@rt o i ncrease
above the nmagnitude of the second reference voltage.

o150 TSRS EREUBA AR AR BB demosoo

Figs. 25 4l 14)¢haBmi dikeidri2302 icowldtalteinatitely berpaplad e thddhéGideof the
rovi de sone delay in the operation of the current

system 2300 githethe einmed ok tegminah 2 coupledtodhp ML, PV eraoEser R @ad the
hot termilﬂél %%glgﬁg% tc% %%?E%o%@g%?%@%ﬁ%n&?ﬁe%ﬂp Al ARRF 25824@(?:0upled

polar junction
to either thedosd-sidebr (H2482-didy efithh spstermr 2i560,ahe RadBdin(raerd2502 only renders

the switcP 38 CHOHBAP 4t 6oIAUBH FouRE CHBHICE RS Wadhe HRmetR dimimets 504
during eJe?@G&'e?fn&lf—c%@%%?tHe;%??bh@P sdiRcd. OGS SmbRe whidh kit main dimmer

non-i sol ate su vol tage Vcc3 thfough a resistor
2502 is cRepled tq thedoadaside nfjthe systeinstS@fcthe mfiai® Adoninwy allawaithe power
. dering the.transistor 482 non-condyctiyve., Durin
supplies 150 60tbpatinpErtimbgins ¢4 Brehatatang FopErom At Biegimelor
dimmers @@4?!%&1% til posaive HAYY-ARtkst [Th the dbfr BAR, th2dh8rh difhmer 2502
rendered conductive. ‘At this tine, the voltage at the

allows thg powepsupphies 23¢ ohthe Fermotzatimmers504tohargs andtcommyraeaies with

e e, B, B¢ B B0 b ST ER U B, R e

the line-side A€ Syst€n 2900 CTRE A Hienrh&12B0P dbBensared to gataBsmit digital
drive circuit 2313 is coupled to the base of an NPN

messageingybeaquprtdialf-orelasr ansi st or Q492 through a resistor
R2494 (e.g., having a resistance of 1 kW. Wen the

secong [Hr¥&@nEinvEhtid bean BSschiBEd [eldtidd b Berticyl
(0151] first 51_1%%%%15{ t(r)l gle conn uctive ar?g t&Le gut put E?mtcﬁgr
embodineotspheradf) mddg 4tiderivariationseand iInoedi ficationg and otheengas willibecome
corhdition, h%tra I st.or . . .
apparent to those skilled in the art.” Therefore, the present invention should not be limited by

the specific disclosure herein.

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

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



@492 is rendered conductive. The voltage at the
non-inverting i nput of the conparator U2470 is pulled
wa@loows/18337@mr ds circuit conmon t hrough the transpPeT/062008/005187
@482 and a di ode D2488. Aagordi ngly, the output of
the conparator U2470 remains | ow, and the transistor
C2482 is latched on, such that the second FET 23 11
emai ns non-conductive until the secoggF%ate driv

ordinary ghiflanithe b ipmpaiResvalyss of desrampansits 5.§,9,10,23, and 24
and still m&nQRaﬁ)éﬁtc biffrol s ﬁt ’ oﬁr té?B%eg?@QE&nﬁbﬁcu' t 2315 is

set controls the second
gate drive control signal GI DRV2 high to turn off the
second FET 231 1, and the base of the transistor Q492
Is pulled toward circuit common, rendering the
transi stor 2492 non-conductive. The transistors
@482, Q492 may be inplenented as part of a
dual -transi stor package, e.g., part nunber MVDT3946,
manuf actured by Di odes, Inc. [0147] Fig. 25 is a
sinplified block diagramof a nultiple |location
di mm ng system 2500 having a nain di mrer 2502 and two
renote di nmers 504 according to a third enbodi nent of
the present invention. According to the second
enbodi nent, the main di mer 2502 nust be | ocated on
either the | oad-side of the system 2500 (i.e.,
directly to the lighting | oad 508 as shown in Fig. 25)
or the line-side of the system(i.e., directly to the
AC power source 506). [0148] Fig. 26 is a sinplified
bl ock di agram of the main di mer 2500 and the renote
di mer 504 according to the third enbodi nent of the
present invention. The main di nmer 2500 conprises a
single switching circuit 2636 coupl ed between the
di med hot ternminal DH and the accessory di mrer
term nal AD, such that the switching circuit 2636
provides a charging path for the power supply 730 of
the renote di mrer 504. A controller 2614 controls the
switching circuit 2636 to be conductive to allowthe
power supply 730 of the renpote dinmer 504 to charge
during a charging tinme each half-cycle of the AC power
source 506. After the charging tinme, the swtching
circuit 2636 is rendered non-conductive. During the
charging time, the power supply 730 is coupled in
series between the AC power source 506 and the
lighting | oad 508. As shown in Fig. 26, the switching
circuit 2636 does not Iimt the current through the
power supply 730 during the charging tinme. However,
the main di mrer 2502 may further conprises a current
l[imting circuit (not shown) coupled in series wth
the switching circuit 2636 for limting the current
t hrough the power supply 730.[0149] The controller
2614 is only operable to render the sem conductor
switch 710



conductive after the end of the charging tine to
control the anpbunt of power delivered to the lighting
wo oad/15882 A transceiver 2634 is coupled from paEURDING/005187
terminal Hto the accessorwsdi nmer term nal AD, such
that the transceiver 2634 of the main dimer 2502 is
coupled in parallel wth the transceiver 734 of the
. renote dimer 504. The controller 2614 is operable to
What is dlaiggd st and receive digital nmessages via the
transcei ver 2634 during a conmunication tine
CLAIMS medi ately followi ng the charging tine. The main
di mmer 2502 further conprising a power supply 2630,
whi ch generates an isolated DC supply voltage Vcci for

ing th troller 2614 and other | | ¢
Ci ol t Py Aorufiile ogpbSicaR P gl S tonF el e ARRount of

power defiv8i&B ko &9 ORcirR bR Nart AE pRAF 808, RE s%srt‘&n Y RipEiing:
2500 in Figs. 25 and 26, the main di mer 2502 coul d

al t enmzin laaidycobeokdnypdesadapted it be toupdedsingwsries eleplsical

comneeti Y aREVHBS AP Eotoiie SO0TGRACLiSE! REY [ 8PN AL e Sount of

power defiO&rel @6l tHeQ1édtEc dl @5HAL theCth RS & Efdrol &ViEeopdigbl8® Eonduct a load
di mer 2502 is coupfed to either the | oad-side or the

current friophihe i powpr savecesipsheplectsigal loadi@angdai n di mrer 2502

only_r I j ' 4G Uit . ' nd
AR R D A R R
connectidi WRRh thenhnayed eortiol UbEicAbetp@ér thesSAQPOSer Faurce smblelectrical
n the main di mer 2502 is coupled to the |oad-si

wh d
load, suchfha Hie rsinotelend sontrolidsuicsds pPeIpitfs canduglibe dond et from the
AC powe?%gﬁ’ljc% o th%?&:(i)ec@l].ficia:l1 'flfaﬁr LA e lﬁ}i@fi&ltlﬁ)@ég@i% ﬁc}l‘ﬂ&ﬁtoﬁd%dfurther

mruni cates W & renote nmer s 4 during the
coupled tpaké miairelobd kdntegl ceee tidoughhen atdeesornavindng, ttheremeite load control

. di nrer 2502 al | ows the power supplies 730 of the
device CQMPRRE YPAWETVPBYA t o charge and communicates with the

r e fli TR Hain 982 dtinktdg dE e RPRLabKEoRAhDIe GYhhffng path to

when the main dimrer iIs coupled??o the 1ine-side of
allow thet roaves pup pnof BEOrenibheload icontti derice 26 ClRar go thsougit thn eeckssary

. retrapsm.t digital ages | sequent half-cyc| es.
wiring O{rEiEE BRI QTGRS ohe PATETEo! Y STOOTF Rt bR M 1033
control dEiE€ hhd @ reMofedbad ttird] Aetidé bp&rdblaio BHMARINMIRAMN With each other

thereof, many other variations and nodifications and

via the aqpessory waenrg during beasone tigsmeriod of the haloewelski | 1 ed in
the art. Therefore, the present invention should not
be limted by the specific disclosure herein. [0152]
The ¢al ueJhprioad aatrohsystsnn of olaim i ewhereirethe amain fradtcontrol

. nunbers of . the co nent. scri bed .herei €.09.,.as...
device s supoly UGS Sh repates i Sipp)y S B gdior Viring 0
allow theSréAIoR Bad cOntfSIGRVIS té BhdrBe tRIPondr Bils. of the present

i nvention and should not limt the scope of the

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

wiring.

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

the second time period of the half-cycle.



present invention. For exanple, it would be well
wWithin the capabilities of one havingordinary skill in

wo b@sasis7e o nodi fy the val ues of the conmponentBCDUS2008/005187

Figs. 8, 9, 10, 23, and 244and still obtain the | oad
control systemof the present invention.\Wat is
claimed is: CLAIMS 1. Anultiple location |oad control
system for _controlling an anount of power delivered to

an ePect r Thalloadpentrol sysiean octaise heWhers iy the maip foagioptp)
. . . t
deviee arf Bt @ ToadoBolar AoCacE Bhafle (ABERGRIABRAN S fell,
messagedwtiec $0E4s0Ly witthg igingl the kedoad tinlegeetiotiaif tivoinif-cyclef
t he anmbunt of power delivered to the electrical |oad,
the main | oad control device operable to conduct a
| oadecur r gk 164ddBntrdEsydfend 61Elains S pwhereirotht Meain load control
. . electrical load; and a renote | oad control device
device is ghargeistizedbpan adasredipiograsapingeaiiss end the) digith meessagsn
. Wt I.1; r ' n the AC power
Compnseggﬁpg{ég%ﬁl taﬁ]edsg@g@? ?%gﬁbfog%‘h&gnﬁﬁ%ﬁﬁgt the renote
| oad control device is operable to conduct the | oad

ona. t ne WERLEE b AT PEMaGES) Bnbrdf B B0l Fifysaee

comprisek dlcbRfhardadRbeGol the himGuntd fipoweadetwiéd @l theévddce
t hrough an accessory wiring, the renote | oad control

devi ce conprising a power supply; wherein the main
| oad gcont gl 16@MIcHEOl SystRebaBlain 5OwRORE e didhdndkage
~path to allow the power supply of the renote | oad
compriseg gmoupl ofoayias @ressnidhbeige dekivasedyte thadoagdecessory wiri ng
during a first tinme period of a half-cycle of the AC
power source, the main |oad control device and the
renoPe | oddedontk qonkrobisxstane obplaimadl whersirchamempiedead control
. with each other via.the accessory,. Wi during a
deviee SBEDARTTSFE 2 doieb i Risp (B R o fepabdeB o st .
control systemof claim1, wherein the main |oad
contrql deyice generates a pply volta and prqvi des
the dfippl yi Rsdpacipatiohsysie afelalind, yhggerriRg Ve bindisalor s

illuminated € 8RPRAY AnlafRANEON I pARENEELEIAg ABRVGEd td e RRMRIcal load.
supply. 3. The load control systemof claim2, wherein

the main |l oad control device limts the current

suppljhed tQetih&l éo@@ai %&ﬁ@f £QMHh NOWhERH @8 rénb@38ad htrol

accessory wring. oad control systemof claim
device futhemtmmprises alveretedscolmaghicasionreadcud @dapged to e ¢agipladeto a
current suppljed to the renpte | oad control device to
of Pk,

wireless gommupicafi t limt level during the first tinme
period of the half-cycle and to a second current limt
| evel _duri . ,
12. ﬂl% load control system of claim 11, wherein the remote load control
device is operable to transmit a wireless signal representative of an amount of power

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

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

device further comprises an audible sound generator.

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

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



the second tine period of the half-cycle.5. The | oad
control systemof claiml1l, wherein the main | oad
wa@oousnsds7eglevi ce and the renote | oad control derRCT/ESEN®005187
operable to transmt and raeeive digital nessages via
the accessory wiring during the second tine period of
the half-cycle. 6. The | oad control systemof claimb5,
wherein t in load contrgl device is characterized
by ar¥5advgﬁlég‘§adgfr°é‘§ﬁ° W%O?@amﬂewﬁ%{ﬁw ﬁée‘B?‘ﬁﬁ? control
- [ p AUt
device cdi5R08n R PSR SOBETRD A A1 culrpf B EAEGHde less
than approk anately,0. ek gihan theeaidgep $witchis opemgel. conpri ses a
command to control the amount of power delivered to
the load. 8. The |load control systemof claimS§5,
wher ¢6.n t Mhedoagl doatroheyssamy of claiipil | whsreah®nmain lohd powvesl device
present]y bej delivered to the load. 9. The | oa
and the r%w@rl%l %%rpﬁea?we gleApRiaple (QrsePdHGh tlifh]@aﬁ? ewmend fr%@e AC
pover soffRR46 Ml HEHER oM KB o BARHASEAnéeyth e pARIPREDT e AC
power sostest em of claim 9, wherein the visual indicator is
illumnated to di splay an anount of power presently
being delivered to the electrical |load. 11. The | oad
cont 19l s¥hedésadodontbhsyiteln of\blaineil nwhérein thedirst tinvaperiod is
_control device further conprises a w rffl ess
approximagilyrg inses ang theciecend HmsPspedss PRTHEmatsin? dd ®$ca
wi rel ess communi cation link. 12. The | oad control

systemof claim1ll, wherein the renpte | oad control
devi 8 i s Thpdpaghnontrobsysteam ehtlein lywhenetsthe dirgfime period

r '.%f% 0f ] power presently being

oceurs beggﬁ%itgég%gﬁ{l (ltnl ené)lagg?lgﬁ %:ig:tyﬁgad via the wirel ess

transmtter. 13. The load control systemof claiml,

wher ejn t Le n evi.ce. fur

comptPses 5 SREhBrer S5uBE R A Kheicis HEREH foag ontro
device ar@laAt Féthots ¥.6h@sN defvice! faimna tomihari€itiontpath tiai dbeks @dtlpass through
) control device conprises an air-gap switch coupl ed
either thesfyerpopersourpeof Bgglectigabifadnas a magni t ude | ess than

approximately 0.5 mA when the air-gap switch is

opened. 15. The | oad control systemof claim1, wherein
t he PBrot dhederd confol systame of elaing dnyhersusthg perapte-lgagdycontrol

.. ' C [ . - C

doice s JHEN SEVBLE SHEIEARL (PR PR S 9% g convol

system. air-gap switch is opened. 16. The |oad control system
of claim1, where the main |oad control device and the

renote | oad control device are operable to conduct the
| oad2¢ur r @t 164dodBntldEsydtem of claim 1, wherein the main load control

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

system.

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

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

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

accessory terminal of the main load control device, the main load control device operable to



power source to the electrical |oad wi thout a neutra

connection to the neutral side of the AC power source.
waQ7008/iBss7¢ oad control system of claim1l, whererPar/UEB®08/005187

first time period is approdrmately 2 nsec and the

second time period is approximtely 3.75 nsec. 18. The

oad controq] s of claim.,1, nthe first.tine
enable a fisg Sharg e & Sl e M Howmeer SubRk af eash Bk Simplevice o
charge thrB@éH th@)é@&e%sor%Qerm-mﬁ duPiRg acrst ik peSd M Régativaha kycle of

wherein the main | oad control device and t%e renot é

the AC powgnsowte;dodi ce form a conmuni cation path that does not
pass h e|t er, t source
o1 2 PP S Pesie S Lol e e Elmeing EpBiat et s tgpe-
side remotk,lo&nlon déiee 5@15%&0'&&53@@6&6 tHe 16821.5ide térniRdlant eslthe
to be located on either the line-side or the |oad-side

accessory ¢ggrminad of gecmaisrdezdtonssed devire, the mujnelopd gentead wevise operable to

enable a s%%%lh %g]ar%mgapaaappe%]lc{\y\ﬂ%r %V%Eégpé)dggﬁ [hg l?% e? %‘tﬁo% device to

charge thrbuglethg iadeesdrytwiging @afing b d@stafmé periddostth gusitivetial Syleot the
22. A multi ?’e | ocation | oad control system for
AACPOWQGEHFFolllng an anount of power delivered to an
el ectri cal Ioad froman AC power source, the system
conpri sin a main | oad control device having a

li neé3si d pad mtroéems@r@@ftctmrnencwhetewth@énqméoemontrol

device is 03) ¥%ﬁ lg) 1§at%> A3 ts‘?{ig}e%te 39@9& (eflgnﬁg peecond time

rlca oad, and an acce
period of ﬂhe rpmslnaé haliﬁ-cb/cle Carfil td&oﬁﬂmm&ité aatlh thetine-side demmezievnce during
ng. a power , the Iine-side renote |oad
a second t%"nt"?‘?ﬂd ‘h‘gb? B%gaé‘dﬁﬁﬁﬁ.%yﬁ be coupled to the |ine-side
termnal and to the accessory term nal of the main
| oad control device, the main | oad control device

operdbl e A dadasntobdevigesadapted for v ip atlead epnitol sy§iqrm or
controllm? %Xr{\%&g E.Htfc# é%é&%& gélgxgerr%/(? fbdansélgap&g %’Jdefrgrﬁ C/?C &)‘8“%[-‘ %Lg@e the

erm na | rs
load contrpkgyisteth odmprigiegaténistetahfrelcdevice, th‘e lbethdhﬁoﬂ) diweite comprising:

sour ce; andaload S|dere te lo ontrol device .
conpPRiaEFeREOTy teraRianl aodabﬁsﬂyo £ reup! sﬁ@sttclaéem%tﬁﬁp@tr%ﬁedwe’
Contarc‘ﬂla{giiﬁ%gﬁﬁ (g&dﬁgvgg% R RmotOLB df&icé Ibe?{wac%n%h%ough

term na essory termna
the accessbatedrmoimat;r ol devi ce, the main | oad control device

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

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

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

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

wherein the controller is operatively coupled to the control input of the



charge through the accessory wiring during a first
time period of a positive half-cycle of the AC power
waeoewsas3s7®3. The | oad control system of cl ai m PCT/US2008/005187

wherein the main | oad contuel device is operable to

conmuni cate with the | oad-side renote device during a
bidireSEGRAN Cerhic BRaRESH s%ﬁﬂff mﬁdé}?@ the %?di{é@lié 1t ¥&thfoon@@or Qvitch

COnun cate Wi th the [ine-side Fente device 8ur|ng a
condusgecomill niomeongaciicedd of the negative half-cycle. 24. A

| oad control device adapted for use in a | oad control

system for controlling an anmount of power delivered to

an el egbr i cathelleaticdnteiievic§T (1ainee 5 Fahaoniprirgoad

control system conpri si ngqa renote control device, the

| oad cérinedidedesd tamenakpdapiedhiy: bepuntedd sy SCtRoMET sgyree;
adapt ed 16é>d-§age fogpﬂg@ﬁnm%dsﬁ%ﬂ E@H@E&ipquwtﬂé egﬁmcﬁﬁba&

char gi ng pa oW ng the renote control device
t 0 dr awhertin dretbitlineaioghl dehdcarine®s switch esmprises twa FETs in anti-

. transcei yer operaple to. transmt and receive digital
series paieg jgn bgvigeh ﬁ%eaﬁ%ecgeew t?@?lmlﬁgﬂ;th%ﬁasal@dﬂ% trpaal, the
somcés%mhceﬁﬁwc&ﬂﬁ?déagﬁrgm@ dodtiof.Or control ling the

chargl ng pat ow the renote control device to
draw current through the accessory termnal during a

first Hhne i f - . .
sour cefzbt heﬁggg?éjdoﬁ%@]r& P gxﬁ%gﬁ&%&g@egﬂggﬁﬁﬁg%Woller is operable
to renti¢rahs seiond F EfTorontinetnendurinigniye powiti vesleadf-vyahes to adodi the taahote
ssages via the accessory termnal .dyrin secon .
contra] RECH B {15 R ﬁmévﬁs RECSFOrY HEmiRa ﬁae\g?ealgeﬂi-.s@@%ad terminal
and togtgansme@dd%é*ewam@ Qi gifh® HieS& g fvidthd aBeedéory kethiif! and to render the

nmprising: a bidirectional "sem conductof sw tch _
first FEdaqoinductive dweingdbphegative halficyelss &l ataw theatmotemeatrol device to

draw TR GiropelLits Govara PP Enadns laSisidsdord feEfinab i to Fansmit
and recBiRe®iHY iRl rRRi8hgcSaAtHOREERbB  teiMinhCh conprising a

control input; wherein the controller is operatively
coupled to the control input of thebidirectiona

sem conguct ofheQ¥Ad &dhtfoPleieNIEEIRRAD2 Y NG b the Cbh@O®r is operable
sem conduct or swtch conductive and non-conducti ve.

to conzi®] thEendupa df powmendsliversdite thedpad bpurendesng therfirsefET conductive
i,de |l o

o RS R LSS MRl EURALS el v

cycled. erminal adapted to be coupled to the electrical |oad;

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

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

a load-side load terminal adapted to be coupled to the electrical load,;
wherein the bidirectional semiconductor switch comprises a triac coupled

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

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

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

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



wherein the bidirectional sem conductor swtch
conprises two FETs in antiseries connection between
w0 b@sli33ses si de | oad term nal and the | oad-si dep¢Das2008/005187
termnal, the sources of the FETs coupled to a circuit
common. 27. The load control device of claim?26,
wherein the controller is operable to render the
second FET conductive during the positive half-cycles
when the secogd|syiiching Girshid fiscangduetiva, vesE SURPIY AROPLaRIE éhprovide the
t (A ; - gl
ooty o JREHER LGS ARSTEA a8 Rk cB0 e
receive digitabiagssayésavit ke @ceksgaesminal darivey the anghtive hatfroleless he
first FET conductjive during. the negatjve half-cycles. ..
to aPhERIn e CPBRNGE it BPRTRGNEl Y eRuler odhelFissl et sFeoRd Switching
circuits fc'irrk%féﬂg%lgf ?&éﬁﬁﬁﬁ?ﬁ@ﬁﬁét LR S8:B3d svaitchih @irﬂﬁé&bﬁﬂ@&i%%‘%
termnal "and to"transmt and recelved the digital
complememtasdgwisvi a t he accessory terminal. 28. The | oad
control device of claim27, wherein the controller is
operable to control the anpunt of power delivered to
the Bbad Miie tcaddenirolpddvive dficldin 2 Turden dompriv@gdur i ng
the positive half-cycles and the second FET conductive
dur i AEOVRESURBYAIOr gENTTANREY SYRPLY valépgeTihe POYAHS gfing an
: . - n . :
output oF B e R R B e b BRina S TR L e s, ABLERENE provided
at the accsssorycermaal danngthddirstaade penad.nal adapted to be
coupled to the electrical |oad; wherein the
bi di recti onal sem conductor switch conprises a triac
coupfzd bFhevad doherol devécesofdéaimodld farehericomlpriaing: t he

| oad-side |Load termnal. 30. The |oad control deyice
of cf SEedimif GHEHEPPEIFHYSTY cqupled betypery eﬂh‘&“&ﬁfﬁﬁ power

supply ant‘aihtf1§ Hé:ctes&?%' ﬁ!erﬁﬁinél,otht‘: Gﬁn&ﬁﬁﬂﬂi% td&uil 28Ptddqb Tnfiathe MMEHtude of

at when first switching circuit is conductive,

the currenthbropghvtire agpgsbry tesnmgkr abl e to provi de the supply
vol tage at the accessory term nal and the transceiver
is operable to transmt and receive digital nessages
vi a Bhe atbeisadropntrel ddvinee ofcblaimni, pdeidin thee current limit circuit is

hal.f - cycl es; and econd swi tchi ciycuit coupled to .
operable {plimititkecurans Thguh e Arevsery (TR A & HRESHTRE U5 1) during
the first tYé HEHUIVE thE hflWclclbSarAAh QUetdntourtcRliRAVBY el SUBRE Yhd stcond

operable to provide the supply voltage at the

time periad ofths dwalf-ayeleni nal and the transceiver is operable to
transmt and receive digital nessages via the
accessory termnal during the negative hal f-cycles;
wher 34.n t fbe deadtcoatrbldeviice affpdaint 33, etheran the sydtahdiméperiod is
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conductive on a conpl enentary basis.
35. The load control device of claim 33, wherein the first current limit

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

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

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

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

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

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



31. The load control device of claim 24, further
conprising: a power supply for generating a supply

wo obosagmsy9 t he power supply having an out put opPCBEUB2088/§05187
coupled to the accessory tenm nal, such that the
supply voltage is provided at the accessory term na
during the first tine period. 32. The | oad control
device of claim 31, further conprising: a current

i mi & SeGond sitching carepiy epypledinghe dingrsidrdesd teranadsyeh that
| L i .
when thedtedrd R IHER ¥ o AREGEE (RARERT ALbplb s Shelbic o Pibvide the
supply vadfagt hethe uccassdryttémanghantdhke aasesiser iy operabletaltranS@it ahtie
: lq%? control, device of clajn132, wher ein, t he urkgnt
receive djgitg] megsagey ve thesacspisprpieaning! durng the ResatirelaHeCXCHisough
t he ] - ' r i, g tohi
ur i AneteXohfoMrlSonddie) bpE hF st hffsbock@iRiching
circuits far skconelycendeeing the first ahdeseebndiswitehing biecid scondudtiviee
period of the half-cycle. 34. The |oad control device
of claim33, wherein the switch tine period is
subsBant i dhkyoalqpoatrot deviidesofadidinmgl 6) gvHereir thresdntrd1lpt isoperable
the co nication tinme period. 35, The |load_control.
to controljbg ficd a9 SE‘F%drﬁ“S‘@S’"\&FéWé}tﬁtq ) theamaytf gRPOYrfietivered to
the load. | €vel is approximately 150 mA, and the second current
limt level is approxinmately 10 mA. 36. The | oad
control device of claim31, further conprising: a
i ne,gi de t ] : :
AC pasier 450 Tiad SRR ey AR, 3 AN Sfhubfiel Miders the
first switdtang civgliecbridactiveedwerimeathe positive haflicyded andsthe sedondlsivitghing
. . circuit coup]ed to the |oad-side |oad term nal, such
circuit copdugtivguringthe negalive Balfcy¥tliehig circuit is conductive,
the power supply is operable to provide the supply
vol ta%e at the accessory term.nal and the transceiver

i s op@r ablTedepdqontehiievieof dlaimes L vhergin the suppbsyrjege
- I erm nal during positive
compnse%é?lpblggog?tggjﬁcg%aa econd switching circuit coupled to
the line-side load term nal, such that when the second
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oper g@‘l e tT‘clgx eg)faolav"fogg%} ﬁ&%@p‘{lé%v% ’?glgega}g@% (ﬁ{ép@ hg path
comprise8 @ dBStSWichingy ditcnitlcoapled shich thevwBaethe dirstissviehigaditcaittio
.transmt and receive digital ssages via the
conductivgs thesrgpiofe load iPRiER detiiceigonarable iy diam curreaf threygh g accessory
jWherein the controller is operatively coupled to the
first and second switching circuits for selectively
rendering the first and second switching circuits
condyctiv T . i J.ai,m 36,
wnor 31 t Rhe R el BB SR 2 KR gl
a memory coupled to the controller and adapted to store an advanced

termina

programming feature;
wherein the digital message comprises a command to adjust the advanced

programming feature.

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

delivered to the load.



to control the first and second switching circuits to
control the anpbunt of power delivered to the |oad. 38.

wqa b@shisado cont rol device of claim 36, wherein POEUS2008/005187
controller renders the first switching circuit
conductive during the positive half-cycles and the
second swi tchi ng circuit conductive duri ng t he
negatjve h | f-cycle evi ce of

cl ai f#:31, d0ad; Cﬁ“FHE "S’S‘i?p?-rf{}’?ﬁ} %a‘tad@‘eé '31 glalgnessage
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a| m erein the charging path conpfise
the load.fi rst swi t chi ng circui t coupl ed such that when the
first switching circuit is conductive, the renote | oad
control device is operable to draw current through the
accegsor y A eadicomtrol dévite adiged fradise a4 foad cdatv‘bmstefn for

COI]trOllllwﬂl: q;nr%q%frg pf g%&ggéeé%ggglrtk)ghg?e&rrgagﬁ)ng% gce govtvgr stogr%e the
load contp(fl% §t@1WPoPr§> it fegmoté!"@&{d'f:dl '&e@n@ﬁ tHe Wali bonTEERALR comprising:

I'ses to adjust the advanced progranmm ng
f eat aldiae-sii2. lo%tenhbmﬂadapmdtolbeobeuplcd tofhecA@ipow2d source;

wh the digital t tted t.h
Acce s L elonf it aarn ot B CORISHA b e BeitRdPatne
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control devitce of claim 24, wherein the @I?
nessageilreen@na}ednmoadmdﬁ@r wu@s@gpgﬁdmsmqﬁ cctm;bporwstlon

between %@%ﬁtsll e lagcgge%lnlugalr %atg\[ﬁelclé cgalgﬁ?%%%grg?{l%élefd r c?]nttgoqr"la%gle power

delivereda8ihe ElkctfiyAt16ad, iRy biaRedtiodhl sendicaitiudir éWitc® tompising a control
delivered to an electrical |oad froman AC power

input; source, the | oad control system conprising a renote
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semicondiCtop @WetEh $erteRdering theBidtirgttishal sanicobeduttoralvirt aphésttive and
be coupled to the electrical |oad; an accessory
non-condughiYf;nal adapted to be coupl ed to the renpte control
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output ofeecsiyetyeroupledl to ahm:iadcbssoi'}oadnmalj autlothdt the rsnpplalvoita)ge is provided
at the acc%(s)snotr)r/ g)elrrlnlmn ? dt he Eswnch time period,

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

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

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

wherein the controller is operatively coupled to the first and second switching

circuits for selectively rendering the first and second switching circuits conductive on a

complementary basis.



delivered to the electrical |oad, the bidirectional

sem conductor switch conprising a control input; a
wa@oousnsdsier operatively coupled to the control PCTYPEL008005187

the bidirectional sem condéetor switch for rendering

the bidirectional sem conductor swi tch conductive and

non- conductive; a power supply for generating a supply

vol tage, the power supply havi.ng, an output operat.ively . .
Couphad t JhehEaLAsnebaRN e S IRITarS "Giserin dhesgurtan imit cifeuit i
operable Z&‘Hn‘?llitythg thtré\gq%ﬂoﬁgﬁ’ teVd e oAt tefrhiRa Ao GEFS CEMrdne iR Vel during
uring a swtch trme period; a transceiver operable to
a charginigrtames periodasftthe halficyele dargl tb al seomsis@ypesat limat leve during the
accessory term_nal ring a conmunication tinme period
communicgiign Hgyefp_eggepgﬂ@fhaﬁﬁ(‘e\wk power source; a first
swtching circuit coupled to the |oad-side | oad
term nal, such that when the first switching circuit . .
i s cdAducilihgdoad gpatigbdceeimiripn #3 VHisriaRbesithimG pgaod 1s
substantigii cSUR the (Rt BRRIAE pEIF: BES RN AL I Rribd
di gital nessages via the accessory ternminal during
posi t,Lve - : - SeC ' j ' '
Coupl'd t o st s onRBFYAIGFARATH ek th Bt cchihe] system
for contré g 28 @ATMUNEHS pevdrriglicéred to 4n elscteionlduad from, art A€ poowesource,
supply i.s operahle to provide the supply vol tage at
the load ¢qqdro} devise 6PWPHYASH nal and the transceiver is operabl e
to transst, '?éin{iﬁéim ve digital nessages via the
accessory tefmnal during the negative hal f-cycles;
wher aitransdedver @pemablel te transmit pad atdeirel digital mpdseatzes via the
first ?.nd second switching circuits for selectively
accessory (erapng ng the first and second switching circuits
condychh¥EN1QbpRrAIER RUBRUAS YheABdisSei dér- for #Ensnfi@tthg and
~control device of cl'aim 44, wherein the current [imt
receivingthe dligital imessages wislthe aesebsony termiral;camdr ent  t hr ough t he
accessory term nal .t first current limt .|level
dur t o ek RSt i oo el o PebiPEE sumaly
voltage, the pdwee S@iply 6pérabIBtio kbmdratela@VBstastitilyngwti@gnitude DC voltage for
_communi cation tinme period of the half-cycle. 46. The
powering thgdoaolerol devi ce of claim 45, wherein the swtch

tinme _peri.od | t.] ' .
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a first timepaici dfasithitoyl¢ of thd vt pewadsntag afidthewsatrolierds bpardble to
.control systemfor controlling an anmount of pQ fr
transmit gaq repeivedhe disHal eewsess dwe 3 aand HewmpsRodef M -cycle.

source,

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

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

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

a visual indicator for providing feedback to a user.

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

indicator comprises a linear array of light-emitting diodes.

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

the electrical load.



the | oad control device conprising: an accessory
termnal; a transceiver operable to transmt and
wo easi1ym74li gi t al nessages via the accessory tepar/matops/ensis7

controller operatively coupbed to the transceiver for

transmtting and receiving the digital nessages via

the accessory term nal; and a power supply coupled to

t he ces ry ter rece vol t age
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wherein the power supply I's operable to charge from
communichteorslimpl y vol tage during a first tine period of a

hal f-cycle of the AC power source, and the controller

is operable to transmt and receive the digita

nmességie dThe ngnetedemibeuthtriol devipeof dainn$?2, t\ﬂeeréialthe comttodler is

48. The renote Ioa contr ol em of cl
operable {g ransmit § Wirelgsg signp rﬁ%@éﬁé@@él@&i&% %‘E%‘“ﬁr?g @ﬁwebpreaw}éfrbemg

dellvered%W&Eétﬁcg%'ﬂgw‘a%é %ﬁ%ﬁgs {réhshiifed 0ad. 49. The renpte

control device of claim48, further conprising: a
VI sual i ndi cator for providing feedback to a user. 50.
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I cator conprises a linear arra
| i ghtin ectuatbr ognpiédideke caritrolleh éorrpeovitimg| aeser mpmt toothe
deV| ce of claim50, wherein the light-emtting di odes

controllepy apd ge| ectively illuminated to display an anount of
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The renodte | oad control devi ce 'of claim 48,
operable tmcratulse thecfmdphic soung: geaerstardd gencrato amandiblg sound an resppnse to an

tuat q.gl% to be coupled to a wirel ess conmuni cati on
actuation|q 'g':‘sa °The rempte | oad control device of claimb52,

wherein the controller is operable to transmt a
wireless signal representative of the amunt o ower .
o eosie Ty ARG dGERPURAIBNE £ APAGNA N S arEaly 41 Gectrica
load fron{ heaw ﬁcﬁb&%@uﬁc@%ﬁr@édt&htroﬁéystem frchiRY £nlafRfba8 BAt &l device
device of claim47, further “conprising. an actuator
andaremnmlﬂaddomnoltdﬁe'l@omemtheti céroprigingvi di ng a user input
to the controller: a\
charging a power supply of the remote load control device during a first time
period of a half-cycle of the AC power source; and
communicating digital messages between the main load control device and the

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

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

providing a supply voltage to the remote load control device;

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

of the half-cycle.

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

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



an audi bl e sound generator coupled to the controller,

such that the controller is operable to cause the
wa@oeaishBm7sound generator to generate an audi bl BCHOSZVOS8/005187

in response to an actuatios4of the actuator. 55. A

met hod of controlling an anount of power delivered to

an electrical load froman AC power source in a | oad

conts@l Syt ﬁ{é‘tﬁ&&lcéﬂé‘#dlﬂﬂsﬁ o e? cbﬁ?ﬁsﬁgeﬁé Qgpsd@fv' ce

and a remote | oad control 'device
c onphimgtingthe chaenyi qwgdwctpxbhﬁwesm thelmainfloadaentrehde aced gulthe
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dlgltal nessages bet ween the mai n | oad control device
and te Ioad qQnt r device during a second

ti ms er | er thaderfigkgim (‘f‘fh@re‘%g‘e StRe0 pnigating farther
compnse??xrorflh' H’égsﬁ{)ﬁg'mt'a c’t:g)gliegﬁkge he it rgﬂftudep(‘}fQKé gu;ﬂﬂ JoRARARbY

tag t devi ce; vvhere| n the
substantigdtyegerofolthar gi ng a power supply conprises charging the
power supply of the renote | oad control device from
the supply voltage during the first time period of the
hal f 6@.ycl &he Biethothef cﬂm'nhw fmﬁharlcamprisiﬁ‘ag theistepeof:

co t t ng.th t
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control d%‘léé Jls}lr{gf‘aeiaéént‘i@éhélf E‘%l@%ﬁ(’d of the half-cycle to a
rst | evel.b8 he mmet'’hod of claim57, further

conpenabling atsh@:;rsitaé\psglmg pathifor ¢hiargjng the powver enpply of the remote

cqnduct bet wee in load control device and the
load contfojﬁﬁyngeggmlg8|neaagveg-@1t?%c ‘second | evel during the

second tinme period of the half-cycle. 59. The nethod

of cl in.the f co ni cating further

corrpﬁ sesis'ﬂBm?‘?]@C?tI‘Pé‘ 'é’ﬁé ‘E}“ﬁéﬁt f%or}t@&lﬂfggea‘l gygount of

power dew&ea wgr?eleém’fcaﬁow B'Bhyad/@bt;ﬂﬁeerfs@un%' haé @,vgkérﬂlcbmpﬁ%g a
I'ts. 60. The nmethod of claimb56, further conprisi ng

main load htmteotl dpsicofind enandte rhgp@dntmkde\cm thsi m‘g)r@\ectnhﬁm epmprising;
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the renote | oad control device during a negative

supply vdigige dusieg a firg tmme periagl afj ahadf-cysdaef ha Alopeveiosouress and
syst %@axtnsofor ESMu%Ja'qu d?gtftaf‘m%yﬁtgesolgetween the main load control

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

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

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

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

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

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

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



power delivered to an electrical |oad froman AC power

source, the systemconprising a main | oad contr ol
walessasssand a renote | oad control device, the PCT/US2008/005187

I mprovenent conprising: nmed@mss for providing a supply

voltage to the renote | oad control device; neans for

charging a power supply of the renote | oad control

device fromthe suppl(écvol tage duri ng g first tine
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62. Anmultiple location |oad control systemfor

controlling an anount of power delivered to an
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the line-sideremwidiiead eomttet devrd daring negative halfeyaldapt ed t o be
coupled to the hot termnal and to the accessory
termnal of the main |oad control device; and a
| oad6si de Thelddeon@alsyemnt bO¢latess thétdlaphedlaimlob& control

coupl ed to the di mred hot term nal to the
device comnrisss ap gCtuphnfhls OGPraleFetor?éﬁnﬁmFt(?aféfsb gttelgnessags wgesponse to
%@ﬁ ccessory termnal of the nain |oad
anactuati’&ﬁ%ﬁh{ w%e is coupled to the line-side renpte | oad
control device and the | oad-side renote | oad control
devi g§ * hﬁ%%d%n?r‘&ﬁ?ﬁ?e%x Wafnll RY; wltné}gmrfﬁé Hla rpﬁ)% control
control device opera ransm’t and recel
device is @peﬂab&l toeaag shevifshdigital messdgsictibe l@dedide feﬂ&ﬂe Ixmﬂtcr‘oﬁtrol
evi ce dur.i ng%la first half-cy clﬁ,@fa;nd to transmt and

device dweetheeomlw fenddes apedo tshnit the firstlisita] qaessagrdp ghe line-side
remote lc{aa%GQtﬁgl{U@eeﬁ/?efdﬁf%ggmﬁengég Eogp?irf g F?I“g{i/% e‘f’?’fdll%wu_lr%the

negative halfdydent r ol system of cl ai m 62, V\,her ein the main |oad
control device is operable to transmt and receive
digital nmessages with the | oad-side renote | oad
cont 66! d&he deadchontrobsysees bf vleinnab f whgreinahe ﬂmdnglml message
nsmt_ and cei ve djigital nessages w
s transmjtieddo dheoaeh émtr@npﬁéaaig?ﬂ% deyes QSWPhW&’ FRIgEGYtiyE positive
- | f-cycles. 64. The | oad control system of claim 63,
half-cycley’ _ : : .
erein the main | oad control device conprises an
actuator and is operable to transmt a first digital
TESSRRC | THEFSRARNGo! e BELIA 56V Alro g R AL Rles arc
e | oad control stemo aim erein the
encoded nshg Manahestarrentading.

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

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

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

response to the first digital message transmitted by the main load control device.



device is operable to transmt the first digital
nmessage to the | oad-side renpte | oad control device
waolpoosngssthe positive half-cycles, and to transpeT/us1ve8/005187
first digital nessage to thse |ine-side renote | oad
control device during the negative half-cycles
i mredi ately foll ow ng the negative hal f-cycles. 66.
The ad ntrol sysfemof claim65, wherein the first
di gi |(7§| B¢ depd Gotip f%)ﬁéﬁw of gam 63 errigdhe Madeidesspote load
I
control dsABC AR eR ap SENafoL a8 [ORpiBHe o B OP R UlgithPrmessage to the
main load:bmtmlﬁﬁyxce\,hereepamsd |t<gam attuakesaghs actnstoencoded usi ng
Manchester encoding. 68. The | oad control system of
claim 64, wherein actuation of the actuator of the
mai n71 0ad ThendddadontreVsyseem 6f ¢laji @6 anhdtinuhe afairtload control
desired lighting |ntenS|t of the Ilghtlng | oad and
device is ppgrabpletg treta@émtnathe k&l msssnge Feeeived frcgﬁ thq legdsiside remote
control dEAETRIe 1@8.51(11;*}%@& §30GEAe SySt em of cl aim 68,
rein the renpte 1oad control device conprises a
visual indicator and is operable to illum nate the
Vi su in r t. di gkt al
reas e ¢ nienaseboLSRRREBEehh bES bR pElrald Rad contol

device foétlY a €est @@mnliifcdtidagattowith dhe Byd{sRIAremond c&inﬁ’oﬁ&ewce during the
wher ein the | oad-side rempte | oad control  devic
positive habhpyclesand arseqend carypunisationspah srddhe lipe;sidegpmafercogtrol

device dJrinrgStBe qé%tltvglhafﬁﬁ/él%g&ct}Hhﬁthﬁe pﬂt ﬁ.m!l 0a4ng Qgﬁﬁﬁlfuc‘%%\ﬂfﬁ)gths do

actuation o act uat
not pass tlhnarghmﬂhbrtbnle Ay poenr swfurad @ithe €Rctrichldloed.n t he mai n | oad
control device is operable to retransmt the first
di gital nessage received fromthe | oad-side renote

cont 78] devicaé comrélRievicendapted fornsent £ 1cadribntdl sisencor
72. The | oad control syst em of _cl alaH1 62, wherein the
controlling:anameun of gavendeliysradde apslgeiric! fqad dfom PRYES soHree, the

load contpﬂtsglst\éfnt Jﬁﬁﬁhﬂﬁofﬂnes SLide rérﬁS‘%tcgnG&rﬁengile O6Yled %o %A@ Dower

ositl cycl es and a secon n|ca i"on
source anjdad loadustde reinetd donarobdelece erupled to oind ¢ledtridabad; thkiload gontrol
t he. negative half-cycle, such that the first and
device COIRIIRE’ communi cati on paths do not pass through either

the ffstRANBECORA W KteRhinhRQdGHRE 1S b@@éuﬂl&ﬁg sefiss eléethiead
control device adapted for use in a contr ol

connectigyixtteaerf dee AGpowet $dunce and therolentricol lop@,\/\er delivered to

| ect | | oad,f C th d.
o ont PRy ey ) praThE o s adfs G sig A Ipgriae
remotec&ﬁi«ﬂl@l@v&wm ed to the AC power source and a | oad-side

renpte control device coupled to the electrical |oad,
t he Rbidirestipmal sgmiconductor switch coupled between the first and second

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

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

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

cycles.



device conprising: first and second |oad termnals

adapted to be coupled in series electrical connection
wbedosasiz7e he AC power source and the el ectri cabCt/oamps/ 05187

an accessory term nal adaptsed to be coupled to the

i ne-side and | oad-side renpte control devices; a

bi di recti onal sem conductor switch coupl ed between the

first and_second Ioaﬂ ternt al.s,_such th

t th . .
bi di Féct | Eﬁalloaéiecmlgs %%?‘-’09 cJ3im Th nger%fa@?%%t'gcwef Is
operatle FEALE0L 8 AU S 155 bl SRl it o,
control input; a cont roller operatively coupled to the
I
Cort 8! b LALLGELATEL (B ORCHEL Bl e

is recetveﬂvdv%ﬁﬁuqltm]d p6§1t1\/€hﬂﬂdycﬂes] saciacthe ¢ontraltd réceives a
ranscei ver_coupl ed_ to the accessory termnal, a d

predetema}set awnken of tilsahths st digifplynesses A984iveihakf-oyR

| oad-side renote control device during positive
hal f-cycles, and to conmmuni cate digital nessages with

the Péne- Jhadoadesontrel deyiee oficlaimn1% contzpliands prazallp e store the
bits of thgﬁté;tgyr%l ?s%%g ece;(;'é& dluq gtl'&?}Heg %(gsl?t‘fvec}?alpé c% fH A f? 24 st

{ranscelve recerve a
digital nessage fromthe Ioad side renote contro

devi 7 oad, contr dev of .c

vvherz‘l?n tﬁgelﬁ%s on °b etvé‘fe%e Wg‘et%ﬂé‘?%“’&‘zré’ & is operable
to retranskfit fhieit€ oP @ firsiv@ighall thessygd ﬁ&elvédlﬁdihﬁ@ﬂtk pké¥ent positive half-

controller receives a predeterm ned nunmber of bits of

cycle to the ling-sidg rempigicoairohgdevicega thasubseient negatina halfeyelee,
76. The | oad control device of claim?75, controller is
operable to store the bits of the digital nessage

Le;:fe?&ed dbe |1<Lﬂ§ c}on@obde@@qub@m [} MMICPHW@D@ in a
77..T
Wﬁ er glig ﬁcttxﬁtgr %ou% ﬁ%ﬂgg ggrttl:o(ﬂer ?lo rg\?’ fl% &lls%l' f Yl? tthﬁe

S opera ran
controlleRi ts of the first digital nessage recelved durlng t he
present positive halfcycle to the line-side renote

cont peregetiecentralleris operkle 4o Eansmid a dirstigital mesgage)ia.
response ?c?an J&Satlo%a&tﬁggérpﬁh{ device of claim73, further

or coupled to the controller for
prOV|d|ng a user input to the controller; wherein the

cont 5911 efml 3o ARSHA] S S AR i i e Bk is operable

nmessage i n response to an actuation o he a
to store the first digital message in a buffer in response to the actuation of the actuator, and to

transmit the first digital message to the load-side remote control device in the positive half-

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

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

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

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

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

half-cycles, and to render the second switching circuit to be conductive during the negative



79. The | oad control device of claim78, wherein the
controller is operable to store the first digita
woreasags7dn a buffer in response to the actuatPOnUSf008/005187

the actuator, and to transsst the first digital

nmessage to the | oad-side renote control device in the

positive hal fcycles and to the line-side remte

ontrol devices in the negative half-cycles. 80, The X

half-cyclp, SucTo At MBITaHesst ¥ 15PPERALF IR Fr@smrlmdrf@?e%ﬁ',&"agmﬁgag%s with
the line- sﬁdél%ho%%"ﬁérﬁlgilﬂﬁleég&}ﬂﬁ g tROHBL A egs Eidsthe first |oad

term na e transcel ver, responsive to the

controller; and a second SMAtChIng circuit coupled

bet wagn t mem%ﬁl%(a"bq hﬁt%ilhh aﬁ%hn%o%? dtfi ﬁfﬂé(‘f?d dfélectrical

and responsive to t e con roI erel

load front emApdweér sofircepthieaidthod comprisisg thelseepbiof:ist swi t chi ng
circuit to be cond CtIV? during the @051 t{
hal f ceyRlings maigdpad Feptral devies Hpsezies glepinca W@quneb%een the

AC pow%r(r)sgg{%g:a[ad AL QAEAGad)! 'tl% rgé’m 195P Stdbo? dWlﬁ@hé\n a hot terminal

e renote contr evice during t pos tive
adapted tb_aiefcoupketiecs theah@ power enutee, atdmaneddon terswnal adiapied to be coupled

h cir r|t to be conduct ve. drrlng t he
tot eeleﬁgﬁ’é opdiAndranAcesssary itk hat the transceiver is

oper aBhAide ki tdmae loddeoRtry Bddi& thahe H&&mﬁm ¥fith&main
the line-side renote control devices during t

load contnelgletvioge hal f-cycles. 8 1. A nethod of controlllng an

anount ower d Iive d 0 _an.el ect |l oad.from.

- AcowBimet 83t Rl had Rl BriFt | (E Rl pal BPhinal of
the main¥bad &Rl E&Gcét ai@i N | 0oad control device in series

el ectrical connection between t he AC power source and

t he eperling thepcdesspdy termanaleil the maig leasheansiol dexife @ the line-side

remote de\a& axgd &.e*ié?&d & 85 gnqglle g@ﬂ%g El‘?‘gu%{)%rgfccg%gﬁ @g-ui% the AC

source,

c o up I“ehérdlﬂ tltel‘lm;ﬁb\&ﬁiemt camptisasdhe stopk @ accessory
termnal; coupling a line-sjde renote | oad contrg
devi cemmyniqaiing diitab messages betwesn theanain lepgroniial deice and the

load-sidegr%mo?eekotag Qyﬁtdlg[ﬂﬁﬁg gﬂﬁggﬁ'ff}& Haff Bk bfi@d control

evi ce term nal” of the main | oad
cont omnlendatiag digithl mﬁgbmgemhen theaeasin doad doatrol dexticaodnd the

| oad ontr devi ce the |line-side renote
line-side JUpPiRgOMH P RERL AP DSHOLHHCH FEaBE BalFays edmiRlg H Faowing the
ﬁmthdf@%@ﬁssory Wi ring; wherein the inprovenent conprises
the steps of: comunicating digital nmessages between
the main | oad control device and the | oad-side renpte

| oad ggont rol, GEUL ftatbh 13 Bnfrbl Shtelffol c6¥iFdiIfing 3 dmount of

power delivered to an electrical load from an AC power source, the system comprising:

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

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

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

wherein the improvement comprises:



communi cating digital nmessages between the main | oad
control device and the |line-side renote | oad contro
walesnsasssdur i ng a second hal f-cycl e i nedi at el yPCT/US2008/005187
following the first half-cyele. 82. Anultiple
| ocation | oad control systemfor controlling an anount
of power delivered to an electrical load froman AC
power source, the system conprising: .a in |oad,
cont HsImejaJeadeconirol feyiee prsratle fnirpemiband feee! ve gigial messages
wit the IBQRRIGE fernBte 0, Kafdf WBYic AU e otiTE RS UFE1ch A ) Bansmi
and receiae digitabmysshgesnwvitiathe lmeldideremiade load rohteol deaitectuningahe negative
devi ce adapted to be coupled to the hot term nal and
% the accessory termnal of the main |oad control
device; and a | oad-side renote | oad control device
adapted to be coupled to the dimed hot term nal and
to the accessory termnal of the main |oad contro
devi ce, the accessory term nal of the main | oad
control device is coupled to the line-side renote |oad
control device and the | oad-side renpote | oad contro
devi ce through an accessory wiring; wherein the
I mprovenent conprises:the main | oad control device
operable to transmt and receive digital nessages with
the | oad-side renote | oad control device during the
positive half-cycles, and to transmt and receive
digital nmessages with the line-side renote | oad
control device during the negative half-cycles.

half-cycl



